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Abstract 

Purpose: This paper examines the ways in which green computing 

can be practiced sustainably to enhance environmental and 

operational performance of high density AI systems. The study 

centers on energy-saving hardware, high-tech cooling, renewable 

energy, and smart workload optimization and explores the mediation 

of the effects by green data center management. Methodology:  The 

quantitative design was employed, which comprised the collection of 

data among 350 IT managers and data center administrators who 

work with high-density AI infrastructures. The questionnaire that 

was used contained validated scales and involved the participants in 

a structured questionnaire. Partial Least Squares Structural 

Equation Modeling (PLS-SEM) in SmartPLS 4 was used to test the 

proposed conceptual model and hypotheses, which provided an 

opportunity to test the measurement reliability and the structural 

relationships between the constructs. Results: The analysis indicates 

that green data center management is heavily dependent on the 

practices of green computing and supports better performance of the 

AI system. The integration of renewable energy and energy-saving 

hardware produce the largest positive impact on sustainable 

operations, and the optimization of the workload intelligently and 

high-tech cooling technologies further increase the efficiency of the 

system. This paper validates that the relationship between 

sustainable AI performance and green computing practices is 

mediated by green data center management. Implications:  The 

results contribute both to the existing empirical literature on the 

topic of Green AI and sustainable computing and show that 

integrated green infrastructure can significantly improve the 

environmental sustainability of AI systems. In practice, the findings 

highlight the importance of switching to renewable-powered data 

centers, energy-efficient hardware designs, and smart-resource 

management. The insights are useful in assisting organizations, 

policy makers, and developers to create sustainable AI ecosystems 

that can accommodate increasing computational needs and reduce 

environmental impact. 
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1. Introduction 

Artificial intelligence (AI) is one of the most important 

agents of digital transformation in all industrial sectors, 

such as finance, healthcare, transportation, and 

manufacturing. Although AI technologies are embraced 

in organizations to automate the decision-making 

process, support operational efficiency, and advance 

service provision, their application is growing in 

popularity. Nevertheless, the fast development of AI 

technologies of the type of large language models, 

generative AI, and deep learning systems has caused an 

unparalleled rise in computational load. These advanced 

AI models take huge amounts of data in the form of 

training and deploying and demand powerful processing 

units and continuous computational processes (Qadri, 

2026). Subsequently, the creation of high-density AI 

infrastructures has occurred, which are massive data 

centers with thousands of graphics processing units 

(GPUs), tens of processing units, and specialized 

accelerators that use huge amounts of electricity and 

produce significant amounts of heat (Patel, S, 2021). 

In 2024 some of the estimated 415 terawatt-hours 

(TWh) of electricity used in global data centers was 

about 1.5 percent of the overall consumption of 

electricity across the globe. This number will continue 

to increase since AI technologies will continue to grow 

in their various fields of application (Masanet et al., 

2020). The increase in the size of generative AI models 

like large language models has led to a rise in 

computing resources since the training of a single large 

model may take weeks or months to finish using 

thousands of GPUs. As a result, AI-powered data 

centers are emerging as one of the rapid infrastructural 

growth points of the digital economy in regards to 

electricity use. 

Furthermore, there are estimates that the overall 

electricity consumption of data centers will grow by 

almost 2-folds by 2030 as a result of the exponential 

growth of AI systems and cloud computing solutions 

(Yang et al., 2025). Thick AI infrastructure is also a 

major source of thermal complexity as intense 

processors generate much heat when computing. 

Surveying the need to sustain the optimum operating 

conditions and eliminate hardware failure, data centers 

are strongly dependent on the latest cooling systems, 

including the liquid cooling, immersion cooling, and 

high-efficiency ventilation technologies. Although these 

cooling solutions enhance performance and reliability, 

they also add to the energy use and environmental 

impact (Peykani et al., 2026). In addition to the 

electricity use, the issue of environmental effects of AI 

infrastructure also affects carbon emissions, water use 

and e-waste. Fossil based electricity in data centres can 

be a major source of greenhouse gas emission and 

people are worried on the sustainability of massive AI 

implementation. Moreover, in most data centers, cooling 

systems are water-intensive, and thus this may cause 

further environmental stresses especially in areas where 

the water supply is already scarce (Kaack et al., 2022). 

