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Environmental and Socio-Economic Implications of Green Al: Evaluating
Sustainable Artificial Intelligence Adoption Across Industries
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Abstract

Artificial Intelligence has become a transformative technology across multiple sectors, including
healthcare, agriculture, manufacturing, transportation, and financial services. However, the
increasing dependence on Al-driven systems has raised concerns regarding energy consumption,
environmental degradation, social inequality, and technological accessibility. Green Al provides an
emerging framework for developing artificial intelligence systems that are environmentally
sustainable, economically viable, and socially responsible.

This paper investigates the environmental and socio-economic implications of Green Al adoption
across different industries. It analyses how sustainable Al practices influence carbon reduction,
operational efficiency, resource optimization, and inclusive technological development. The study
evaluates industrial applications of Green Al and identifies challenges associated with
implementation, governance, investment requirements, and digital inequality.

The research proposes a multidimensional sustainability framework integrating environmental
protection, economic efficiency, social inclusion, and ethical governance. The study concludes that
Green Al has the potential to contribute significantly to sustainable development goals by enabling
responsible technological innovation.
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1. Introduction

Artificial Intelligence (Al) has emerged as one of the most influential technologies shaping the
contemporary digital era. Over the past decade, rapid advancements in machine learning, deep
learning, natural language processing, computer vision, and autonomous systems have transformed
the way individuals, organizations, and governments operate. Al has become a central component of
global technological transformation by enabling automated decision-making, predictive analysis,
intelligent systems, and data-driven innovation across diverse sectors.

The integration of Al technologies has created significant advancements in areas such as healthcare,
finance, agriculture, transportation, education, manufacturing, and environmental management. In
healthcare, Al-based predictive systems assist in disease diagnosis, medical imaging analysis, drug
discovery, and personalized treatment planning. In transportation, autonomous vehicles and
intelligent traffic management systems utilize Al algorithms to improve safety, efficiency, and
mobility. Similarly, in agriculture, Al-powered systems support precision farming, crop monitoring,
climate prediction, and resource optimization.

The financial sector has also experienced significant transformation through Al applications such as
fraud detection, algorithmic trading, risk assessment, and automated customer services. In industrial
environments, Al-driven automation has improved production efficiency, predictive maintenance,
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supply chain management, and operational decision-making. These developments demonstrate the
potential of Al to enhance productivity, economic growth, and social welfare.
However, the rapid expansion of Al technologies has also introduced several environmental and
sustainability challenges. While Al provides solutions to many global problems, the computational
requirements associated with developing and deploying advanced Al systems have created new
ecological concerns. Modern Al models, particularly deep learning architectures and large-scale
foundation models, require enormous computational resources, extensive datasets, and specialized
hardware infrastructure.
The major environmental challenges associated with Al expansion include:
1. Rising Electricity Consumption
One of the most significant challenges associated with artificial intelligence is the increasing demand
for electricity. Training and operating advanced Al models require powerful computational
infrastructure, including high-performance processors, graphics processing units (GPUs), and
specialized Al accelerators.
Large-scale Al training processes may involve thousands of computational operations performed
over extended periods, resulting in substantial energy consumption. Data centres supporting Al
applications require continuous electricity not only for computation but also for cooling systems,
storage infrastructure, and network operations.
The increasing adoption of Al services globally has raised concerns regarding the long-term
sustainability of energy-intensive computational systems. Without efficient energy management
strategies, the expansion of Al may contribute significantly to global electricity demand.
2. Increased Carbon Emissions
The energy consumption associated with Al systems directly influences carbon emissions,
particularly when electricity is generated from fossil fuel-based sources. The carbon footprint of Al
includes emissions generated throughout the technology lifecycle, including:

o Hardware manufacturing.

« Data centre operations.

e Model training and deployment.

o Electronic waste disposal.
Training complex Al models requires significant computational power, which may result in
substantial greenhouse gas emissions. Therefore, reducing the carbon footprint of artificial
intelligence has become an important research priority within sustainable technology studies.
Carbon emissions associated with Al have encouraged researchers to develop approaches that
consider environmental impact alongside traditional performance measures such as accuracy and
processing speed.
3. Hardware Waste and Electronic Waste Generation
The rapid development of Al technologies has increased dependence on advanced computing
hardware, including:

e GPUs.
e Al processors.
e Servers.

o Storage systems.
e Specialized computing devices.
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Frequent hardware upgrades and technological obsolescence contribute to increasing electronic
waste (e-waste). Many Al-related hardware components contain valuable but limited natural
resources as well as hazardous materials that require responsible disposal.
The environmental impact of Al hardware extends beyond operational energy consumption and
includes:

o Raw material extraction.

e Manufacturing emissions.

