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Abstract: This research paper provides an organized framework for defining
key performance indicators related to green Al performance through
environmental impact assessment and social and governance (ESG)
regulations. The study explores how to overcome definitional and clarity issues
regarding how to assess the sustainability impact of green Al through key
performance indicators (KPIs). The paper identifies the primary constraints
related to the implementation of these types of KPlIs, in addition to the various
challenges related to establishing KPI definitions and measuring their
environmental and social externalities. It also generates an organizational
capability maturity model that enables an organization to integrate green Al
KPIs into ESG-aligned decision-making in a systematic manner during the
establishment, operation, and optimization phases. A key contribution is the
development of a scalable and practical mechanism for transforming statistical
data from mere reporting into greater value as a decision-support tool for
stakeholders.
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INTRODUCTION

The growing presence of Al in most industries is driving
organizations to use Green Al KPIs to make strategic decisions, therefore
altering the way they govern themselves. This change is a direct result of
their voluntary appointment of AI/ESG governance principles, from
compliance to a necessity that dictates not only how organizations will
operate and report but also affects their long-term performance goals. As an
example, all businesses now have a governance structure that connects how
well their technology performs with sustainable goals that they are trying to
achieve as they implement Al technology and formalize ESG practices, in
many cases within the CSRD framework (Domingo, 2025).

Green Al KPIs are highly significant because they represent a critical
path by which organizational-wide sustainability goals will be converted into
identifiable, quantifiable, and actionable units of measurement (Rojahn,
2025). However, previous research indicates there are significant challenges
to developing usable Green AI KPIs; the challenges include a (lack of a
standardized KPI framework to evaluate, the inability to measure the
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negative externalities resulting from Al usage, and the inability to establish
comparability and transparency within Al governance as it aligns with ESG
(Markova-Karpuzova et al., 2024; Xu, 2022). The objective of this study is
to create a capacity-building maturity framework specific to Green Al KPIs,
thereby helping organizations create a process to support their decision-
making process, via their ESG alignment, by adopting Al for sustainable
program objectives (Verdecchia et. al, 2022).

DESIGN REQUIREMENTS FOR AN ESG-ALIGNED GREEN AI KPI
SYSTEM

Creating a green Al key performance indicator (KPI) system that
conforms with environmental, social, and governance (ESG) standards is an
important first step toward integrating sustainability into decision-making
processes that involve artificial intelligence. The goal of this KPI system is to
create a connection between the application of Al technology and the goals of
ESG, which has been a recognized need from both individual and collective
perspectives (Solaimani, 2024). According to these researchers, such a KPI
system should provide a means for consistently evaluating, monitoring, and
governing the impacts of Al thus filling the existing gaps in standards and
transparency (Castellanos-Nieves & Garcia-Forte, 2023). The KPI system will
be built on a robust framework of data governance; this framework will
include an established ESG data taxonomy, as well as an integrated data
architecture linking business systems, supply chain, and sustainability
platforms (Chien et al., 2025). The framework is the basis for the performance
metrics of this system. In light of the lack of clear methods for measuring ESG
factors, it is critical to create clear calculation rules, validation processes, and
lifecycle management processes to ensure the quality and comparability of
ESG data (Adeoye et al., 2024). The architecture used to measure ESG
performance must accommodate both quantitative and qualitative indicators,
allowing for real-time analytics, visualization, and reporting of information
across the entire value chain. Emerging regulatory demands require that
organizations achieve compliance with environmental, social, and governance
(ESG) reporting standards (Juthi et al., 2024). The aggregation and
measurement of ESG data can be improved through the integration of ESG-
related platforms that focus on environmental, social, and governance data
usage, which can enhance the accuracy and efficiency of reporting and
compliance with emerging regulatory demands. The role of artificial
intelligence in such a system cannot be overemphasized since Al enables
sophisticated data processing, pattern recognition, and anomaly detection
while also supporting predictive and real-time ESG performance management
strategies (Martino, 2025). For example, text analytics, sentiment analysis, or