Under these circumstances, the idea of green computing 

has become a very important tool of the sustainable 

development of artificial intelligence technologies. 

Green computing is aimed at the design of energy-

saving hardware, software algorithms, using renewable 

energy sources, and enhancing data center management 

in the direction of minimizing impact on the 

environment. Sustainable green computing practices 

may assist organizations to strike a balance between 

technology and environment in the circumstances of the 

high-density AI systems (Reis, 2025) Companies can 

greatly minimize the environmental footprint of AI 

systems and ensure high-computational capacities by 

using processors that are energy efficient, driven by 

renewable energy sources, computing strategies that 

consider carbon effects, and artificial intelligence-based 

energy management systems (Paul et al., 2023; 

Schwartz et al., 2020). Hence, green computing 

sustainable development solutions have turned out to be 

a crucial concern to all researchers, policymakers and 
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technology companies that aim to promote the long-term sustainability of the AI ecosystem.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Literature Review  

The modern computing infrastructures are changing due 

to AI technologies but at a price, as their requests on 

computational powers are increasing, posing serious 

concerns regarding the use of energy, environmental 

sustainability, and carbon emissions. As a result, 

scholars and practitioners pay more and more attention 

to green computing in order to minimize the 
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environmental footprint of the high-density AI systems. 

Green computing is the design, production and use, as 

well as disposal of computing systems in a manner that 

ensures a reduced environmental impact and a higher 

energy efficiency  (Ganesh & Srinivasa Rao, 2025). 

Green AI emphasizes that the algorithms and 

computational models should be energy-efficient and 

that they should consume fewer resources without 

affecting performance (Schwartz et al., 2020). This 

emphasis is crucial since the AI systems of the present 

day require enormous amounts of computer resources to 

train and make inferences. As an example, the training 

of large-scale deep-learning models is energy-intensive 

in the form of electricity, and emits a lot of carbon. 

Energy-efficient data center infrastructure and hardware 

is another important area of research. The workloads 

with high density in AI need high-performance 

processors, such as GPUs, TPUs, and dedicated 

accelerators, which are very powerful but also consume 

high power. (Peykani et al., 2026) state that the use of 

energy-efficient processors and efficient hardware 

architectures can significantly decrease the use of 

energy in AI data centers. More optimizations at the 

hardware level, including dynamic voltage scaling and 

energy-conscious processor design, can achieve a 

greater efficiency in computing with the same output. 

The cooling systems are also important in the 

maintenance of a high density AI systems (Bharany et 

al., 2022). The processors are very fast and require 

continuous use which causes a lot of heat production in 

data centers. The conventional air-based cooling is 

usually ineffective and it uses a lot of electricity. 

Researchers have thus investigated other cooling 

technologies like liquid cooling, immersion cooling and 

AI based cooling management system. They are low-

energy consumption methods that ensure the optimum 

temperatures (Paul et al., 2023). 

The other significant aspect of sustainable computing is 

the integration of renewable energy in the operation of 

data centers. The use of solar, wind, or hydroelectric-

powered data centers by renewable energy is an 

effective way to limit carbon emission levels related to 

AI infrastructure. According to (Kaack et al., 2022), the 

association of renewable energy with smart energy 

management systems will significantly reduce the 

environmental impact of big computing. To operate 

their AI and cloud infrastructure, technology enterprises 

invest more in renewable initiatives. Carbon-conscious 

computing and optimization of workload is also brought 

up by the recent studies. Carbon-conscious scheduling 

enables AI workloads to be executed when the 

availability of renewable is great or when the grid 

emissions are minimal. According to (Yang et al., 

2025), smart scheduling of workloads has the potential 

of reducing the carbon intensity of AI-related operations 

without compromising efficiency. This method uses AI 

together with the energy management system to 

streamline the resources distribution. Other initiatives 

that can be used to support sustainable computing 

practices beyond technology include organizational and 

policy initiatives. The green IT policies are encouraged 

by governments and international organizations whereby 

companies are encouraged to implement greener 

infrastructures. Sustainable data center frameworks, 

environmental reporting frameworks, and energy 

efficiency regulations encourage the investment in 

greener technology (Masanet et al., 2020). Regardless of 

these developments, there are still a number of issues. 

