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Abstract- The increasing intricacy and regulatory
scrutiny regarding Environmental, Social, and
Governance (ESG) policies within  smart
infrastructure projects have escalated the need for
Artificial Intelligence (Al) technologies to improve
monitoring, auditing, and responsibility at all levels.
This research aims to examine the specific Al
technologies of Natural Language Processing
(NLP), machine learning, and real-time anomaly
detection to determine their impact on enabling
infrastructure development that is compliant with
ESG policies and is efficient, scalable, and
transparent. This research synthesizes theoretical
and empirical literature from 2000 to 2022 to
determine the impact of Al on ESG document
classification, environmental monitoring, and
automation of governance frameworks in large
infrastructure projects. Most respondents noted that
the application of Al in ESG frameworks
significantly aids the detection of ESG risks,
decreases compliance cost, and enhances the
consistency of reporting throughout the project life
cyclee. Among the challenges Al faces in
implementing ESG policies are data heterogeneity,
algorithmic bias, lack of defined ESG and Al
regulatory frameworks, and lack of defined
governance frameworks. This research were pointed
out the importance of setting uniform criteria for
ESG data standards, compliance frameworks,
human-in-the-loop governance, and capacity-
building initiatives for ESG and Al professionals.
These findings underscore the critical role of Al in
bridging technological innovation with sustainable
and ethical infrastructure development.

Index Terms : Smart Infrastructure, Capacity
Building, AI regulatory, environmental monitoring
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L. INTRODUCTION

Sustainable Environmental, Social, and Governance
(ESG) policies are critical in relation to infrastructure
development, compliance policies, and compliance
technologies, compliance frameworks, governance
frameworks, and governance policies. In smart
infrastructure developments like digital twins, IoT-
enabled cities, and digitally-managed energy-
generating networks, sheer volume and variety of
target ESG data surpasses human processing
potential.  Therefore,  customary  compliance
approaches would be obsolete. This problem can be
optimally addressed by AI. Al technologies can
ensure automated continuous operational compliance
monitoring, unstructured document processing, and
operational data anomaly detection. Mehra et al
(2022) for example construct domain specific
language model fine tuned on ESG disclosures and
named it ESGBERT. They proved that automating
classification using non-generic models yielded better
results, which allowed infrastructure stewards to
efficiently monitor labor standards, emission
disclosures, and governance clauses in contracts and
reports.

Fischbach et al. (2022) created ESG Miner, an NLP-
based ESG media content extractor, to complement
ESG media content disclosures by automatically
extracting content of external validation, like
controversies and environmental incidents. Using
over 400,000 news headlines, the tool achieved
nearly 97% classification accuracy for environmental
themes, demonstrating scalable media-based ESG
surveillance capabilities As regard the emerging
trends in Al, it would be an understatement to say it
has given improvements to corporate ESG
performance. For instance, a study on China’s public
firms between 2012 to 2022 found that companies
that integrated Al technologies demonstrated
significant gains in environmental and social
corporate social responsibility in relation to their
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internal controls and information systems. Also, Al
is useful in other aspects, especially in the
management of ESG risks. For instance, within the
public private partnerships, there is application of Al
in remote sensing, fuzzy logic, BIM, robotic
automation, and deep learning, which the put in place
a number of real time ESG risk detection
technologies. An Emerald thesis review of 36 case
studies of PPP infrastructure found these
technologies essential in risk and environment
modeling in complex infrastructure systems.

At the same time, research problems concerning XAI
and the RAI frameworks are emerging. For example,
Alsaigh et al. (2022) studied more than 150
documents on Al governance in smart energy
systems. He pointed out that most of the documents
lacked constructs of transparency and accountability
which are very crucial in smart infractructure projects
endowed with ESG monitoring.

When viewed collectively, these changes imply that
Al serves not only as an operational facilitator but
also as a strategic enabler for ESG compliance within
smart infrastructure. Al assists in providing
continuous monitoring of environmental factors,
social risks, governance benchmarks, and automated
anomaly detection for governance within ESG
frameworks. This review integrates literature
published from 2000 to 2022 to address Al
applications that assist in ESG compliance in smart
infrastructure projects, emphasizing NLP-driven
document evaluation, AI in media evaluation,
governance and risk prediction, and XAl-driven
governance frameworks.