« Transportation impacts.

« Disposal challenges.
Therefore, sustainable Al development requires consideration of the complete hardware lifecycle,
including production, maintenance, reuse, and recycling.
4. Resource-Intensive Computing
Modern Al systems depend on large-scale computational resources, including massive datasets,
extensive storage infrastructure, and high-performance computing environments. The complexity of
Al models has increased significantly, with newer models containing billions of parameters requiring
substantial processing capacity.
Resource-intensive computing creates challenges related to:

« Energy consumption.

« Infrastructure requirements.

e Cooling demands.

o Computational accessibility.
While larger models often provide improved accuracy and capabilities, they also increase
environmental costs. This creates a critical need for developing efficient Al approaches that achieve
high performance with fewer computational resources.
Emergence of Green Al
To address these challenges, the concept of Green Al has emerged as a sustainability-oriented
approach to artificial intelligence development. Green Al focuses on creating Al systems that are not
only accurate and powerful but also energy-efficient, environmentally responsible, and resource-
conscious.
Unlike traditional Al research, which has historically prioritized performance improvement and
accuracy benchmarks, Green Al introduces additional evaluation criteria, including:

o Computational efficiency.
Energy consumption.
Carbon footprint.
Hardware requirements.

e Environmental sustainability.
The fundamental objective of Green Al is to achieve a balance between technological advancement
and ecological responsibility. It promotes the development of Al systems that deliver meaningful
outcomes while minimizing environmental costs.
2. Green Al Applications Across Industries
The integration of Artificial Intelligence (Al) with sustainability principles has created significant
opportunities for improving resource efficiency, reducing environmental impact, and supporting
sustainable development across multiple industries. Green Al extends beyond improving
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computational efficiency of Al systems; it also focuses on applying artificial intelligence to solve
environmental challenges and optimize resource utilization in different sectors.
By combining data analytics, machine learning algorithms, automation, and predictive capabilities,
Green Al enables industries to make informed decisions, reduce waste, improve operational
efficiency, and minimize carbon emissions. Major sectors benefiting from Green Al applications
include healthcare, agriculture, manufacturing, and transportation.
2.1 Green Al Applications in Healthcare Sector
The healthcare sector has witnessed significant transformation through the adoption of artificial
intelligence. Al-based systems are increasingly being used for disease prediction, medical diagnosis,
drug development, and patient management. Green Al contributes to sustainable healthcare by
improving efficiency, reducing unnecessary resource consumption, and enabling technology-driven
healthcare solutions.
Major Applications of Green Al in Healthcare
1. Medical Diagnosis
Al-powered diagnostic systems analyze medical images, laboratory results, and patient data to assist
healthcare professionals in identifying diseases.
Applications include:

o Medical image analysis using deep learning.

o Early detection of diseases.

o Automated interpretation of diagnostic reports.

o Predictive healthcare analytics.
Al-based diagnosis can improve healthcare efficiency by reducing diagnostic delays and minimizing
unnecessary medical procedures.
2. Drug Discovery
Traditional drug discovery processes require significant time, financial investment, and laboratory
resources. Green Al accelerates drug discovery by analyzing biological data and predicting potential
drug candidates.
Al applications include:

e Molecular structure analysis.

e Drug interaction prediction.

o Identification of therapeutic compounds.

o Simulation of clinical possibilities.
These approaches reduce the need for repeated experimental procedures, thereby saving resources
and reducing environmental impact.
3. Patient Monitoring
Al-based monitoring systems enable continuous observation of patient health conditions through
wearable devices, sensors, and remote healthcare platforms.
Applications include:

e Remote patient monitoring.

o Early warning systems.

o Personalized healthcare management.