The barriers to using sustainable solutions may include a 

high initial cost, technical complexity, and insufficient 

infrastructure of renewable options (Chauhan et al., 

2025). In addition, the efficiency improvements could 

be compensated by the ongoing proliferation of AI 

applications. The researchers thus urge to have 

integrated strategies to include optimization of 

hardware, renewable energy, smart software and 

supportive policy. 

In general, the literature indicates that sustainable green 

computing is critical to the control of the environmental 

impact of high-density AI systems. Organizations can 
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minimize the ecological footprint of AI infrastructures 

by implementing energy-efficient hardware and state of 

the art cooling, renewable energy, and carbon-conscious 

practices (Umar et al., 2023). New technologies and 

policy mechanisms that will allow sustainable AI 

ecosystems further should be examined in future studies. 

2.1 Concept of Green Computing in the AI Era 

Green computing deals with the design, development, 

operation and disposal of computing systems. It focuses 

on minimizing environmental effects as well as 

increasing energy efficiency. Such priorities are the 

elimination of power consumption, the use of the entire 

hardware in its full capacity, and responsible practices 

throughout the lifecycle of a digital technology (Wang 

et al., 2025). The high rate of AI development has 

increased the necessity to have sustainable computing. 

There is no energy savings and more carbon emissions if 

the high-density AI systems are not operated using 

green strategies (Schwartz et al., 2020). AI worlds are 

based on a number of strategies to increase 

sustainability. These consist of power efficient hardware 

and processors like advanced GPUs, TPUs and artificial 

intelligence (AI) accelerators. They produce high 

performance at a reduced use of energy. High-

performance computing energy efficiency can be 

enhanced using such methods as dynamic voltage 

scaling, workload consolidation, and virtualization 

(Peykani et al., 2026). The other important aspect of 

green computing is optimization of algorithms and 

models. The current AI models require massive datasets 

to be trained and it consumes a lot of compute power. 

Green AI concentrates on less complex algorithms that 

retain their precision and reduce complexity. Efficient 

neural architectures, model pruning and federated 

learning are some practices that cause less energy usage 

during training and deployment (Schwartz et al., 2020). 

Large AI workloads need sustainable data center 

infrastructures. In modern centers, the designs of the 

servers are efficient in consuming energy, intelligent 

power delivery, and cooling. According to (Masanet et 

al., 2020), better hardware use and cooling reduce the 

global data center energy requirement. Green computing 

involves the use of renewable energy. Solar, wind and 

hydro-generated data centers decrease the consumption 

of fossil fuel and carbon emissions. Sustainable energy 

is increasingly becoming relevant due to the fact that 

many technological companies invest in renewable 

projects to serve their cloud and AI plans (Paul et al., 

2023). 

Lifecycle management of equipment is also carried out 

in green computing. This is sustainable production, 

responsible disposal of e-wastes, and recycling of 

hardware. Having a good lifecycle management, the 

device can remain useful as long as possible and be 

minimally impactful on the environment during disposal 

and recycling. Sustainable computing aims at software, 

hardware, and algorithm innovations in AI in order to 

reduce energy consumption and carbon emissions. 

Combination strategies enable organizations to develop 

the Green AI infrastructure that would facilitate high-

density workloads without significant environmental 

expenditure. In such a way, green computing is one of 

the long-term sustainability strategies in the changing 

ecosystem of AI (Kaack et al., 2022; Yang et al., 2025). 

2.2 Environmental Challenges of High-Density AI 

Systems 

The fast advancement of artificial intelligence (AI) 

technologies has created high-dense computing 

infrastructures that are able to handle large amounts of 

information, as well as execute complicated machine 

learning tasks. These facilities, which are usually 

present in the massive data centers, are based on high-

performance computing devices like graphics processing 

unit (GPUs), tensor processing unit (TPUs) and 

purpose-specific accelerators. As the technologies allow 

sophisticated AI features, they also introduce serious 

problems in the context of environmental impact in 

terms of energy consumption, heat production, and 

carbon emissions. With the adoption of AI that 

continues to expand across the globe, the need to 
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address these issues about the environment has been a 

critical topic among researchers and technology 

institutions. 

Among the most notable changes in the environment 

that are linked to high-density AI is the rising level of 

energy consumption. The training and inference of AI 

models, in particular, deep learning systems and large 

language models, has high computational requirements. 