IL. LITERATURE REVIEW

1. Al & ESG Performance: Firm-Level and
Infrastructure Contexts

Recent studies conducted at a corporate level show
the positive impact of AI adoption on ESG
performance. Yang etal. (2022) studied Chinese
publicly listed companies from 2012 to 2022. They
reported that adoption of AI technologies by
companies led to  statistically  significant
improvements in environmental and social metrics,
albeit governance outcomes were only marginally
improved. Their findings highlight the strengthening
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of internal controls and the information environment
Al presents to help achieve ESG targets.

Although not infrastructure-specific, Moodaley &
Telukdarie (2023) provide a broad systematic review
highlighting the role of Al in sustainability reporting,
greenwashing detection, and ESG risk management.
While focused across industries, the frameworks they
discuss are relevant for ESG monitoring in
infrastructure settings where accurate, transparent
disclosures are essential.

2. NLP-Based Document Monitoring for ESG

In their analysis of ESG disclosure, Mehra et al.
(2022) has created a domain specific language model
ESGBERT, which is a model trained on ESG
regulatory filings. The model outperformed NLP
systems when it came to classifying intricate ESG
terms as well as disclosure flags pertaining to labor or
emissions leading to automated compliance flagging
for infrastructural contracts and reporting documents.
Fischbach et al. (2022) has come up with ESG Miner,
an NLP based a system which has trained on news
and media to spot controversies relating to a
company or an infrastructural project as well as
analyze environmental incidents in relation to the
company. ESG Miner powered by Al shows nearly
97% accuracy on environmental subjects and thereby
acts as a trusted source for external validation of data
to supplement official ESG disclosures during smart
infrastructural surveillance.

3. Smart Data Streams on Infrastructure

The integration of AI with IoT and smart
infrastructural systems provides the ability to monitor
ESG compliance in real time. PWC (2022) and other
emerging frameworks like the Industry Foundation
Classes with added sensors propose that Al should be
used to monitor air quality, energy usage, traffic
emissions, and labor during the execution of a given
project. These systems are capable of identifying
breaches such as excessive emissions or unsafe
conditions and triggering automated alerts or
compliance reports.

As an instance, smart city initiatives in New York
City integrate mobility sensors and vehicle data to
assess environmental metrics for municipal ESG
reporting layers (Eden Strategy Institute, 2022). Al-
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powered analytics process raw loT data to compute
ESG metrics like greenhouse gas emissions or energy
intensity,  enabling audit and traceability
(International Journal of Accounting Information
Systems, 2022).

4. Supply Chain and Procurement Transparency

For construction and infrastructure projects, the
global supply chains are intricate and Al contributes
to ESG supervision through material tracking. Tribe
Al (2022) illustrates systems that evaluate supplier
MSDS, EPDs, and sustainability report documents
utilizing NLP and LLM frameworks for compliance
verification regarding the sourcing, carbon footprint,
and labor metrics. Al models are also unceasingly
scoring vendor compliance and identifying ESG risk
management greenwashing, thus aiding infrastructure
developers in ESG risk procurement network
management.

5. Risk Analysis, Anomaly Detection, and
Greenwashing Prevention

Al architectures are increasingly capable of
managing infrastructure systems monitoring for ESG
compliance and flag non compliance. Event detection
based on unsupervised learning and anomaly
detection techniques to environmental and safety
sensor data would highlight possible breach events.
(Fischbach et al., 2022).

The larger scale application of Al for ESG validation
was seen with BIS's Project Gaia which implemented
LLMs for scanning financial and infrastructure
documents to classify climate risks and emission
commitments for accuracy. The 2023 24 test claim
98% accuracy for absence of risks and around 80%
accuracy for risk identification. Although this does
not directly pertain to infrastructure, the methodology
of this use case can be relevant for project level ESG
monitoring.

Governance, Explainability, and Responsible Al in
ESG

Alsaigh etal. (2022) studied the responsible Al
governance of smart energy and infrastructure
systems and reviewed over 150 papers, noting the
gaps of  transparency, accountability, and
explainability which are critical for compliance Al
ESG interfacing.
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Liang etal. (2022) provide a cross-sector systematic
analysis on bias, transparency, data privacy,
accountability governance, and other ethical Al risks
focusing on infrastructure projects and ESG
compliance necessitating Cross industry
collaboration. XAI and human in the loop validation
are critical to build trust and regulatory compliance.