o Real-time health analysis.
Remote monitoring reduces unnecessary hospital visits and supports efficient healthcare delivery.
Sustainability Benefits of Green Al in Healthcare
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1. Reduced Unnecessary Procedures
Al-assisted diagnosis improves accuracy and reduces unnecessary tests, treatments, and medical
interventions. This leads to:
« Lower resource consumption.
o Reduced healthcare waste.
e Improved patient outcomes.
2. Efficient Resource Allocation
Al helps healthcare organizations optimize:
o Medical equipment usage.
« Hospital capacity planning.
« Staff allocation.
« Medicine distribution.
Efficient resource management contributes to sustainable healthcare systems.
3. Remote Healthcare Delivery
Al-supported telemedicine and remote monitoring reduce the need for physical healthcare visits.
Environmental benefits include:
e Reduced transportation emissions.
« Lower hospital energy consumption.
« Improved healthcare accessibility.
Challenges in Healthcare Green Al
Despite its benefits, Green Al adoption in healthcare faces several challenges:
1. High Computational Requirements
Medical Al systems often require advanced computing infrastructure for processing:
e Medical images.
o Genomic data.
e Large clinical datasets.
This increases energy consumption and computational costs.
2. Data Storage Demands
Healthcare generates massive volumes of sensitive data requiring:
e Secure storage systems.
« Continuous data management.
o Large-scale computing infrastructure.
Sustainable data management strategies are necessary to reduce environmental impact.
2.2 Green Al Applications in Agriculture Sector
Agriculture is one of the most important sectors where Green Al can contribute significantly to
sustainability. Climate change, population growth, and resource limitations have increased the need
for efficient agricultural practices.
Green Al enables farmers and agricultural organizations to optimize resource usage, improve
productivity, and reduce environmental damage.
Major Applications of Green Al in Agriculture
1. Precision Agriculture
Precision agriculture uses Al, sensors, satellite imagery, and data analytics to provide accurate
information about crop conditions.
Al applications include:
e Soil analysis.
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o Crop health monitoring.
e Pest detection.
e Yield prediction.
Precision agriculture enables farmers to apply resources only where required, reducing unnecessary
consumption.
2. Smart Irrigation
Al-based irrigation systems analyze:
e Soil moisture levels.
o Weather conditions.
o Crop requirements.
These systems automatically regulate water usage based on real-time requirements.
Benefits include:
o Reduced water wastage.
o Improved irrigation efficiency.
« Conservation of freshwater resources.
3. Crop Prediction
Al models analyze historical and environmental data to predict:
« Crop yields.
« Disease outbreaks.
o Weather-related risks.
Accurate predictions help farmers make better decisions and reduce agricultural losses.
4. Climate Monitoring
Green Al supports climate-resilient agriculture by analyzing:
e Weather patterns.
« Temperature changes.
« Rainfall variations.
« Environmental conditions.
This enables farmers to adapt agricultural practices according to changing climate conditions.
Sustainability Benefits of Green Al in Agriculture
1. Reduced Water Consumption
Al-based irrigation systems optimize water distribution and reduce excessive irrigation.
Environmental advantages include:
« Conservation of water resources.
« Improved groundwater management.
e Sustainable farming practices.
2. Lower Chemical Usage
Al helps identify specific areas requiring fertilizers or pesticides.
Benefits include:
e Reduced chemical application.
e Lower soil contamination.
« Protection of biodiversity.
3. Increased Productivity
Al-driven agricultural systems improve:
o Crop yield prediction.
« Disease management.
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« Resource utilization.
Higher productivity can be achieved with fewer environmental costs.
2.3 Green Al Applications in Manufacturing Sector
Manufacturing industries consume significant amounts of energy and natural resources. Green Al
supports sustainable industrial development by improving production efficiency, reducing waste, and
optimizing energy usage.
Major Applications of Green Al in Manufacturing
1. Predictive Maintenance
Al-based predictive maintenance systems analyze machine performance data to identify potential
failures before they occur.
Benefits include:
e Reduced equipment downtime.
o Extended machine lifespan.
« Lower maintenance costs.
« Reduced industrial waste.
Predictive maintenance prevents unnecessary replacement of machinery and supports sustainable
manufacturing.
2. Automated Production
Al-powered automation improves manufacturing processes through:
« Intelligent robotics.
o Automated quality inspection.
e Smart production planning.
Automation reduces resource wastage and improves operational efficiency.
3. Energy Optimization
Al systems analyze industrial energy consumption patterns and identify opportunities for efficiency
improvements.
Applications include:
e Smart energy management.
e Automated power control.
e Production scheduling optimization.
Sustainability Benefits of Green Al in Manufacturing
1. Reduced Industrial Waste
Al improves production accuracy and minimizes:
e Material wastage.
e Manufacturing defects.
o EXcess resource consumption.
2. Improved Efficiency
Al-driven optimization helps industries achieve:
« Higher productivity.
« Better resource utilization.
e Reduced energy consumption.
3. Lower Operational Costs
Sustainable Al applications reduce costs through:
o Energy savings.
« Efficient maintenance.
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e Improved production planning.
2.4 Green Al Applications in Transportation Sector
Transportation contributes significantly to global energy consumption and greenhouse gas emissions.
Green Al provides solutions for developing intelligent transportation systems that improve efficiency
and reduce environmental impact.
Major Applications of Green Al in Transportation
1. Intelligent Traffic Management
Al-based traffic systems analyze real-time data from:
« Traffic sensors.
o Cameras.
e GPS systems.
Applications include:
o Traffic flow optimization.
o Congestion prediction.
e Smart signal management.
These systems reduce unnecessary fuel consumption caused by traffic congestion.
2. Electric Vehicle Optimization
Al supports electric vehicle (EV) sustainability through:
« Battery performance optimization.
« Charging management.
« Energy consumption prediction.
Al helps improve EV efficiency and extends battery lifespan.
3. Route Efficiency
Al-powered navigation systems optimize travel routes by considering:
« Traffic conditions.
e Weather patterns.
« Road conditions.
e Vehicle efficiency.
Efficient routing reduces travel time and fuel usage.
Environmental Impact of Green Al in Transportation
1. Reduced Fuel Consumption
Al-based optimization reduces unnecessary fuel use through:
o Efficient routing.
e Smart traffic management.
e Vehicle performance optimization.
2. Lower Emissions
By improving transportation efficiency, Green Al contributes to:
e Reduced greenhouse gas emissions.
e Improved air quality.
« Sustainable mobility systems.
Comparative Overview of Green Al Applications