126



QUAESTUS MULTIDISCIPLINARY RESEARCH JOURNAL

satellite monitoring can help improve the assessment of ESG risks and
opportunities. Artificial intelligence should only be integrated in line with the
principles of responsible and sustainable artificial intelligence, which include
transparency, fairness, and regulatory compliance, particularly within
frameworks such as the EU's Artificial Intelligence Act (Neophytou, 2025).
Organizational performance indicators (KPIs) should be structured according
to ESG-related performance metrics. Social KPIs typically measure
stakeholder impact, labor practices, and equity, while environmental KPIs will
measure energy efficiency, emissions, and resource use (Goel, 2025). The two
groups of KPIs are clearly linked, and environmental KPIs are a subset of
social KPIs. Governance KPIs, on the other hand, cover a much broader array
of issues, including ethics, compliance, and data management processes
(Vyhmeister & Castafi¢, 2024). Together, the three groups of KPIs provide
assurance that an organization's activities are consistent with regulatory
expectations. Industry 4.0 and Manufacturing 5.0 are two broad categories of
technologies that organizations should use to operate, report, and manage
supply chain systems that allow for scalable data processing, real-time
monitoring, and transparent ESG reporting (Liu, 2025). To guarantee that ESG
reports are comparable and transparent, organizations must also ensure that
their KPIs are compatible with standard reporting frameworks such as the
Global Reporting Initiative (GRI) and Sustainability Accounting Standards
Board (SASB) (Thanasas & Kampiotis, 2024). Assurance and validation
procedures, including external verification and materiality assessments, must
also be included to establish the integrity of the system. Through these
procedures, an organization can identify and rank stakeholders' ESG impacts
and also gain credibility in ESG reports (Khaddam & Alzghoul, 2025). To be
successful, the system must be developed through ongoing accountability,
responsiveness, and stakeholder engagement. The system must have
continuously refined KPIs aligned with increasingly changing governance
frameworks and maintain regular contact with stakeholders, thereby
improving transparency and accountability (Mat et al., 2025). An ESG-aligned
Green Al KPI system provides the essential foundation for embedding
sustainability considerations into Al-powered decision-making systems while
allowing organizations to systemically connect the technological innovation
to their long-term ESG objectives, providing organizations a distinct
competitive advantage.
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A Framework: Integrating Green Al KPIs into Strategic Decision-
Making for ESG-Aligned AI Governance

Stage two in creating ESG-compliant Green Al KPI systems is
defining how to structurally embed them into decision-making mechanisms.
As artificial intelligence is more widely integrated into day-to-day operations
from an organizational perspective as well as strategically, the way
organizations govern Al also needs to develop to help govern Al consistently
aligned with ESG objectives and the outcomes from sustainability. Currently,
there is no comprehensive ESG maturity model that takes Al governance into
account; therefore, a capability maturity model provides structure towards
implementing such a model (Emme et al., 2022).

The proposed framework consists of a three-phased process to achieve
ESG-aligned Green AI KPI systems. The foundational phase establishes the
core governance and data infrastructure required to implement reliable KPI
systems for Al. Basic data governance processes (i.e., data quality indicators
accuracy, completeness, and compliance) and clearly defined integration of
ESG and Al-related roles and responsibilities are also included (Grant, 2024).

In the operational phase, Green Al KPIs can be embedded into business
processes and within the Al lifecycle governance. At this phase of
implementation, KPIs are aligned with relevant regulatory frameworks (e.g.,
EU AI Act) to demonstrate compliance and trust through clearly defined
performance thresholds. Governance expands to also include social and
governance dimensions such as privacy impact assessments and strategic
oversight requirements being implemented (Fernando-Villamar, 2023). The
optimization phase achieves the highest level of Al governance maturity
through scalable tech-enabled and independently verifiable governance
systems for Al. Advanced ESG platforms combined with Al analytics will
provide automated data processing and reporting, while governance systems
establish transparency in the management of key risks related to algorithmic
bias and uncertainty in the Al model. At the point of reaching this phase,
organizations will have developed evidence-based frameworks established for
external assurance and continuous KPI development in a manner that
demonstrates ESG alignment with legislative and stakeholder requirements
long-term (Artene et al., 2024).

Table 1. identifies a structured capability maturity model that connects
the types of KPIs, the various measurement approaches, and output-related
decision-making at each stage; the framework presented is designed to aid the
operationalization of this framework.
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Table 1. Green Al KPI Capability Maturity Model for ESG-Aligned
Decision-Making

Phase KPI Type KPI Measureme Decision
Example nt Method
Operationa | Energy per kWh per Al adoption
1 KPI Al task query/model decision
Foundation | Data KPI | Data quality | % accuracy Data
al Phase index and readiness
completenes assessment
S
Complianc ESG % Go / No-Go
e KPI compliance | compliance decision
score
Performan | Cost per Al $ per Cost
ce KPI task operation optimization
Operational | ESG KPI CO:2 per emissions | Model/platfor
Phase model usage | per model m selection
Risk KPI Bias bias index Model
detection adjustment
score
Strategic Al composite Long-term
KPI sustainability index investment
Optimizatio index decisions
n Phase ESG- ESG impact | aggregated Portfolio
integrated score ESG impact decision-
KPI making
Governanc Al transparency | Scaling Al
e KPI trustworthine | + fairness solutions
ss score

Source: Authors

The ESG-AI framework currently faces several limitations. A lack of
standardized metrics for ESG and Al governance creates difficulties with
defining KPIs. This in turn makes the comparison between organizations
difficult (Minkkinen et al. 2022). Besides these issues, measuring impacts on
the environment through the externalities that arise from Al will be
challenging.