1. METHODOLOGY

1. Research Design

This study with its systematic review of ESG case
studies is underpinned by qualitative content analysis,
demonstrating the application of a mix-methods
approach. Methodological integration facilitates a
global investigation of the implementation of Al
technologies within ESG compliance frameworks in
smart infrastructure projects. The integration of
academic approach, Al technologies, and operations
in ESG compliance creates a multi-faceted view that
is best captured with mixed-methods (Creswell &
Clark, 2017).

2. Data Collection

a) Literature Search

Using Google Scholar, peer-reviewed articles,

conference proceedings and technical reports were

obtained with the search terms “Al in ESG

monitoring”, “smart infrastructure compliance”,

“NLP for ESG disclosures”, and “responsible Al in

construction”. Articles were selected based on the

following criteria:

1. Published from 2000 to 2022

2. Focused on ESG, Al or smart infrastructure

3. Provided empirical evidence or proposed a
theoretical framework.

With these criteria, a total of 51 articles were
obtained, including and not limited to the most recent
Yang et al. (2022), Mehra et al. (2022), and Alsaigh
et al. (2022) to ensure the latest perspectives on Al-
ESG were incorporated..

3. Data Analysis Techniques

NVivo was utilized for coding text data and for
helping structure qualitative text data into themes,
technologies, and risks for analysis. Thematic
Analysis was applied to case studies and scholarly
literature to extract meaningful recurring themes.
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IV.  FINDINGS

That Al enhances ESG performance, especially in its
environmental and social dimensions, confirms
evidence from several studies at the firm level. Yang
et al. (2022) analyzed data from Chinese listed firms
from 2012 to 2022 and reported that Al adoption
positively enhances environmental performance
(reductions in emissions) and social performance,
especially in labor safety compliance. The
improvement in governance performance was
modest. This suggests that although Al improves the
ability to monitor and ensure compliance as well as
transparent reporting, the operating governance
frameworks still determine the governance outcomes.
These findings highlight Al's potential as a
performance  booster for ESG  compliance,
particularly in the context of infrastructure projects
that integrate data and analytics through sensors into
their design and operations.

2. NLP and Document Classification for ESG
Monitoring

Al tools are leveraged to enable the parsing of
contracts, regulatory filings, and even the media to
search for non-compliance for ESG (Environmental,
Social and Governance) issues. In their research,
Mehra et al. (2022) proposed ESGBERT which was
subsequently trained on ESG disclosure documents.
It notably outperformed general-purpose language
models by detecting emission or labor-relevant
clauses with greater accuracy. It also enables the
automated classification of contractual commitments
and systematically flags contractual omissions or
violations.

Similarly, Fischbach et al. (2022) developed ESG
Miner, a platform driven by NLP that has been
trained on over 400,000 news headlines and reports,
which helps to identify and associate organizations
with environmental, social, and governance concerns.
This approach is useful for media-based reputation or
risk assessments because it provides nearly 97%
accuracy in classifying environmental risk patterns,
thus serving as a useful tool for external validation to
support ESG risk assessment and monitoring for
infrastructure project supervision.
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3. IoT-Enabled Real-Time ESG Monitoring in Smart
Infrastructure

Environmentally focused smart infrastructure
projects are incorporating sensors and IoT systems.
Eden Strategy Institute (2022) cites the City of New
York utilizing mobility and environmental data
streams to apply Al analytics for municipal ESG
audit layers. Eden mentions Al systems drawing from
real-time telemetry data like the ESG audits to
compute carbon and particulate emissions. Al's
telemetry translation capabilities turns telemetry data
into actionable ESG compliance indicators ESG
reports which aids compliance and public reporting.
Al systems are also capable of monitoring KPI
breaches in real-time. Al compliance systems
equipped with smart alert systems can issue real-time
notifications for breaches like exceeding the set
particulate emissions. This empowers project
managers to implement strategies for environmental
compliance, eliminate automation gaps, and build
ESG audit trails.