Sector Major Applications Sustainability Benefits

Medical diagnosis, drug discovery,||Reduced procedures, efficient resource

Healthcare . o .
patient monitoring allocation, remote healthcare
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Sector Major Applications Sustainability Benefits

Precision farming, smart irrigation,|Water conservation, reduced chemicals,

Agriculture - . -
g crop prediction increased productivity

Predictive maintenance, automation,||Reduced waste, improved efficiency, lower

Manufacturing .
energy optimization costs

Traffic management, EV optimization,

. Reduced fuel consumption, lower emissions
route planning

Transportation

3. Socio-Economic Implications of Green Al
The adoption of Green Al has implications that extend beyond technological and environmental
considerations. While Green Al primarily focuses on reducing the ecological impact of artificial
intelligence systems, its influence also extends to economic development, employment structures,
social inclusion, and global technological equality.
As artificial intelligence becomes increasingly integrated into industries, governments, and social
systems, Green Al has the potential to create new economic opportunities while supporting
sustainable development. However, its adoption also introduces challenges related to workforce
transformation, unequal access to technology, and infrastructure limitations, particularly in
developing economies.
A balanced approach is therefore required to ensure that the benefits of Green Al are distributed
equitably while minimizing potential social disruptions.
3.1 Economic Benefits of Green Al
Green Al contributes significantly to economic sustainability by improving operational efficiency,
reducing resource consumption, and enabling innovative business models. Organizations adopting
sustainable Al practices can achieve economic advantages while simultaneously reducing
environmental impacts.
The major economic benefits of Green Al include:
3.1.1 Reduced Energy Costs
One of the most direct economic advantages of Green Al is the reduction in energy consumption
associated with computational activities.
Traditional Al systems often require extensive computing resources, leading to high electricity costs
for:

o Data centres.

o Cloud infrastructure.

e Al training operations.

e Industrial computing systems.
Green Al techniques such as:

o Energy-efficient algorithms.

e Model optimization.

o Lightweight Al models.

« Efficient hardware utilization.
help reduce computational energy requirements.
Economic Impact:

o Lower operational expenses.
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« Reduced infrastructure costs.

o Improved profitability for organizations.

o More efficient use of energy resources.
For businesses operating large-scale Al systems, energy efficiency can significantly reduce long-
term technology-related expenses.
3.1.2 Improved Productivity
Green Al enhances productivity by enabling organizations to optimize processes, automate repetitive
tasks, and improve decision-making.
Al-driven sustainability applications contribute to productivity improvements through:

o Predictive analytics.

o Intelligent resource management.

e Automated workflows.

o Real-time decision support.
Examples include:

o Manufacturing industries using Al for predictive maintenance.

o Agriculture using Al for precision resource management.

« Transportation systems using Al for route optimization.
Improved productivity allows organizations to achieve higher output while using fewer resources.
3.1.3 Sustainable Business Models
Green Al encourages the development of environmentally responsible business models that combine
technological innovation with sustainability objectives.
Organizations can create value through:

e Green technology services.

o Energy-efficient Al solutions.

o Sustainable cloud computing.

o Circular economy practices.
Businesses adopting Green Al can improve:

e Environmental performance.

o Corporate reputation.