The expenses of training high-quality AI models can 

include thousands of processors that operate on a 

continuous basis and during longer periods of time, 

which increases power consumption tremendously. 

(Masanet et al., 2020) state that there has been 

continuous growth in the energy consumption of data 

center servers across the globe owing to the rising pace 

of cloud applications and AI. With the increasing 

number of AI technologies in organizations, data centers 

will consume a greater portion of the total electricity in 

the world, which brings up the question of sustainability 

of digital infrastructures. The other significant issue will 

be heat production and cooling needs. High-

performance processors generate a lot of heat when used 

and in particular when they are used to perform 

intensive AI workloads. To ensure peak functionality 

and avoid hardware damage, data centers are based on 

advanced cooling. Conventional types of air cooling 

systems can be very demanding in terms of electricity 

usage that further adds to the use of energy. As a result, 

the ineffective cooling systems may contribute greatly to 

the decreased efficiency of AI systems compared to 

energy, as well as to the operation costs (Peykani et al., 

2026). Due to the increasing workload of AI, advanced 

methods of cooling like liquid and immersion cooling 

technologies are becoming increasingly more necessary. 

Along with energy and cooling issues, carbon emissions 

and environmental sustainability are also the biggest 

concerns related to large-density AI architectures. Most 

data centers rely on the electricity produced by fossil 

power, a factor that promotes the greenhouse gas 

emission and climate change. Studies indicate that super 

computing systems may produce massive carbon 

footprints in case renewable energy sources are not 

incorporated in their systems (Rani, P et al., 2025). 

(Schwartz et al., 2020) point out that the environmental 

effects of the AI systems need to be taken into account 

when developing and deploying them, which is the only 

way to achieve responsible technological development. 

The other arising problem is the water usage in data 

center processes. To control the temperatures in the 

cooling systems of largest data centers, much water is 

required to ensure efficient operation. This puts more 

strain on the water resources particularly in those areas 

that are already strained. (Kaack et al., 2022) mention 

that the environmental footprint of AI infrastructures 

must be considered not only through the prism of energy 

consumption but also the water usage and the overall 

ecological effects. Moreover, the development of AI 

technologies is rapidly growing, which also generates 

electronic waste (e -waste) as electronic parts are 

frequently advanced. Therefore, the high-performance 

computing equipment is easily outdated with the arrival 

of new processors and accelerators. Unless properly 

recycled and managed by means of lifecycle, abandoned 

hardware may pose a serious threat to the environment 

(Paul et al., 2023). On the whole, the ecological issues 

that surround the high-dense AI systems create the need 

to develop sustainable computing practices urgently. To 

change the trend of increasing energy usage, heat 

generation, carbon emission, water usage, and electronic 

waste, the use of green computing technologies and 

managing the responsible infrastructure needs to be 

introduced. Through changing their hardware to use a 

more energy-efficient model, using renewable energy, 

incorporating new cooling methods, and ensuring their 

lifecycle management is sustainable, organizations can 

make AI technologies less impactful on the environment 

and contribute to the long-term sustainability of digital 

innovation. 
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2.3 Sustainable Green Computing Approaches for 

High-Density AI Systems 

The infrastructure of artificial intelligence is increasing, 

and its effect on the environment is an issue. Scholars 

and institutions are investigating ways of sustainable, 

green computing practices so as to reduce energy 

consumption and reduce carbon emissions. The dense 

AI systems require huge computing power and therefore 

we need to discover the means of improving energy 

efficiency without compromising performance. Green 

computing aims at increased hardware design, better 

data-center infrastructure, uniting renewable energy, and 

the production of energy-efficient algorithms. All these 

actions allow reducing the environmental impact of AI 

and contribute to its sustainability in the long term. One 

of the major areas of sustainable computing is the 

creation of energy saving hardware. AI accelerators and 

GPUs execute complicated machine-learning operations, 

though they might be very power-intensive. Scholars 

emphasize the creation of processors that can provide 

high performance and consume less energy. There are 

the low-power CPUs, hardware virtualization and 

dynamic voltage scaling which can reduce energy 

consumption in high-performance computing (Peykani 

et al., 2026). The deployment of specialized AI chips 

and ASICs is also focused on the target machine-

learning workloads with improved energy efficiency. 