Construction Supply Chain ESG Transparency and
Anomaly Detection

Construction and building supply chains are
characterized by their multi-tiered structure with little
to no transparence. There is no boundary for the
application of Al technologies for the compliance of
ESGs in the procurement chains. Compliance with
set or labor standards by a supplier is checked by
means of NLP evaluation of his sustainability
documents, EPDs, MSDS documents and even public
materials.. Tribe Al (2022) systems monitor supplier
documentation and vendor behavior at scale,
assigning continuous ESG scores and flagging
greenwashing attempts. These platforms help project
owners ensure responsible sourcing across global
value chains in infrastructure development.

Simultaneously, anomaly detection, which is often a
form of unsupervised learning, is applied to identify
environmental or social performance deviations.
These systems identify irregular energy consumption,
unusual emission spikes, or safety-related anomalies
within the workforce that may indicate a potential
non-compliance risk. The anomalies are subsequently
flagged for manual review. ESG-Miner enhances this
further through media-based analytics by looking up
local anomalies against broader datasets.
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5. Al Governance Frameworks for ESG Monitoring
Integration

Al alignment with ESG frameworks demands a
rigorous governance structure, bolstered by a solid
framework for Al explainability. Alsaigh et al. (2022)
compiled a review of more than 150 studies focusing
on responsible artificial intelligence in smart
infrastructures and  emphasized transparency,
auditability, and responsibility as primary governance
shortcomings. They pointed out the need for human-
in-the-loop decision-making systems and call for
justifiable alert mechanisms, within ESG-compliant
frameworks.

While governance frameworks form the backbone of
the work, the need for auditable governance in
infrastructure projects is pressing. Al systems need to
issue verifiable outputs, for example, flagged
incidents linked to sensor data alongside contractual,
public, or disclosure ESG criterion, stakeholder, and
time stamps.

In order to finalize the governance dimension, Liang
et al. (2022) analyzed the ethical concerns of Al-
based ESG monitoring, highlighting biases, opacity,
and lack of responsibility frameworks as potential
issues if compliance automation driven by Al
assessments is left unchecked. Ethics of XAl
‘human’ policy frameworks of XAl that incorporate
review panels and/or validation checkpoints are
critical with regard to trust and regulatory
defensibility.

CONCLUSIONS

This research aimed to investigate the potential of
Artificial Intelligence (AI) technologies, specifically
Natural Language Processing (NLP), machine
learning, and anomaly detection algorithms in ESG
(Environmental, Social, and Governance) compliance
monitoring within the context of smart infrastructure
projects. From the synthesis of recent empirical
research, system-level implementations, and applied
frameworks, it is clear that Al adapting technologies
can transform ESG monitoring by automating
processes, enhancing transparency, and lessening the
resource intensity of compliance audit processes.
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NLP techniques have shown great success in
identifying ESG-related documents, finding gaps in
compliance, and performing large-scale analyses of
unstructured text. Furthermore, due to Al algorithms,
IoT devices can enable real-time monitoring, turning
raw environmental data into important compliance
metrics, thus providing proactive risk mitigation.
When combined with sensor streams and audits of
the supply chain, anomaly detection models enable
project managers to monitor compliance with
environmental and labor standards, providing them
with actionable recommendations.

Even with these innovations, there are significant
remaining issues to address for the future of ESG
assurance in smart infrastructure. Limited Al
regulation, lack of standardization in data formats,
and issues with transparency and bias limit full-scale
implementation. Also, many of these studies are firm
or sector-focused, creating a void in project-focused
studies, where the context, stakeholders, and risk
dynamics shift dramatically. For all the meaningful
contributions Al makes to ESG compliance, its
benefits are best realized when integrated into a
hybrid framework in which the machine’s processing
power is supplemented with human oversight,
compliance with regulations, and ethical governance.

RECOMMENDATIONS

Create  Human-Al Governance Mechanisms: To
ensure technical controls, infrastructure stakeholders
should set up Human-in-the-loop governance systems
where compliance officers, ESG specialists, or
citizen audit panels review Al alerts and
classifications. Integrating Explainable Al (XAI)
features like decision traceback and transparency
dashboards will help mitigate concerns of opacity and
improve accountability (Liang et al., 2022).

Update Regulatory Policy to Include ESG-AI
Compliance Audits: Al tools should be integrated
into the audit processes, therefore ESG compliance
frameworks reconciliation should be considered. By
permitting Al-assisted oversight as a legally defined
compliance verification, governments can incentivize
the use of Al for assurance on ESG requirements in
infrastructure projects..Invest in Capacity Building
for ESG-AI Practitioners
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