« Regulatory compliance.

o Market competitiveness.
Sustainable business models demonstrate that economic growth and environmental responsibility can
operate together.
3.2 Employment Transformation
The growth of Green Al is expected to significantly transform employment patterns across
industries. Artificial intelligence is changing the nature of work by automating certain activities
while creating new opportunities in emerging technology fields.
The employment impact of Green Al has two major dimensions:

1. Creation of new technology-oriented employment opportunities.

2. Transformation or disruption of traditional employment structures.
3.2.1 Creation of New Technology-Oriented Jobs
Green Al development requires skilled professionals capable of designing, implementing, and
managing sustainable Al systems.
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New employment opportunities are emerging in areas such as:
1. Al Engineering
Professionals involved in:

e Al model development.

e Machine learning optimization.

o Sustainable algorithm design.
2. Green Computing Specialists
Experts focusing on:

« Energy-efficient computing.

« Sustainable infrastructure.

« Green data centre management.
3. Data Sustainability Professionals
Roles involving:

e Responsible data management.

o Data efficiency.

e Environmental impact assessment.
4. Al Ethics and Governance Experts
Professionals working on:

« Responsible Al policies.

o Transparency frameworks.

e Sustainability standards.
These emerging fields demonstrate that Green Al can contribute to the growth of technology-driven
employment.
3.2.2 Impact on Traditional Employment Patterns
While Al creates new opportunities, it may also influence existing employment structures by
automating certain tasks and changing skill requirements.
Potential impacts include:

e Reduction of repetitive manual tasks.

o Transformation of traditional job roles.

e Increased demand for digital skills.

« Need for continuous professional development.
Industries most affected may include:

e Manufacturing.

o Transportation.

o Administrative services.

e Customer support.
The challenge is not only technological adoption but also ensuring that workers can successfully
transition into new employment opportunities.
3.2.3 Importance of Skill Development
Skill development is essential for ensuring that the benefits of Green Al are widely accessible.
Important skill areas include:

« Artificial intelligence and machine learning.

o Data analysis.

e Cloud computing.

« Sustainable technology management.
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« Digital literacy.
Governments, educational institutions, and industries need to collaborate to develop training
programs that prepare the workforce for Al-driven economic transformation.
Effective skill development can reduce employment disruption and enable inclusive participation in
the digital economy.
3.3 Digital Inclusion and Green Al
Although Green Al provides significant opportunities, its adoption must address issues of digital
inequality. Access to advanced Al technologies is not equally distributed across regions, countries,
and social groups.
Digital inclusion is therefore a critical factor in ensuring that Green Al contributes to sustainable and
equitable development.
3.3.1 Access Inequality
One major challenge is unequal access to:
e High-speed internet.
« Digital devices.
e Al-based services.
e Advanced computing infrastructure.
Developed economies often have greater technological resources, while developing regions may face
limitations in adopting Al-driven solutions.
Without addressing access inequality, Green Al may increase existing digital divides.
3.3.2 Infrastructure Gaps
Successful implementation of Green Al requires reliable technological infrastructure, including:
« Data centres.
e Renewable energy systems.
« Digital networks.
« Computing resources.
Many developing countries face challenges such as:
o Limited internet connectivity.
e Unstable electricity supply.
« High technology costs.
o Lack of technical expertise.
Infrastructure development is therefore essential for ensuring broader participation in Green Al
adoption.
3.3.3 Challenges for Developing Countries
Developing countries face unique challenges in adopting Green Al due to economic and
technological limitations.
Major concerns include:
1. High Initial Investment Costs
Sustainable Al infrastructure often requires significant investment in:
e Hardware.
e Renewable energy systems.
e Research capabilities.
2. Limited Technical Expertise
Many regions require greater investment in:
e Al education.

