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Abstract: Data is considered the most crucial element in open 
banking processes and services� Therefore, it is necessary to pay 
attention to various aspects of the quality of this data in order to 
provide appropriate and expected services to customers� In this 
research, various dimensions representing different aspects of 
data quality were investigated in the field of open banking� This 
research has been conducted in two main steps: The Delphi 
method and the pairwise comparisons method� In the first step, 
various dimensions of data quality in open banking were extracted 
based on the Delphi method� In the next step, the importance of 
each of these dimensions was assessed relative to each other 
using the pairwise comparisons method, and the most crucial 
dimensions were determined� Based on the results obtained 
from these two methods, the significance of eleven dimensions 
of data quality in this field was determined� The best overall 
weighted averages were related to dimensions such as accuracy, 
accessibility, relevancy, timeliness, consistency, security, 
interpretability, reputation, believability, ease of understanding, 
and value-added, respectively� Banks and fintech companies 
offering open banking services can consider these dimensions
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Abstract 
Cyber threats are changing constantly and these days more 
than 560,000 new malware varieties are launched daily, 
which means that rudimentary measures of protecting 
networks from attacks cannot be of much help in handling 
real time threats. Single-static security control and manual 
intervention are insufficient to address APTs, Zero Day, and 
high-volume DDoS attacks. This is where the application of 
AI in network security lays its foundation, where real time 
threat response programs become possible where they are 
trained to automatically identify, categorize, and mitigate 
highly complex attacks without requiring massive amount of 
time and effort. 
The changing role of AI in network security is examined in 
this work since it can contribute to the improvement of threat 
detection, decrease response time, and minimize reliance on 
human factors. This research reviews more than 150 AI-
based security frameworks, and 25 case studies of different  
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when evaluating the quality of their data to enhance the provision of superior 
services�

Keywords: Open banking, Data quality, Delphi method, Pairwise Comparisons

1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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industries including finance, healthcare, telecommunications, to assess the efficiency 
of machine learning and deep learning algorithms for autonomous threat response. 
The insights show that in challenging contexts, AI-based solutions provide anomaly 
detection scores of up to 97%, which are far higher than those obtained by 
conventional systems with average scores of 80%. The response time increased up 
to 75% as the AI systems responded under 3 seconds during the large scale 
cyberattack simulation operations. Significant achievement of scalability was across 
networks with number of nodes more than ten thousand nodes at 90% reliability in 
different threat scenarios. 
These findings underscore the importance of AI as the cornerstone of today’s 
cybersecurity: delivering accurate and timely threat coverage and demonstrating high 
resilience to threat evolution. However, issues like, algorithm bias, ethical concerns, 
and resistance to adversarial perturbation calls the need for research to develop 
effective measures towards the longevity of banking security systems integrated with 
AI. This study emphasizes the importance of search for new strategies to strengthen 
current digital environments against the increasing number of threats. 
 
Keywords: Artificial Intelligence, Network Security, Autonomous Threat Response, 
Machine Learning, Cybersecurity, Deep Learning, Anomaly Detection, Threat 
Mitigation, Real-Time Security, AI-Driven Systems (AI). 
 
1. Introduction 
Driven by the exponential spread of digitalization and supporting cloud 
computing, big data analytics, and artificial intelligence (AI) systems, data 
centers are becoming indispensable tools of modern IT infrastructure. But this 
quick expansion comes at a significant environmental cost as data centers 
account for a considerable portion of global electricity consumption and 
carbon emissions (Mondal et al. 2023; Guitart, 2017). Sustainable solutions 
are thus desperately needed. Data centers' energy-intensive character 
together with growing demand for processing capacity have generated 
scholarly and commercial questions about their environmental impact and 
long-term viability (Renugadevi et al. 2020; (Fatima and Ehsan, 2023). 

Research on energy-efficient designs, renewable energy integration, and 
sophisticated cooling technologies has exploded in response to attempts to 
solve the environmental problems related with data centers. Research have 
underlined the need of implementing green data center models, including 
GEECO, which, by creative resource management, lowers carbon footprints 
and maximizes energy utilization (Mondal et al. 2023). In a similar vein, 
Fatima and Ehsan investigated green computing methods using intelligent 

energy management systems to reduce waste of energy (Fatima and Ehsan, 
2023). Chen et al (2023) presented an adaptable modular immersion cooling 
system design that substantially reduces energy consumption and 
concurrently increases thermal efficiency, which is another critical area of 
development. 

The primary approach to attaining zero-carbon operations in data centers 
is the integration of renewable energy sources. Wang et al. (2020) presented 
resource provisioning systems with sustainability in mind that dynamically 
distribute resources depending on energy availability, therefore guaranteeing 
best use of renewable sources. Osibo and Adamo (2023) argued for the use 
of solar and wind energy to run data centers, therefore lowering dependency 
on fossil fuels. Furthermore, underlined by Yue et al. (2022) the part 
cooperative energy systems, such as source-grid-load-storage models—
have in building zero-carbon big data industrial parks. 

The adoption of artificial intelligence technologies stands as one of the 
emerging methods which helps data centers achieve sustainability goals. 
Artificial intelligence applications address temperature control enhancement 
and air management through techniques deployed by Huang et al. (2023) 
which lead to improved cooling efficiency. Bashir et al.(2021) demonstrated 
that cloud-based data centers could benefit from virtualized energy systems 
to enhance operational performance as well as resource distribution 
efficiency through their research. 

This study hypothesizes that integrating AI-based cooling systems with 
renewable energy and real-time energy management will significantly 
enhance the sustainability of data centers, achieving net-zero carbon 
emissions while maintaining high operational efficiency and scalability. 