Another imperative measure is cooling. The 

heavyweight AI data centers produce a significant 

amount of heat, and conventional air cooling usually 

cannot cool them sufficiently, consuming large amounts 

of electricity. The contemporary plants are resorting to 

liquid and immersion cooling that are more effective in 

dissipating heat and consuming less energy. (Paul et al., 

2023) say that these new cooling techniques can 

significantly enhance the efficiency of data-centers and 

reduce their impact on the environment. 

Green energy is necessary. The clean energy produced 

by the data centers that are powered by solar, wind, or 

hydro will help lessen the use of fossil fuels and the 

emission of greenhouse gases associated with AI 26 

(Ibrahim Alzoubi et al., 2025). There are more 

companies investing in renewable projects to operate 

cloud and AI services. Combining such clean sources 

with intelligent energy-management systems can 

decrease by a significant factor the carbon footprint of 

large-scale computing (Kaack et al., 2022). Hardware 

improvements are essential in addition to hardware. The 

cost of energy is big due to the large amount of 

computing power required to train big AI models. Those 

who develop green AI suggest that the models created 

would be faster to train into the need to be less complex. 

Such techniques reduce training time and computing 

requirements but maintain accuracy; the model 

compression, pruning, transfer learning, and federated 

learning (Schwartz et al., 2020). Another new way is 

carbon-conscious workload management. It 

programmed AI activities in line with the times when 

there is plenty of renewable energy or when the 

electricity of the grid has low carbon content. Smart 

planners could use peak workloads during low-carbon 

times, which will significantly decrease the 

environmental impact and would remain efficient (Yang 

et al., 2025). Overall, sustainable green computing is a 

combination of hardware, data-center, renewables, and 

algorithmic innovation into the environmental issue of 

the high-density AI 27 (Fernando & Lăzăroiu, 2024). 

Following these measures, companies will be able to 

increase energy efficiency and reduce carbon emissions, 

as well as build a more responsible AI future. 

3. Conceptual Framework and Research Model 

The recent development of AI technologies and high-

density computing has prompted significant 

environmental sustainability concerns and energy 

consumption. AI systems with high-performance require 

computing power in large quantities that raise energy 

costs, carbon emissions, and cost. Thus, green 

computing policies would help to lessen the ecological 

footprint of AI infrastructure (Amahrouch et al., 2025). 

This paper is a conceptual framework aiming at 
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understanding how green computing practices can 

enhance sustainability and effectiveness of high-density 

AI systems. 

The model of the research is grounded on the principles 

of Green IT and sustainable computing that demand 

computing infrastructure with environmentally friendly 

technologies. The major green practices are the design 

of hardware that is energy friendly, the use of renewable 

energy, the use of highly sophisticated cooling 

mechanism, and the smart optimization of the workload 

(Ahrabi et al., 2025). The practices assist data centers to 

consume less energy and cause less damage to the 

environment. (Schwartz et al., 2020) state that the 

implementation of the principles of green AI can reduce 

the computational and environmental charge of a large-

scale machine learning system. 

Green computing practices are the primary independent 

variables in the framework that will influence the 

sustainability of high-density AI systems. They are 

energy-efficient processors, optimized machine learning 

algorithms, renewable power facilities, and improved 

cooling technologies. These measures make 

organizations reduce their power consumption and 

maintain high performance. Mediating effects of energy-

efficient data center management systems also include 

coordination of hardware resources, cooling, and 

workload schedule in order to increase the overall 

efficiency (Peykani et al., 2026). 

Another aspect that the framework emphasizes is the 

mediating process of the green data center management 

between sustainable computing practices and AI 

performance. Green data center operations incorporate 

smart monitoring, automated energy utilities and carbon 

understandable workload scheduling to streamline 

infrastructure utilization. These systems balance 

resource allocation and energy consumption with little 

effect on reliability. Studies show that AI-based energy 

management systems have the potential to make data 

centres very efficient and less environmentally harmful 

(Peykani et al., 2026). 

The final result of the given model is sustainable AI 

performance i.e. AI systems are able to provide high 

computation with being environmentally friendly at the 

same time. The sustainable AI performance is 

manifested through the consumption of less energy, less 

carbon emission, operational efficiency, and responsible 

utilization of resources. Organizations can be long-term 

sustainable by ensuring that they work towards green 

computing as well as sound management of their data 

centers to ensure that the increasing demands of AI 

services are met. 