As organizations increasingly adopt digital ESG platforms, the risk of
algorithmic bias and misinterpreting data increases, which may adversely
affect KPI-based reporting credibility (Tsang et al. 2025). Furthermore,
descriptive evidence suggests that the relationship between organizations
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adopting Al and improving ESG performance is highly contextual, and
therefore, organizations should use a flexible and evidence-based approach to
address these developing standards through experimentation (Stettinger et al.
2024).

The lack of standardized methodologies and credible assurance
processes means that KPIs run the risk of becoming performative rather than
being used to inform decisions, thus reinforcing the need for transparency,
independence, and strong governance.

IMPLEMENTATION ROADMAP AND LIMITATIONS OF GREEN
AI KPI GOVERNANCE

According to the suggested framework for KPIs under Green Al,
implementing KPIs requires an incremental and systematic approach based on
how organizations adopt them, operate them, and develop ongoing governance
processes. This phase will prioritize KPI implementation over model
redefinition. Organizations have challenges with implementing KPI systems
into existing processes, aligning them with regulatory requirements, and
ensuring that data is accessible and reliable. The initial implementation of
KPIs generally occurs with data that is either partially complete or assumed,
requiring incremental adjustments or ongoing validation. In conjunction with
the implementation of KPIs, organizations should integrate KPIs into their
decision-making processes to ensure that goal setting for deploying Als will
occur based on measurable metrics while adhering to privacy, compliance, and
other governance standards, both internally and externally (Lebaea et al.,
2024). Organizations at higher levels of adoption should develop scalable
assurance and reporting structures based on ESG platforms and analytical
tools that provide transparency, traceability, and external validation. Despite
this progress, many fundamental barriers still exist. The lack of uniformity in
the development of ESG and Al standards continues to hinder comparison and
the creation of KPIs. Assessing Al externalities, particularly with respect to
environmental impacts, is methodologically complicated. Increased reliance
on digital ESG platforms carries risk related to algorithmic bias and
misinterpretation of data regarding ESG efforts, which erodes credibility in
reporting. Empirical studies also indicate that relationships between Al
investment and ESG performance are context-dependent and require adaptable
and evidence-based approaches. Where there is no agreed-upon methodology,
to guarantee reliable assurance, KPI systems are likely to become
performative instead of decision-making tools.

CONCLUSION
KPIs (Key Performance Indicators) for Green Al are essential to
developing improved corporate governance regarding strategic decision-
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making through the integration of artificial intelligence into existing ESG
(Environmental, Social, and Governance) governance strategies. As
businesses increase their use of Al in both operations and strategic decision-
making, they must also establish governance frameworks that link
technological change to sustainability objectives. This research indicates that
having effective KPI systems is critical to providing measures, monitoring,
and managing the impact of Al on environmental, social, and governance
dimensions, which is a requirement for alignment.

By using the capability maturity framework, organizations can build
and implement Green Al KPI systems that are aligned with ESG objectives.
By establishing strong data governance processes, using advanced analytical
techniques, developing responsible Al, and reporting to consistent standards,
organizations can move away from fragmented and compliance-based
sustainability management to comprehensive and strategic sustainability
management.

This methodology encourages organizations to integrate KPIs into
their decision-making processes so that the implementation of Al will be done
according to clear performance metrics and with full compliance with all
regulatory and ethical obligations. The research identifies several significant
obstacles that must be overcome in order to ensure the success of these
systems. For example, the lack of a consistent measurement standard will
hinder the ability of different kinds of organizations to benchmark
performance, thereby making it more difficult for them to demonstrate their
performance in comparison to one another. Also, it is extremely challenging
to measure the environmental and social effects of Al systems, and the effect
of algorithmic bias and how data are interpreted may limit the efficacy of
reporting based on KPI metrics.

The research suggests that the introduction of Al and the associated
ESG performance of organizations will depend on the context in which they
operate, suggesting that they should utilize flexible and data-based strategies
rather than generic ones. Furthermore, for KPI-based governance for
sustainability to be effective and trustworthy, it needs credible and trustworthy
processes. Without robust assurance processes, independent verification, and
transparent processes for evaluating performance, KPI systems risk becoming
only tools for measuring performance rather than enabling strategic
transformation, ultimately limiting the success of sustainability programs and
long-term organizational change.

The effectiveness of governance of Green Al KPIs depends on
technological innovation, institutional maturity, compliance with regulations,
and the ability to incorporate sustainability into an organization's core business
processes. The rapidly changing digital and regulatory environment will create
more opportunities for Green Al KPIs to create the link between Al-led
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development and sustainable development, thereby allowing businesses to
enhance their accountability, transparency, and commitment to their overall
strategic direction, which is essential for aligning their operations with
sustainability goals and meeting stakeholder expectations.

While writing the present article, the authors (Irena GEDLE GIORGIS, Tijana DUKIC,
Olgica MILOSEVIC) used ChatGPT in order to translate from Serbian into English. After
using this tool/service, the authors reviewed and edited the content as needed and takes full
responsibility for the content of the published article.
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