Though more study is still needed, current data center research has shown 
impressive gains for energy efficiency combined with sustainability. Instead 
of building an integrated framework that addresses cooling together with 
energy management and scalability, modern research on sustainability often 
studies single components of sustainability (Renugadevi et al. 2020; Chen et 
al. 2023). Particularly in real-time dynamic resource allocation (Huang et al. 
2023; Maji et al. 2023) the use of AI technologies for predictive cooling 
management in big-scale multi-cloud scenarios does not get enough 
research. This work develops a unique zero-carbon data center architecture 
combining real-time operational control techniques with artificial intelligence-
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based cooling technologies and renewable power generating options. Data 
centers established by the suggested combination of AI-based cooling 
technologies with renewable power systems and time-responsive energy 
management approaches would help to lower their carbon footprint to zero 
while increasing operational performance and scalability (Qasim et al. 2024). 
The study approach incorporates mixed-methods to handle the recognized 
knowledge deficiencies. Researchers performed a systematic review of 
published works about energy optimization together with cooling techniques 
as well as renewable power integration inside data facilities. The study 
assesses the feasibility of its suggested framework using real-world analysis 
of sustainable data centers as recorded in (Mondal et al. 2023; Guitart, 2017). 
Computer models use quantitative evaluations to evaluate the performance 
capabilities of AI-based cooling systems and renewable energy models under 
various operating situations (Faris et al. 2021). System efficacy is determined 
using three key performance measures, including energy saving, decreased 
carbon emissions, and stable systems. 

This article intends to develop a comprehensive framework for zero-
carbon data centers that incorporates sustainable resource management 
approaches, advanced artificial intelligence technologies, and renewable 
energy systems. Along with improved scalability and reliability of data center 
operations, considerable savings in energy consumption, operating costs, 
and carbon emissions are expected. This study aims to contribute to the 
global discourse on environmental sustainability in IT infrastructure by 
providing practical insights for academics and corporate participants 
(Renugadevi et al. 2020; Osibo and Adamo, 2023). 

 
1.1. Study Objective 
This study proposes a comprehensive framework for transforming 
conventional data centers into zero-carbon facilities through the collaboration 
of advanced artificial intelligence (AI) technologies, sustainable resource 
management, and renewable energy systems. The research focuses on 
meeting global climate targets, including net-zero carbon emissions, by 
implementing environmentally friendly IT infrastructure to address current 
demands. AI-driven energy optimization provides innovative cooling 
technologies and dynamic resource provisioning as part of renewable energy 
integration, thereby reducing dependence on non-renewable energy sources. 

The project aims to bridge existing knowledge gaps by providing practical 
insights into scalable, sustainable data center operations with reduced costs 
through a combination of systematic literature review, quantitative modeling 
methodologies, and case study evaluation. The proposed framework's 
efficiency is defined by key performance metrics, including energy efficiency, 
carbon reduction statistics, operational scalability, and reliability 
measurements. This study presents significant findings for the academic field 
of green computing and offers valuable recommendations for industry 
stakeholders through its comprehensive approach to various sustainability 
challenges. The research endeavor aims to develop digital systems that 
ensure sustainable development by enabling data centers to meet increasing 
computing demands without compromising environmental sustainability. 
 

 
Figure 1. Interdisciplinary Framework for Zero-Carbon Data Centers: 

Integrating Technology, Energy Optimization, and Sustainability 
 
1.2. Problem Statements 
Data centers that support operations for cloud computing, artificial intelligence 
analytics, and large-scale data processing define much of the IT 
infrastructure. Although the mobility between central facilities accelerates 
their implementation, it severely impacts the environment. Given their 
significant role in global energy consumption and resulting carbon emissions, 
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data centers demand enormous electrical power. The current energy-
dependent data center designs, which rely on energy-intensive cooling 
systems, indicate growing sustainability issues, generating both academic 
and practical implementation challenges. 

The present approaches to energy control show insufficient success in 
achieving their goals. While the complete integration of AI-based dynamic 
optimization approaches remains under investigation, some innovative 
cooling systems coupled with energy-saving technologies do exist. Modern 
methods address sustainability issues in various ways, such as improving 
cooling performance and energy resource utilization, without creating an 
efficient framework that combines these components into flexible systems. 

The primary challenge for existing green data center architectures is their 
lack of scalability. Most studies focus on simple installations rather than 
managing multiple multi-cloud systems or large-scale systems with erratic 
energy consumption needs. Insufficient integration hinders the development 
of secure platforms that combine high-performance capabilities with 
environmental goals. 

Choosing between sustainable operations and performance excellence 
presents ongoing challenges for industrial companies, limiting the general 
adoption of green technologies. Typically, the narrow achievement of net-zero 
aims leads to conflicts among stakeholders who seek sustainability goals but 
must balance them with reliable operational stability and cost-effectiveness. 
While AI-based energy management requires significant financial investment, 
raising ethical and financial concerns, the integration of renewable energy 
systems has geographical limitations depending on location and climatic 
conditions. 

A fundamental research issue arises from theoretical discoveries that are 
irrelevant to practical demands. The urgent need is for a coherent and 
comprehensive framework that integrates renewable power systems and 
customizable power distribution modes with AI-based cooling solutions. 
Achieving zero-carbon data centers and advancing beyond current operating 
techniques depend critically on addressing these limiting issues. This work 
aims to fill a known research gap by producing scalable and sustainable 
solutions that promote the growth of IT infrastructure. 

 

 

2. Literature Review 
Research into sustainable data centers has become increasingly important 
because traditional IT infrastructure continues to grow its environmental 
impact. The current study reveals important structural shortcomings in 
standardized platform development for sustainable data center operations 
because researchers have achieved significant progress in renewable energy 
application and energy performance optimization yet. 

When creating an enduring data center operation, one must first establish 
effective resource management. The author Mahmud (2016) stressed that 
dynamic resource management systems help decrease energy waste in 
cloud computing data centers (Mahmud, 2016). The optimization approach 
made significant progress towards solving inefficiencies but examined single 
resources mainly while neglecting the multiple complexity issues which 
renewable energy integration and efficient cooling systems present. This 
special model does not extend to complex real-world data facility operations 
because it lacks an integrated system design (Khlaponin 2021). The situation 
emphasizes the necessity to develop execution methods that go further than 
resource management through integration of environmental adaptability 
along with operational scalability. 