Accordingly, the conceptual framework implies that the 

implementation of sustainable green computing 

strategies improves the performance of AI infrastructure 

with the mediation of green data center management 

(Verdecchia et al., 2021). It is a combined strategy that 

allows organizations to reconcile the advancement in 

technology and environmental sustainability. It also 

offers a theoretical foundation on the future empirical 

research on the relationship between green computing 

technologies and sustainable AI development (Mustapha 

et al., 2021). 
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Conceptual Model Structure 

 

Proposed Research Hypotheses 

H1: Energy-efficient hardware positively influences 

green data center management. 

H2: Advanced cooling technologies positively influence 

green data center management. 

H3: Renewable energy integration positively influences 

green data center management. 

H4: Intelligent workload optimization positively 

influences green data center management. 

H5: Green data center management positively influences 

sustainable AI system performance. 

H6: Green data center management mediates the 

relationship between green computing practices and 

sustainable AI system performance. 

4. Research Methodology 

The current research will use a structured quantitative 

research design in order to investigate how the practice 

of green computing will affect the sustainability and 

performance of high-density AI systems, especially in 

the green data center management. To ascertain a good 

and generalizable result, a positivist, cross-sectional 

approach was used. The 350 IT managers and data 

center administrators involved in high-density AI 

settings were sampled to gather data. The participants 

were chosen because of their knowledge on AI 

infrastructure and sustainability practices. The data were 

collected with the help of the structured electronic 

questionnaire that included a five-point Likert scale 

(strongly disagree to strongly agree). The questionnaire 

was used to measure such important constructs as 

energy-efficient hardware, cutting-edge cooling devices, 

the use of renewable energy sources, intelligent 

workload optimization, managing data centers in a green 

environment, and sustainable AI performance. 

Measurement items were all modified based on scales 

that had been tested and thus were deemed to be reliable 

and valid in the literature on Green AI and sustainable 

computing (Peykani et al., 2026; Schwartz et al., 2020). 

To perform the data analysis, Partial Least Squares 

Structural Equation Modeling (PLS -SEM) was used on 

SmartPLS 4 with bootstrapped resamples of 5,000 to 

test the hypothesized relationships. The ethical conduct 

of the study was highly observed such as the informed 
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consent, participant confidentiality, and the responsible 

management of all the research data.  

The methodological approach will guarantee the sound 

assessment of the role the green computing practices 

play in the sustainable performance of AI systems. 

4.4 Measurement of Variables 

 Energy-Efficient Hardware (EEH): Assessed 

using items related to low-power processors, 

virtualization, and hardware optimization. 

 Advanced Cooling Technologies (ACT): 

Measured by the use of liquid cooling, immersion 

cooling, and AI-based thermal management. 

 Renewable Energy Integration (REI): 

Captures adoption of solar, wind, or hybrid renewable 

energy systems. 

 Intelligent Workload Optimization (IWO): 

Includes predictive scheduling, energy-aware allocation, 

and carbon-aware workload management. 

 Green Data Center Management (GDCM): 

Assessed via monitoring systems, energy management 

policies, and automation of cooling and workload 

processes. 

 Sustainable AI System Performance (SASP): 

Evaluated using energy efficiency metrics, reduction in 

carbon emissions, operational efficiency, and resource 

sustainability. 

All measurement items are adapted from prior validated 

scales to ensure reliability and content validity (Paul et 

al., 2023; Yang et al., 2025). 

4.5 Data Analysis Technique   

Partial Least Squares Structural Equation Modeling with 

SmartPLS 4 is used in the study. PLS-SEM has been 

selected as it can be used to analyze complex models 

with several variables that mediate it, it performs well 

with small to medium sample size, and it does not have 

strict normality requirements.   

This analysis is conducted in two phases.   

Assessment of Measurement Model: We will evaluate 

the reliability of the construct (Cronbachs alpha, 

composite reliability) and their validity (convergent and 

discriminant validity).   

Structural Model Evaluation: The relationship between 

green computing practices and sustainable AI system 

performance is tested by assessing the path coefficients, 

significance level (t -values, p-values), and mediation 

effects to understand the impact of green data-center 

management on the relationship between the above two 

variables. 