International Research Journal of Management Science & Technology
http: //www.irjmst.com Page 85



http://www.irjmst.com/

IRIMST Vol 17 Issue 5 [Year 2026] ISSN 2250-1959 (Online) 2348 —9367 (Print)

« Research institutions.
o Professional training.
3. Dependence on External Technologies
Developing economies may depend heavily on foreign Al platforms and infrastructure, creating
challenges related to:
e Technology ownership.
o Data sovereignty.
e Long-term sustainability.
3.4 Strategies for Inclusive Green Al Development
To maximize the socio-economic benefits of Green Al, several strategies are required:
1. Affordable Technology Access
Governments and organizations should promote:
e Open-source Al tools.
o Affordable computing resources.
o Accessible digital infrastructure.
2. Investment in Education and Training
Educational systems should incorporate:
e Al literacy.
« Green computing concepts.
« Sustainability-focused technology education.
3. Public-Private Partnerships
Collaboration between governments, industries, and research institutions can support:
o Sustainable infrastructure development.
« Innovation programmes.
o Skill development initiatives.
4. Support for Developing Economies
International cooperation can help developing countries access:
o Sustainable technologies.
e Technical expertise.
e Research opportunities.
Summary Table: Socio-Economic Implications of Green Al

Dimension Opportunities Challenges
. Lower ener Costs, roductivity|High initial investment
Economic Impact ||. 9y . . P i .
improvement, sustainable businesses requirements
L . Displacement of some traditional
Employment New Al and sustainability-related jobs roleps
Skills . : . . .
Growth of digital and technical skills Need for continuous learning

Development

Infrastructure and affordability
gaps

Technology dependency and
resource limitations

Digital Inclusion |[Improved access to sustainable technologies

Developing

. Opportunities for sustainable growth
Countries PP g
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6. Proposed Sustainability Evaluation Model for Green Al
The rapid expansion of Artificial Intelligence has created the need for a comprehensive evaluation
framework that measures not only technological performance but also environmental, economic,
social, and ethical outcomes. Traditional Al evaluation methods generally focus on accuracy, speed,
and efficiency; however, sustainable Al requires a broader assessment approach that considers the
complete impact of Al systems throughout their lifecycle.
The proposed Sustainability Evaluation Model for Green Al provides a multidimensional
framework for assessing whether Al systems contribute to sustainable technological development.
The model evaluates Al applications through four major dimensions:

1. Environmental Indicators

2. Economic Indicators

3. Social Indicators

4. Ethical Indicators
This integrated approach ensures that Al systems are evaluated not only on their computational
capabilities but also on their ability to support environmental protection, economic efficiency, social
inclusion, and responsible innovation.
6.1 Environmental Indicators
The environmental dimension evaluates the ecological impact of Al systems. Since Al technologies
require significant computational resources, measuring their environmental performance is essential
for sustainable development.
The major environmental indicators include:

1. Energy Consumption

2. Carbon Emissions

3. Resource Utilization
6.1.1 Energy Consumption
Energy consumption is one of the most important indicators for evaluating Green Al sustainability.
Al systems require energy throughout different stages, including:

« Data collection.

e Model training.

e Model testing.

e Deployment.

e Continuous operation.
Large-scale Al models may consume substantial electricity due to:

e High-performance computing requirements.

e GPU-based processing.

« Data centre operations.

e Cooling infrastructure.
Evaluation Parameters:
Energy consumption can be measured through:

o Electricity usage during model training.

o Energy required for inference operations.

o Power efficiency of hardware.