In parallel, energy optimization remains a core area of research. Li et al. 
(2022) proposed a novel power control approach that effectively eliminates 
energy hotspots, stabilizing energy consumption and improving efficiency. 
While this work demonstrated promising energy savings, it lacked integration 
with renewable energy systems and did not leverage advanced AI-driven 
predictive models for dynamic adjustments. Kang et al. (2019) introduced 
deep learning algorithms to decrease energy costs at both macro and micro 
temporal levels but did not resolve the entire gap. The research conducted by 
the authors failed to explore the scalability of their solutions toward 
environments featuring multiple workloads and changing demands thus 
creating an opportunity for advanced adaptive energy management systems. 
The current limitations demonstrate an essential requirement to develop 
procedural frameworks which unite AI-based energy optimization algorithms 
with modern operational scalability models (Qasim et al. 2021). 

Sustainable data centers depend largely on the decision-making 
procedures that accompany technological improvements during their 
planning phase. The authors Austen and Subroto established a framework 
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methods address sustainability issues in various ways, such as improving 
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The primary challenge for existing green data center architectures is their 
lack of scalability. Most studies focus on simple installations rather than 
managing multiple multi-cloud systems or large-scale systems with erratic 
energy consumption needs. Insufficient integration hinders the development 
of secure platforms that combine high-performance capabilities with 
environmental goals. 
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presents ongoing challenges for industrial companies, limiting the general 
adoption of green technologies. Typically, the narrow achievement of net-zero 
aims leads to conflicts among stakeholders who seek sustainability goals but 
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While AI-based energy management requires significant financial investment, 
raising ethical and financial concerns, the integration of renewable energy 
systems has geographical limitations depending on location and climatic 
conditions. 
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irrelevant to practical demands. The urgent need is for a coherent and 
comprehensive framework that integrates renewable power systems and 
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In parallel, energy optimization remains a core area of research. Li et al. 
(2022) proposed a novel power control approach that effectively eliminates 
energy hotspots, stabilizing energy consumption and improving efficiency. 
While this work demonstrated promising energy savings, it lacked integration 
with renewable energy systems and did not leverage advanced AI-driven 
predictive models for dynamic adjustments. Kang et al. (2019) introduced 
deep learning algorithms to decrease energy costs at both macro and micro 
temporal levels but did not resolve the entire gap. The research conducted by 
the authors failed to explore the scalability of their solutions toward 
environments featuring multiple workloads and changing demands thus 
creating an opportunity for advanced adaptive energy management systems. 
The current limitations demonstrate an essential requirement to develop 
procedural frameworks which unite AI-based energy optimization algorithms 
with modern operational scalability models (Qasim et al. 2021). 

Sustainable data centers depend largely on the decision-making 
procedures that accompany technological improvements during their 
planning phase. The authors Austen and Subroto established a framework 



2

Special Issue   |   Winter 2025

when evaluating the quality of their data to enhance the provision of superior 
services�

Keywords: Open banking, Data quality, Delphi method, Pairwise Comparisons

1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�

Assessing the Importance of Various Dimensions of Data ...   |   Hassani et al.

3

Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�

Summer 2025

590

which integrates financial stability alongside environmental targets 
throughout sustainable green data center development. Though this research 
emphasized the planning aspect it neglected to provide clear operational 
strategies which would be necessary for effective full-scale deployment 
(Muhamad Faris Naufal and Athor, 2023). According to Hussain et al.  (2024) 
sustainability measurement should be verifiable through metrics which serve 
to build transparency and accountability regarding sustainability initiatives. 
The proposed metrics lack effective connections with operational strategies 
so they cannot provide actionable improvement guidance (Hussain et al. 
2024). These studies collectively highlight the necessity of bridging planning 
methodologies with real-time operational practices to create end-to-end 
sustainable solutions. 

Renewable energy integration is another essential component of 
sustainable data centers. Studies by Islam et al. (2018) and Viskovic et al. 
(2022) highlighted the transformative role of renewable energy, with the 
former focusing on energy provisioning for green data centers and the latter 
examining city-level transitions to low-carbon economies. Despite their 
contributions, both studies were region-specific, lacking scalability and 
adaptability to diverse geographic and climatic conditions. On a broader 
scale, Asif et al. (2023) explored sustainability factors for business model 
innovation using carbon disclosure project data, providing valuable 
macroeconomic insights. However, this study failed to address the micro-level 
operational challenges within individual data centers. These findings suggest 
the need for solutions that integrate renewable energy with scalable and 
adaptive operational frameworks. 

All studies demonstrate an inconsistent method for achieving sustainability 
objectives. Ganesan et al. (2020) demonstrated how green software 
engineering help big data processing but their research failed to connect 
software improvements with hardware efficiency and renewable energy 
systems in their analysis . Glavič et al. (2023) recommended studying net-
zero emission transitions from an integrated viewpoint in process industries 
although their research did not address IT industry requirements. 

The development of an integrated approach must combine AI-based 
energy optimization with renewable energy systems through scalable cooling 
technologies to form an effective solution. The framework should contain 
specifications for operational expansion and geographical flexibility and real-

time iterative optimization because these capabilities would address the 
limitations that exist in separating research fields. Multiple disciplines 
including civil engineering and environmental science together with economic 
modeling systems present the optimal route to develop carbon-free data 
centers which can fulfill increasing digital needs. Integrated sustainable 
practices provide the necessary framework for advancing data centers into 
hubs which fulfill both sustainable targets worldwide and operational reliability 
together with flexibility. 

 
3. Methodology 
This study uses materials and techniques to build and test a complete zero-
carbon data center model by means of a solid system. The research strategy 
including extensive sustainable data center study consists of systematic 
literature examination coupled with quantitative simulations and analysis of 
real-world examples. The approach comprises of particular techniques 
evaluating performance criteria including energy efficiency coupled with 
carbon footprint reduction alongside operational scalability and dependability. 
 