4.6 Ethical Considerations 

The study ensures full compliance with research ethics 

by: 

 Obtaining informed consent from all 

respondents. 

 Maintaining respondent confidentiality and data 

privacy. 

 Using collected data exclusively for research 

purposes. 

 Ensuring transparency in data analysis and 

reporting. 

5. Results  

This part demonstrates the findings of data analysis, 

which examines the effects that green computing 

practices have on sustainable AI system performance, 

and green data center management is a kind of mediator. 

Its results rely on the sample size of 350 respondents in 

organizations that run high-density AI infrastructures 

within the finance, healthcare, cloud computing, and 

manufacturing sectors. Measures and structural models 

were evaluated by analysis of data using PLS-SEM 

(SmartPLS 4). In this part, an evaluation of 

measurement model will be conducted on assessment 

data. Measurement model was assessed in such a way 

that reliability as well as validity of all constructs was 

confirmed. The most significant ones are Cronbach 

alpha, composite reliability (CR), and average variance 

extracted (AVE). The alpha of Cronbach was found 

within the range of 0.82 and 0.91, which is high internal 

consistency. The values of composite reliability (CR) 

stood between 0.85 and 0.93, which is higher than the 
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required value of 0.70 (Hair et al., 2022). Values of 

average variance extracted (AVE) were more than 0.50, 

which verified convergent validity. The FornellLarcker 

criterion and the HTMT ratio were used to establish the 

presence of discriminant validity, where each construct 

is unique and the measurement of different things with 

regard to green computing practices and sustainable AI 

performance. 

The results of the measurement indicate that the survey 

instrument effectively measures the target constructs, 

which confirms the high quality of the further analysis 

of the structural model. 

5.2 Structural Model Assessment 

The structural model was analyzed to test the 

hypothesized relationships (H1–H6). Bootstrapping 

with 5000 resamples was used to determine the 

significance of path coefficients. 

Table 1: Structural Model Path Coefficients 

Hypothesis Path Β t-

value 

p-

value 

Result 

H1 EEH → GDCM 0.38 6.12 <0.001 Supported 

H2 ACT → GDCM 0.31 5.24 <0.001 Supported 

H3 REI → GDCM 0.42 7.05 <0.001 Supported 

H4 IWO → GDCM 0.35 5.88 <0.001 Supported 

H5 GDCM → SASP 0.61 10.32 <0.001 Supported 

H6 EEH/ACT/REI/IWO → GDCM → SASP — — — Partial Mediation Confirmed 

Key Findings: 

Hypothesis H1, H2, H3, and H4 are all confirmed 

because green data-centers management (GDCM) is 

greatly affected by the energy-efficient hardware (EEH), 

advanced cooling technologies (ACT), integration of 

renewable energy (REI), and intelligent workload 

optimization (IWO).  Sustainable AI system 

performance (SASP) is powerfully supported by green 

data‑center management, which is why the hypothesis 

H5 supports it. The mediation analysis demonstrates that 

the connection between the green computing practices 

and sustainable AI system performance (SASP) is 

mediated by green data-center management (GDCM) to 

some extent, which proves hypothesis H6. This means 

that in the event of having a good AI-infrastructure 

management, the positive impact of green computing 

practices on sustainability results will be magnified. 

5.3 Discussion 

The results put forward the critical role of green 

computing practices in providing sustainable AI 

performance. Energy efficient hardware consumes less 

power and ensures that the processing speed is not 

compromised. (Peykani et al., 2026) support this view as 

they consider hardware optimization to be a key driver 

of Green AI. The use of advanced cooling technologies 

is also a significant part of the green data-center 

management. Proper cooling maintains a smooth 

operation of processors and reduces energy use, which is 

observed by (Paul et al., 2023). The most significant 

predictor of GDCM is the integration of renewable 

energy, and it is important to highlight the 

environmental benefits of substituting fossil-powered 

energy with solar, wind, or hydroelectric energy (Kaack 

et al., 2022). Scheduling and predictive resource 

allocation are smart workload optimization techniques 

that increase GDCM, as well as raise SASP. This 

confirms the (Yang et al., 2025) study, which discovered 

that the key to sustainable AI infrastructures is 

algorithmic efficiency and workload management. The 

partial mediation effect of GDCM demonstrates that the 

effectiveness of green computing practices is directly 

related to the improvement of sustainability but this 

effect can be more effective with the combination of the 

good data-center management. It emphasizes the fact 
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that technology adoption and operational management 

should collaborate to develop AI systems that are 

environmentally sustainable. On the ground, companies 

must implement concerted approach that incorporates 

energy-efficient devices, algorithms, green energy and 

cutting-edge cooling with efficient monitoring and 

control. Such actions can significantly reduce carbon 

emissions, energy consumption, and environmental 

footprint and maintain the best AI performance. 