e Energy consumption per computational task.
Sustainability Objective:
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The goal is to develop Al systems that achieve high performance while requiring minimum energy
resources.
Improvement Strategies:
« Energy-efficient algorithms.
o Lightweight Al models.
o Efficient hardware.
« Renewable energy-powered computing infrastructure.
6.1.2 Carbon Emissions
Carbon emissions measure the greenhouse gas impact associated with Al development and
operation.
The carbon footprint of Al includes emissions generated from:
o Electricity consumption.
o Hardware manufacturing.
« Data centre operations.
o Electronic waste disposal.
Evaluation Parameters:
Carbon impact can be assessed through:
o Carbon emissions generated during Al training.
« Carbon intensity of electricity sources.
o Lifecycle emissions of hardware.
« Environmental impact of data centres.
Sustainability Objective:
The aim is to reduce the carbon footprint of Al systems through cleaner energy sources and efficient
computational practices.
Improvement Strategies:
e Renewable energy adoption.
e Carbon-aware workload scheduling.
o Sustainable cloud computing.
« Carbon monitoring systems.
6.1.3 Resource Utilization
Resource utilization evaluates how efficiently Al systems use technological and physical resources.
Important resources include:
« Computing power.
« Storage capacity.
o Data resources.
e Hardware components.
e Network infrastructure.
Evaluation Parameters:
o Computational efficiency.
o Hardware utilization rate.
o Data efficiency.
o Storage optimization.
Sustainability Objective:
Al systems should maximize value from available resources while minimizing unnecessary
consumption.
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Improvement Strategies:
« Data minimization.
e Model optimization.
« Efficient storage systems.
e Resource-aware computing.
6.2 Economic Indicators
The economic dimension evaluates the financial sustainability and business value created by Green
Al systems.
The major economic indicators include:
1. Cost Efficiency
2. Productivity Improvement
6.2.1 Cost Efficiency
Cost efficiency measures whether Al systems can achieve desired outcomes while reducing
operational expenses.
Al implementation involves costs related to:
o Hardware infrastructure.
e Cloud computing services.
« Energy consumption.
« Data management.
Green Al improves cost efficiency by reducing unnecessary computational requirements.
Evaluation Parameters:
o Energy cost reduction.
o Infrastructure optimization.
« Lower maintenance expenses.
« Improved resource management.
Sustainability Objective:
The objective is to create Al systems that are economically viable while maintaining environmental
responsibility.
6.2.2 Productivity Improvement
Productivity improvement measures how effectively Al contributes to organizational performance.
Green Al can enhance productivity through:
e Automation.
o Predictive analytics.
« Intelligent decision-making.
e Process optimization.
Evaluation Parameters:
e Time savings.
e Operational efficiency.
e Improved decision accuracy.
e Increased output.
Sustainability Objective:
The goal is to achieve higher productivity without increasing environmental costs.
6.3 Social Indicators
The social dimension evaluates how Green Al affects individuals, communities, and society.
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Sustainable Al should not only reduce environmental impact but also ensure that technological
benefits are accessible and inclusive.
The major social indicators include:
1. Accessibility
2. Employment Impact
3. Digital Equality
6.3.1 Accessibility
Accessibility measures whether Al technologies are available and usable by diverse populations.
Important factors include:
o Availability of Al services.
o Affordability.
o User-friendly design.
o Accessibility for disadvantaged communities.
Evaluation Parameters:
o Number of users benefiting from Al solutions.
o Availability in different regions.
« Digital infrastructure support.
Sustainability Objective:
Green Al should contribute to inclusive technological development rather than increase inequality.
6.3.2 Employment Impact
Al adoption influences employment patterns by creating new opportunities while transforming
existing jobs.
The employment indicator evaluates:
Positive Impacts:
o Creation of Al-related jobs.
o Growth of sustainability-focused careers.
e Increased demand for digital skills.
Potential Challenges:
e Automation of repetitive tasks.
« Changing workforce requirements.
e Need for reskilling.
Evaluation Parameters:
« New employment opportunities created.
e Workforce transition support.
o Skill development initiatives.
6.3.3 Digital Equality
Digital equality ensures that the benefits of Green Al are distributed fairly across different regions
and social groups.
Challenges include:
« Unequal internet access.
« Infrastructure limitations.
« Economic barriers.
Evaluation Parameters:
e Technology accessibility.
e Availability of digital education.
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e Inclusion of developing regions.
Sustainability Objective:
Green Al should support equitable digital transformation.
6.4 Ethical Indicators
Ethical evaluation ensures that Al systems operate responsibly and align with social values.
The ethical dimension includes:
1. Transparency
2. Accountability
3. Fairness
6.4.1 Transparency
Transparency refers to the ability to understand how Al systems are developed and how decisions are
generated.
Important aspects include:
« Explainable Al models.
e Clear documentation.
o Disclosure of environmental impact.
Evaluation Parameters:
« Auvailability of Al system information.
o Clarity of decision-making processes.
« Reporting of sustainability performance.
6.4.2 Accountability
Accountability ensures that organizations remain responsible for the impacts of Al systems.
It includes:
o Clear responsibility structures.
« Ethical monitoring mechanisms.
o Sustainability reporting.
Evaluation Parameters:
« Compliance with regulations.
« Environmental responsibility.
« Responsible Al governance practices.
6.5 Integrated Sustainability Evaluation Matrix

Dimension Indicators Evaluation Focus

Energy consumption, carbon emissions,||[Ecological impact and resource

Environmental . . .
resource utilization efficiency

Financial sustainability and

Economic Cost efficiency, productivity improvement . .
organizational benefits

Accessibility, employment impact, digital|Social inclusion and workforce

Social . .
equality transformation

Responsible and  trustworthy Al

Ethical Transparency, accountability, fairness
P y y development

7. Future Research Directions
The rapid growth of Artificial Intelligence (Al) has created significant opportunities for innovation
but has also introduced challenges related to energy consumption, carbon emissions, hardware

International Research Journal of Management Science & Technology
http: //www.irjmst.com Page 91



http://www.irjmst.com/

IRIMST Vol 17 Issue 5 [Year 2026] ISSN 2250-1959 (Online) 2348 —9367 (Print)

dependency, and digital inequality. Green Al represents an emerging research area that aims to
balance technological advancement with environmental sustainability, economic efficiency, and
social responsibility. Future research should focus on developing Al systems that are not only
powerful but also efficient, ethical, and environmentally responsible.