3.1. Systematic Literature Review 
This research utilized a systematic literature review process to collect and 
synthesize findings on data center energy optimization, renewable energy 
usage, and advanced cooling methods. The study drew information from 
peer-reviewed journals, conference proceedings, and technical reports 
published over the last decade. The review analyzed sustainable resource 
management strategies by Mahmud (2016), green cloud software 
engineering practices by Ganesan et al. (2020), and hotspot elimination 
techniques by Li et al. (2022). The research assessed different frameworks 
that help decision-makers plan green data centers as described by Austen 
and Subroto (Muhamad Faris Naufal and Athor, 2023). This review served as 
a theoretical basis which enabled researchers to determine research gaps 
that eventually shaped the proposed model. 
 
3.2. Case Study Analysis 
An analysis of data centers which applied sustainable technologies served to 
prove the suitability of theoretical models in operational settings. Studies 
assessed AI-controlled cooling systems and renewable energy combination 
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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alongside resource management methods to evaluate their effectiveness for 
reducing energy usage and carbon footprints. The work of Hussain et al. 
(2024) explained sustainable metrics to track project success and used those 
metrics for implementation evaluation. The selection of case study examples 
occurred with a goal of achieving operational diversity across distinct 
geographical regions to test the model's adaptation capabilities. 
 

3.3. Quantitative Simulations 
The proposed zero-carbon data center framework underwent simulations for 
performance testing under various operational conditions. Previously 
developed digital sets simulated the use of AI algorithms for dynamic 
resource scheduling, renewable power adoption, and cooling optimization 
methods. Li et al.'s (2022) power control method facilitated hotspot 
management, while Kang and Youn's (2019) deep learning-based strategies 
optimized temporal energy management. The framework's effectiveness was 
validated through evaluations of energy-saving achievements, minimized 
carbon emissions, and system dependability. 
 

3.4. Analytical Tools and Models 
Advanced computational tools were employed to simulate and analyze the 
data center framework. AI algorithms for predictive cooling and dynamic 
resource provisioning were implemented using Python-based machine 
learning libraries. Models for renewable energy integration were developed 
based on the collaborative energy system principles discussed by Islam et al. 
(2018). Sustainability metrics and decision-making frameworks were 
evaluated using methodologies outlined by Lykou et al. (2018) and Glavič et 
al. (2023). 
 

3.5. Validation and Benchmarking 
The proposed framework was tested using established benchmarks derived 
from research studies and industry standards. The research analyzed 
sustainable data centers through existing standards and simulation models 
by measuring performance in terms of energy efficiency, with an emphasis 
on operational scalability and carbon emission control. The researchers 
utilized business model innovation analysis for carbon reduction from Asif et 
al. (2023) and zero-carbon measure prioritization according to Pamučar et al. 
(2021). This research method creates a validated approach for zero-carbon 

data centers by integrating synthetic resource control with renewable power 
generation and alternative cooling solutions. The study addresses observed 
gaps in the current literature while applying multiple analytical approaches to 
develop sustainable IT infrastructure that meets international environmental 
targets. 
 

4. Results 
Together with carbon footprint reduction and operational scalability and 
reliability enhancement, the suggested zero-carbon data center system 
provided notable improvements for energy efficiency. It also shown economic 
effect. Supporting data and context-rich conclusions help to show a thorough 
study of the developments. 
 

4.1. Energy Efficiency 
Efficient energy use represents a vital solution for dealing with rising 
environmental issues and operational matters in contemporary data centers. 
The implemented framework used AI-driven cooling technology along with 
dynamic resource allocation capabilities to achieve better energy efficiency 
and performance. 
 

4.1.1. Optimized Cooling with AI 
The AI-based cooling technology achieved a 42% reduction in energy 
consumption by dynamically regulating temperature and airflow based on 
real-time operational demands. Monthly cooling energy requirements 
dropped from 1200 kWh in traditional systems to 696 kWh, translating into 
substantial cost and energy savings. 

 
Figure 2. Comparison of Cooling Performance Metrics: Traditional System vs. 

Proposed Framework with Percentage Improvements 
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alongside resource management methods to evaluate their effectiveness for 
reducing energy usage and carbon footprints. The work of Hussain et al. 
(2024) explained sustainable metrics to track project success and used those 
metrics for implementation evaluation. The selection of case study examples 
occurred with a goal of achieving operational diversity across distinct 
geographical regions to test the model's adaptation capabilities. 
 

3.3. Quantitative Simulations 
The proposed zero-carbon data center framework underwent simulations for 
performance testing under various operational conditions. Previously 
developed digital sets simulated the use of AI algorithms for dynamic 
resource scheduling, renewable power adoption, and cooling optimization 
methods. Li et al.'s (2022) power control method facilitated hotspot 
management, while Kang and Youn's (2019) deep learning-based strategies 
optimized temporal energy management. The framework's effectiveness was 
validated through evaluations of energy-saving achievements, minimized 
carbon emissions, and system dependability. 
 

3.4. Analytical Tools and Models 
Advanced computational tools were employed to simulate and analyze the 
data center framework. AI algorithms for predictive cooling and dynamic 
resource provisioning were implemented using Python-based machine 
learning libraries. Models for renewable energy integration were developed 
based on the collaborative energy system principles discussed by Islam et al. 
(2018). Sustainability metrics and decision-making frameworks were 
evaluated using methodologies outlined by Lykou et al. (2018) and Glavič et 
al. (2023). 
 

3.5. Validation and Benchmarking 
The proposed framework was tested using established benchmarks derived 
from research studies and industry standards. The research analyzed 
sustainable data centers through existing standards and simulation models 
by measuring performance in terms of energy efficiency, with an emphasis 
on operational scalability and carbon emission control. The researchers 
utilized business model innovation analysis for carbon reduction from Asif et 
al. (2023) and zero-carbon measure prioritization according to Pamučar et al. 
(2021). This research method creates a validated approach for zero-carbon 

data centers by integrating synthetic resource control with renewable power 
generation and alternative cooling solutions. The study addresses observed 
gaps in the current literature while applying multiple analytical approaches to 
develop sustainable IT infrastructure that meets international environmental 
targets. 
 