5.4 Implications 

Theoretical Implications: 

 Supports the Green AI framework by 

demonstrating the measurable impact of sustainable 

computing practices on high-density AI performance. 

 Confirms the mediating role of data center 

management in linking technology adoption to 

environmental and operational outcomes. 

Practical Implications: 

 Organizations should prioritize renewable-

powered data centers and energy-efficient infrastructure 

to minimize carbon footprints. 

 Advanced cooling and workload optimization 

strategies are essential for operational efficiency in high-

density AI environments. 

 Policy-makers and sustainability officers can 

use these findings to design green IT policies that 

balance AI growth with environmental responsibility. 

6. Conclusion  

The fast development of the artificial intelligence (AI) 

system and the emergence of the high-density 

computing has posed numerous possibilities and 

challenges to businesses and society. The paper 

discusses the way in which sustainable green computing 

practices would be able to control these dense AI 

systems and reduce their impact on the environment. It 

demonstrates, based on a systematic framework and 

empirical evidence, that sustainable hardware, 

sophisticated cooling, green power, and intelligent 

workload scheduling can all be beneficial in the process 

of developing more environmentally friendly data 

centers, which subsequently enhance the functioning of 

AI. It is found that green computing reduces energy 

consumption and carbon emissions and increases the 

level of operational efficiency and resource utilization. 

Hardware and streamlined AI models save power. 

Developed cooling systems and renewable energy 

reduce the impact on the environment. The effectiveness 

of data-centers management in linking these practices to 

improved AI outcomes is also discovered by the study 

because of the significance of active oversight. The 

implications of these findings were theoretical in terms 

of significance. To start with, they validate the Green AI 

framework by showing that AI infrastructure 

sustainability strategies result in quantifiable 

environmental advantages. Second, they highlight data-

center management as one of the main mechanisms that 

transform green practices to concrete, sustainable 

outcomes that provide a better understanding of the 

interaction of technology and environment in high-

density AI systems. There are also strong implications 

regarding practical implications. Firms operating with 

the dense AI systems must consider the use of an all-

embracive sustainability strategy which entails efficient 

hardware, renewable energy, state of the art cooling and 

intelligent workload control. Such investments reduce 

negative impact on the environment, enhance efficiency 

and cost reduction. These insights can help 

policymakers establish the standards of green 

computing, provide incentives, and develop reporting 

models that will encourage sustainable AI in various 

industries. Irrespective of these contributions, there are a 

number of limitations. To begin with, the cross-sectional 

study design restricts causal inferences; longitudinal 

research would provide a better demonstration of the 

long-term effects. Second, the emphasis on large 

organizations with established high-density AI can make 

it less applicable to smaller companies or new adopters 

of AI. Third, the quantitative metrics were provided, but 

it might be interesting to include qualitative data in the 

form of the interview or case study to gain a better 
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insight into the challenges and effective practices in 

managing sustainable AI. 

Future Research Directions 

Carry out the longitudinal studies to observe the impacts 

of green computing strategies on AI performance and 

the environment in the long run. Research the ability of 

AI-powered energy systems, such as predictive analytics 

and adaptive workload scheduling, to enhance 

sustainability.  Consider a case of sustainability in areas 

of computing power consumption, including finance, 

healthcare, and cloud services. Evaluate the economic 

and policy challenges posed by having a large number 

of data centers operating on renewable energy and 

employing sustainable AI infrastructure.  Consider 

social and ethical issues of green AI, including the 

effects on labor, equitable access, and sustainable AI use 

in environmental decisions. Concisely, green computing 

is essential to factor in the development of AI and the 

protection of the environment. Through new technology, 

intelligent operations, and renewable energy, businesses 

can develop powerful artificial intelligence systems that 

are also eco-friendly, which promotes long-term 

development that can meet global sustainability goals. 
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