7.1 Development of Standardized Green Al Measurement Systems

A major challenge in sustainable Al is the absence of universally accepted methods for measuring
environmental impact. Existing Al evaluation mainly focuses on accuracy, speed, and performance,
while sustainable Al requires additional indicators such as energy consumption, carbon emissions,
computational efficiency, hardware utilization, and lifecycle impact.

Future research should develop standardized Green Al evaluation frameworks to measure carbon
footprints, compare sustainability performance of Al models, establish benchmarks, and promote
responsible Al development.

7.2 Renewable-Energy-Powered Al Infrastructure

The increasing computational requirements of Al demand sustainable energy solutions. Future
research should focus on renewable-energy-powered Al infrastructure, including solar-powered data
centres, renewable cloud computing, and carbon-aware workload management.

Al systems can reduce environmental impact by scheduling computational tasks during periods of
high renewable energy availability and shifting workloads toward cleaner energy regions.

7.3 Sustainable Al Hardware Development

Al relies heavily on GPUs, Al processors, and data centre infrastructure, which require significant
energy and natural resources. Future research should focus on energy-efficient processors,
sustainable semiconductor manufacturing, and improved hardware lifecycle management.
Approaches such as hardware reuse, recycling, longer device lifespan, and circular economy
practices can reduce electronic waste and improve Al sustainability.

7.4 Development of Low-Resource Al Models

Large Al models require extensive computational resources, limiting accessibility and increasing
environmental costs. Future research should develop lightweight Al models using techniques such as
model compression, pruning, quantization, and knowledge distillation.

Efficient algorithms and edge Al solutions for mobile devices, 10T systems, and embedded platforms
can reduce energy consumption while expanding Al accessibility.

7.5 Development of Al Governance Policies

Sustainable Al requires effective governance frameworks that address environmental, ethical, and
social concerns. Future policies should focus on Green Al standards, sustainability reporting,
responsible Al practices, and environmental regulations throughout the Al lifecycle.

Collaboration among governments, industries, and international organizations is necessary to
promote environmentally responsible Al innovation.

7.6 Integration of Sustainability and Ethical Al Research

Future Green Al research should combine environmental sustainability with ethical considerations.
Important areas include fair access to Al technologies, reduction of digital inequality, responsible
data management, transparency, and accountability.

A sustainable Al ecosystem must ensure that technological progress benefits society while
minimizing social risks.

7.7 Development of Circular Al Ecosystems
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Future research should incorporate circular economy principles into Al development by promoting
hardware reuse, component recycling, sustainable manufacturing, and electronic waste reduction.
Circular Al ecosystems can minimize resource depletion and reduce the environmental impact of Al
hardware expansion.

8. Conclusion

Green Al represents a necessary evolution in the development of artificial intelligence. As Al
technologies continue to expand across industries and societies, sustainability must become a
fundamental principle guiding their design, deployment, and governance. The future of artificial
intelligence cannot be measured only by computational power, accuracy, or speed; it must also be
evaluated through its environmental impact, social contribution, and ethical responsibility.

The increasing energy requirements of Al systems, rising carbon emissions, hardware dependency,
and electronic waste generation highlight the importance of developing sustainable Al approaches.
Green Al provides a pathway for addressing these challenges by promoting energy-efficient
algorithms, sustainable infrastructure, responsible data management, and environmentally conscious
innovation.

The successful adoption of Green Al requires collaboration among multiple stakeholders, including
researchers, governments, industries, policymakers, and communities. Researchers must develop
efficient models and sustainable computing techniques, industries must adopt environmentally
responsible practices, governments must establish supportive policies, and communities must
participate in responsible technology adoption.

The integration of sustainability principles into Al frameworks can enable societies to achieve
technological advancement while maintaining ecological balance. By promoting renewable energy
utilization, efficient computational methods, ethical governance, and inclusive digital development,
Green Al can contribute significantly to sustainable digital transformation.

Ultimately, the future of artificial intelligence depends not only on creating smarter machines but
also on ensuring that these systems operate responsibly within environmental and social boundaries.
Green Al provides the foundation for a future where technological innovation and sustainability
progress together, enabling a more efficient, ethical, and environmentally responsible digital society.
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