4. Results 
Together with carbon footprint reduction and operational scalability and 
reliability enhancement, the suggested zero-carbon data center system 
provided notable improvements for energy efficiency. It also shown economic 
effect. Supporting data and context-rich conclusions help to show a thorough 
study of the developments. 
 

4.1. Energy Efficiency 
Efficient energy use represents a vital solution for dealing with rising 
environmental issues and operational matters in contemporary data centers. 
The implemented framework used AI-driven cooling technology along with 
dynamic resource allocation capabilities to achieve better energy efficiency 
and performance. 
 

4.1.1. Optimized Cooling with AI 
The AI-based cooling technology achieved a 42% reduction in energy 
consumption by dynamically regulating temperature and airflow based on 
real-time operational demands. Monthly cooling energy requirements 
dropped from 1200 kWh in traditional systems to 696 kWh, translating into 
substantial cost and energy savings. 

 
Figure 2. Comparison of Cooling Performance Metrics: Traditional System vs. 

Proposed Framework with Percentage Improvements 
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The significant reduction in cooling energy consumption reflects the 
impact of predictive AI algorithms on thermal management. Improved 
efficiency in peak load conditions, evidenced by the 33% increase in peak 
load cooling efficiency, highlights the system's robustness during high-
demand periods. These improvements surpass benchmarks set by earlier 
studies, such as Huang et al. (2023), and position the framework as a leader 
in AI-enabled cooling. Expanding this approach to large-scale deployments 
could generate compounding benefits, including lower operational costs and 
reduced environmental impacts. 
 
4.1.2. Dynamic Resource Allocation Efficiency 
Dynamic resource allocation algorithms minimized idle server energy waste 
by 35%, increasing server utilization from 65% to 88%. These improvements 
ensured that computing resources were utilized more efficiently, particularly 
during non-peak hours. 
 

 
Figure 3. Comparative Analysis of Dynamic Resource Allocation Metrics 

 
The enhanced server utilization rate and reduction in idle server energy 

waste underline the adaptability of the framework to variable workloads. This 
aligns with Kang and Youn. (2019) reported 30% improvements in server 
efficiency using deep learning for energy management. Resource allocation 
efficiency improved by 33% gives evidence that this system optimizes its 
scale with no loss of energy efficiency. These performance-enhancing 
strategies when applied to multi-cloud environments would lead to increased 
efficiency benefits. 

 

4.2. Carbon Footprint Reduction 
The mitigation of data center environmental impact focuses on adopting 
renewable energy while implementing collaborative energy systems. The 
proposed energy framework combines solar with wind technology to reduce 
substantially the consumption of fossil fuels. The entire system had an 

outstanding dual benefit of reduced greenhouses gas emissions by 75% as 
well as performing optimally with peak demand stabilization through its 
source-grid-load-storage model operation. The framework operates at 85% 
sustainable energy levels during peak operation conditions and supports 
universal climate change targets through its adaptable framework for green 
IT infrastructure delivery. 
 

 
Figure 4. Comparative Analysis of Carbon Footprint Metrics with Impact of 

Renewable Integration 
 

The implementation of renewable energy systems produced better results 
than those reported by Osibo and Adamo (2023) because they achieved only 
a 60% reduction in emissions. This framework's 85% renewable utilization 
showcases its scalability and reliability under diverse conditions. The 
implementation of modern storage systems would enhance renewable power 
stability until backing up grid power supplies when energy production 
becomes inconsistent.  

 
4.3. Operational Scalability and Reliability 
A new proposed framework boosted its scalability capabilities and operational 
reliability to address escalating complexity needs of large-scale data center 
management systems. Traditional information systems face limitations when 
expanding past 10.000 nodes because high traffic creates performance 
delays. The framework showed complete expandability by going from 10,000 
to 15,000 nodes without impacting reliability performance. Performance-
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The significant reduction in cooling energy consumption reflects the 
impact of predictive AI algorithms on thermal management. Improved 
efficiency in peak load conditions, evidenced by the 33% increase in peak 
load cooling efficiency, highlights the system's robustness during high-
demand periods. These improvements surpass benchmarks set by earlier 
studies, such as Huang et al. (2023), and position the framework as a leader 
in AI-enabled cooling. Expanding this approach to large-scale deployments 
could generate compounding benefits, including lower operational costs and 
reduced environmental impacts. 
 
4.1.2. Dynamic Resource Allocation Efficiency 
Dynamic resource allocation algorithms minimized idle server energy waste 
by 35%, increasing server utilization from 65% to 88%. These improvements 
ensured that computing resources were utilized more efficiently, particularly 
during non-peak hours. 
 

 
Figure 3. Comparative Analysis of Dynamic Resource Allocation Metrics 

 
The enhanced server utilization rate and reduction in idle server energy 

waste underline the adaptability of the framework to variable workloads. This 
aligns with Kang and Youn. (2019) reported 30% improvements in server 
efficiency using deep learning for energy management. Resource allocation 
efficiency improved by 33% gives evidence that this system optimizes its 
scale with no loss of energy efficiency. These performance-enhancing 
strategies when applied to multi-cloud environments would lead to increased 
efficiency benefits. 

 

4.2. Carbon Footprint Reduction 
The mitigation of data center environmental impact focuses on adopting 
renewable energy while implementing collaborative energy systems. The 
proposed energy framework combines solar with wind technology to reduce 
substantially the consumption of fossil fuels. The entire system had an 

outstanding dual benefit of reduced greenhouses gas emissions by 75% as 
well as performing optimally with peak demand stabilization through its 
source-grid-load-storage model operation. The framework operates at 85% 
sustainable energy levels during peak operation conditions and supports 
universal climate change targets through its adaptable framework for green 
IT infrastructure delivery. 
 

 
Figure 4. Comparative Analysis of Carbon Footprint Metrics with Impact of 

Renewable Integration 
 

The implementation of renewable energy systems produced better results 
than those reported by Osibo and Adamo (2023) because they achieved only 
a 60% reduction in emissions. This framework's 85% renewable utilization 
showcases its scalability and reliability under diverse conditions. The 
implementation of modern storage systems would enhance renewable power 
stability until backing up grid power supplies when energy production 
becomes inconsistent.  

 
4.3. Operational Scalability and Reliability 
A new proposed framework boosted its scalability capabilities and operational 
reliability to address escalating complexity needs of large-scale data center 
management systems. Traditional information systems face limitations when 
expanding past 10.000 nodes because high traffic creates performance 
delays. The framework showed complete expandability by going from 10,000 
to 15,000 nodes without impacting reliability performance. Performance-
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based hardware improvement through predictive cooling models decreased 
equipment failures and made maintenance function more efficiently to 
maintain continuous operations. The framework shows universal compatibility 
across different situations alongside its capability to operate effectively in 
challenging conditions. 
 

 
Figure 5. Scalability and Reliability Metrics and Comparative Analysis of 

Baseline and Proposed Frameworks 
 

The implementation of collaborative systems maintained a stable power 
supply during peak energy consumption periods which fixed a main drawback 
of renewable power systems. The developed system demonstrates potential 
to advance new hybrid power systems which combine advanced battery 
technology with AI-based load forecasting methods for reinforced power 
grids. Better reliability indicators lead to shortened downtime and stronger 
system resistance. Subsequent deployment of AI predictive systems for 
maintenance in environments with high stress should be integrated into future 
applications. 

 
4.4. Economic Impact 
The implementation of green technologies necessitates attention to economic 
sustainability practices. The proposed system would significantly reduce 
costs by incorporating renewable power generators alongside AI-controlled 
cooling infrastructure. The energy savings related to cooling efficiency 
improved by 42%, resulting in annual financial savings of $15,000 for data 

centers with medium-scale infrastructure. The adoption of renewable energy 
reduced dependence on the grid network, leading to a 30% reduction in total 
operational costs. The framework lowered the Total Cost of Ownership (TCO) 
over a 10-year period due to efficient energy use, minimal maintenance 
requirements, and reduced cooling expenses. Notably, the initial investment 
in AI-driven technologies and renewable energy integration had a payback 
period of just four years, highlighting its financial viability. 
 

Table 1. Economic Impact Metrics for Zero-Carbon Data Centers 

Metric 
Traditional 

System 
Proposed 

Framework 
Percentage 

Improvement 
Key Insights 

Cooling Costs 
($/year) 

35,000 20,300 42% 
Significant savings 

due to AI-driven 
cooling systems. 

Total Energy 
Costs ($/year) 

80,000 56,000 30% 

Reduced grid 
dependency 

through renewable 
energy. 

Maintenance 
Costs ($/year) 

15,000 10,000 33% 

Predictive 
maintenance 

reduced repair and 
failure costs. 

Total Cost of 
Ownership (10 

years) 
1,200,000 780,000 35% 

Long-term savings 
from lower 
operational 
expenses. 

Payback Period 
(years) 

Not relevant 
for traditional 

systems 
4 - 

Investment 
recovery within a 

short period. 
Carbon Tax 

Savings 
($/year) * 

12,000 9,000 25% 
Lower emissions 
reduced carbon 
tax obligations. 

Renewable 
Energy Setup 

Cost ($) 

Not relevant 
for traditional 

systems 
150,000 - 

One-time 
investment for 
solar and wind 

integration. 

ROI Over 10 
Years (%) 

0 35% - 

Substantial return 
on investment for 

sustainable 
systems. 

*Carbon tax estimates based on average emission charges 
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Figure 5. Scalability and Reliability Metrics and Comparative Analysis of 

Baseline and Proposed Frameworks 
 

The implementation of collaborative systems maintained a stable power 
supply during peak energy consumption periods which fixed a main drawback 
of renewable power systems. The developed system demonstrates potential 
to advance new hybrid power systems which combine advanced battery 
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maintenance in environments with high stress should be integrated into future 
applications. 
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The proposed framework generates broad financial data that breaks down 
specific cost elements through this table. As the cooling costs reduction 
measures deliver annual savings of $14,700, they stand among the most 
substantial cost reduction elements supported by AI-based optimization. The 
framework successfully utilizes renewable energy through its capacity to 
decrease total energy costs by 30%. The implementation of predictive 
maintenance techniques resulted in a $5000 reduction each year for 
maintenance costs. 

The framework delivers $3,000 in annual carbon tax rebates which 
heightens its financial attractiveness through regulatory compliant practices. 
A 35% return on investment (ROI) occurs from the $150,000 renewable 
energy setup expenditure because of significant TCO savings throughout a 
10-year period. The experimental results validate the framework's capacity to 
generate commercial advantages while providing environmental benefits it 
can be implemented in multiple data centers. 

 
4.5. Experimental Conditions and Validation 
The framework underwent thorough performance evaluations through 
simulated operational situations which duplicated various operational 
scenarios. The key parameters evaluated the framework through scalability 
tests which used node networks between 5,000 to 15,000 and renewable 
energy modeling against high, moderate, and low resource zones and cooling 
efficiency assessments at data center utilization rates from 30% to 60% to 
90%. The experiments developed a complete understanding of the 
framework's adjustments and energy consumption capabilities during 
different operating scenarios to verify practical implementation. 

 
Figure 6. Scenario-Based Comparison of Key Experimental Metrics Across 

Load Conditions 
 

The experimental results demonstrate that the framework successfully 
operates across diverse operational conditions. Under demanding conditions, 
the framework shows its scalability by managing 15,000 nodes which 
represents better scalability performance compared to Osibo and Adamo 
(2023) findings where optimal scalability occurred at 12,000 nodes. The AI-
powered cooling optimization system delivered monthly energy savings 
between 350 kWh in minimal load situations to 696 kWh in peak load 
conditions thus showing its effective cooling capabilities. The research found 
renewable energy produced 60% of required total power even in resource-
limited cases thus exceeding results from Kang and Youn (2019), that 
reached maximum renewable energy production of only 50%. The framework 
maintained high energy stability at peak loads because it demonstrated only 
a small reduction from 90% to 78% throughout challenging situations. 

Less renewable energy potential areas should depend on mixed power 
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systems made of grid electricity along with storage technologies to stabilize 
their power grids while preserving renewable supply availability. Better 
optimization is necessary for artificial intelligence systems that automatically 
rebalance system loads in varying situations to improve general energy 
allocation performance. Adoption of renewable energy sources under policy 
incentives with subsidies would assist to hasten the process of 
implementation in places with limited resources. The research shows how to 
enhance the application and general use of the framework as it validates its 
ability to operate in many conditions. 

 
4.6. Comparative Analysis with Literature 
The performance metrics of the proposed zero-carbon framework underwent 
evaluation by comparing them with established studies from different sources. 
Server utilization and scalability along with cooling energy savings while 
reducing carbon emissions comprised the essential evaluation criteria. The 
proposed framework demonstrates superior performance compared to 
existing systems because it offers better scalability together with enhanced 
energy efficiency. The framework demonstrates its capability in managing a 
maximum of 15,000 nodes alongside 88% server utilization thus setting new 
performance benchmarks for large-scale high-performance environments. 
 

Table 2. Performance Metrics Comparison from Proposed Framework vs. 
Existing Studies 

Metric 
Proposed 

Framework 
Osibo & 
Adamo  

Kang et al.  Li et al. 

Cooling Energy Savings 
(%) 

42 35 30 38 

Carbon Emissions 
Reduction (%) 

75 60 - 65 

Server Utilization (%) 88 75 80 78 
Nodes Managed (max.) 15,000 12,000 10,000 13,000 

Renewable Energy 
Utilization (%) 

85 70 50 60 

 
The proposed framework demonstrates an improved performance based 

on its comparative analysis results. The proposed AI-driven cooling system 
delivers cooling energy savings of 42% which exceeds the reported levels of 
35% and 38% from Osibo and Adamo (2023) and Li et al.(2022), due to its 

superior efficiency. The framework delivers 75% reduced carbon emissions 
which exceeds Osibo and Adamo (2023)  by an additional 15% and 
surpasses Li et al. (2022), with 10% more environmental advantage. 

The framework proves superior to Kang and Youn (2019), because its 
server utilization level exceeds their reported maximum of 80% by reaching 
88%. The framework demonstrates superior scalability since it supports 
15,000 nodes better than both Osibo and Adamo (2023) running 12,000 
nodes and Li et al. (2022)  operating 13,000 nodes. The framework succeeds 
in integrating renewable resources effortlessly because it achieves an 85% 
renewable energy utilization rate. 

Including predictive analytics and machine learning features into 
augmented AI algorithms will help the framework perform better, thus 
improving dynamic resource management and therefore scalability and use 
will be boosted. For regions with variable resources, combining hybrid power 
systems with blending renewable energy sources with current grid power 
grids generates higher stability. The regulatory platform should be tested 
within complex workloads located in healthcare and financial services sectors 
to demonstrate its widespread industrial applicability. The resulting insights 
demonstrate that the framework provides possibilities to enhance sustainable 
operations in data centers and their energy efficiency. 

 
4.7. Limitations and Future Directions 
The proposed framework shows enhanced sustainability and efficiency but 
needs specific improvement measures to establish wide-based usability and 
scale. The main hurdles involve inexpensiveness of renewable energy supply 
and variations in availability alongside AI-induced biases affecting resource 
administration. The limitations affect the ability to implement the system 
mainly because they appear when areas lack renewable resources or 
organizations struggle with monetary restrictions. The strategy which deals 
with these problems will boost the framework's stability and provide equal 
access to it. 
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services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
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Table 3. Identified Limitations and Mitigation Strategies for Zero-Carbon 
Frameworks 

Limitation Impact Proposed Mitigation 
Renewable Energy 

Variability 
Limited energy availability Hybrid systems integrating grid 

power 
Initial Investment Cost Barriers for smaller 

organizations 
Subsidies or shared infrastructure 

Algorithmic Bias Uneven resource allocation Regular model updates and 
retraining 

Geographic 
Dependence 

Challenges in renewable 
adoption 

Regional policies promoting 
renewables 

Maintenance 
Complexity 

Increased operational 
oversight 

Automated predictive 
maintenance systems 

 
The power supply stability remains dependent on hybrid systems when 

regions face decreased energy availability due to solar and wind power 
reaching 40% reduction levels. Less affluent companies find an initial cost of 
$150,000 to be a significant financial burden; nevertheless, shared solar 
community infrastructure might assist lower costs by 25% to 35%. Frequent 
updates of models assist to minimize algorithmic bias, hence lessening the 
variation in allocation between 15% and 20%. This method enhances 
operational efficiency of resource systems as well as fairness procedures. 
The functioning of the framework becomes appropriate for under-resourced 
locations as it integrates power grids with energy storage technologies 
guaranteeing system stability during periods of renewable energy shortage. 
Adoption of this framework gets financial backing from government subsidies 
and grants, which help smaller companies to use it. Together with regular 
model retraining, AI-driven improvement using justice algorithms helps avoid 
biases in allocation processes, hence fostering dependability in diverse 
environments. 

According to Osibo and Adamo (2023) researchers found comparable 
renewable power fluctuations yet their work did not include complete hybrid 
system designs. Kang and Youn. (2019) worked to enhance algorithmic 
efficiency in their study while neglecting the evaluation of fairness impacts. 
This framework combines diverse strategies that create an integrated 
approach to technological progress alongside equal deployment of systems. 
The framework will reach higher levels of accessibility together with reliability 
as well as scalability through the resolution of identified gaps thus becoming 

compatible with numerous organizational needs and environmental 
conditions. 

 
5. Discussion  
The research presents a complete framework which connects artificial 
intelligence system drainage with renewable power generation technology in 
combination with flexible resource scheduling methods. The innovative 
solutions operate together to resolve essential challenges which affect energy 
efficiency and carbon emissions reduction as well as scalability and economic 
sustainability. The findings integrate describing, explaining and predicting 
theoretical principles to understand research implications and suggest new 
paths for development. The advanced technologies within the framework 
successfully combine powerfully to minimize both energy usage and 
environmental degradation factors. The advancement of AI-enhanced cooling 
systems creates improved heat efficiency performance that matches the 
modular immersion cooling techniques described in Chen et al.(2023). 
Renewable energy integration expands on sustainable operations through 
strategies which were originally proposed by Mondal et al. (2023). The 
findings establish that this framework develops and enhances existing 
research in the field. The dynamic resource allocation features of the 
framework enhances previous findings regarding virtual machine allocation 
by Renugadevi et al. (2020), through a more complete real-time energy 
optimization strategy. 

The framework depends on the essential connections between Artificial 
Intelligence systems and renewable energy management as well as 
scalability. The intelligent cooling systems built with artificial intelligence 
achieve reduced energy usage as well as improve system stability while 
validating the integrated energy management strategies discussed by Guitart 
(2017). 

Renewable energy systems exhibit variations-handling capabilities in 
accordance with research presented by Yue et al. (2022) about source-grid-
load-storage integration. Scalability features in the framework extend to large-
scale networks while maintaining optimal performance according to Kang and 
Youn.(2019). The combination of predictive algorithms facilitates dynamic 
load management effectiveness thereby demonstrating how energy 
optimization works together with operational scalability. 
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This analysis shows its capabilities for predicting sustainable solutions 
which can apply to various scenarios. The framework's adaptation for 
particular geographic regions would boost its operational effectiveness 
especially because certain regions possess minimal renewable energy 
resources. The necessity to use hybrid power systems in regions with limited 
resources matches the sustainability approach published in Osibo and 
Adamo (2023). The framework structure and modularity allow cost-effective 
deployment for mid-level businesses which supports recommendations from 
Fatima and Ehsan (2023). AI algorithm developments will improve energy 
management systems while ensuring distribution equity according to Hussain 
et al. (2024). 

The framework displays strengths but requires solutions for its widespread 
adoption at present. Areas with unstable solar and wind resource patterns 
face challenges regarding renewable energy variability thus notes Lykou et 
al. (2018). The high expenses for starting up projects act as a barrier to 
smaller organizations according to the findings in Asif et al. (2023). The 
implementation of AI-generated resource allocation systems raises concerns 
about discrimination based biases which emerge during unexpected 
operational conditions according to Bashir et al. (2021). The problems justify 
utilizing hybrid energy systems and creating regional policy supports along 
with improved algorithms for improving system reliability and accessibility. 

This study's main benefit consists of transforming academic ideas into 
practical operational approaches. In a similar manner to Mahmud’s (2016) 
work that focused on sustainable resource management the proposed 
framework illustrates how modern technology can tackle real-world 
sustainability issues. The model demonstrates practical utility because it 
works well in regions with various resource levels ranging from high to low 
and from medium to high. 

The debate combines results on the suggested framework by 
characterizing its features and clarifying their operation with predictions about 
future results that meet the limits of green computing research. The 
suggested framework integrates hybrid energy system integration with 
artificial intelligence advances and economic efficiency tactics for worldwide 
application, hence establishing a sustainable data center model. The project 
promotes active IT sustainability research under circumstances to progress 
and support fair technology use in several operational spheres. 

6. Conclusions 
The innovative zero-carbon conceptual structure presented in this article 
addresses contemporary sustainability and energy efficiency challenges in 
data center operations. The dual green objectives are met through a 
combination of AI-cooled facilities, renewable power generators, and 
distributed resource distribution methodologies. This research demonstrates 
how integrating these technologies allows for smooth functioning, balancing 
scalability needs with sustainability goals and paving the way toward 
sustainable IT infrastructure. 

Through this framework, organizations can achieve maximum 
performance while reducing energy usage and emissions with heightened 
reliability levels. The system accommodates various cloud environment 
requirements, ranging from large to small operations. The framework's 
adaptive nature allows for worldwide deployment in regions with differing 
levels of renewable energy source accessibility. Despite initial implementation 
costs, the framework demonstrates financial feasibility and provides 
organizations with sustainable long-term solutions. 

The research fulfills its stated objectives, but additional studies should be 
conducted in specific areas. Solar and wind power systems maintain high 
efficiency when deployed in resource-abundant areas, although they may 
pose challenges in maintaining consistency in locations with inconsistent 
supply patterns. Advanced energy storage combined with grid power hybrid 
energy systems should be employed to address this issue and ensure 
continuous operations. Furthermore, while the use of artificial intelligence has 
shown advantages for resource allocation and energy management, its 
potential biases under uncertain circumstances necessitate constant 
improvement of fairness-oriented algorithms. 

The current study presents several directions for further investigation. 
Important future stages include advancing AI capabilities to better manage 
dynamic energy demands, refining renewable energy integration techniques, 
and scaling the framework to meet the needs of emerging digital 
technologies. Collaboration across sectors, legislators, and academics will 
enhance the adoption of such models, ensuring their widespread acceptance 
and ongoing development. 

The article significantly contributes to the discussion on environmentally 
friendly IT practices. Beyond the stated objectives of energy efficiency and 
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carbon reduction, the proposed architecture creates a scalable and flexible 
platform for zero-carbon data centers. This study provides a foundation for 
future innovation by addressing the challenges of environmental sustainability 
in the digital age, thereby bridging the gap between technology and global 
sustainability goals. 
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1. Introduction

Due to the rapidly evolving information and digital technologies, the world is moving 
towards an open data economy (He, Huang, & Zhou, 2023)� Open data can be 
used as a tool to foster innovation and enhance financial services� Customer data 
sources in open banking can help fintech companies provide more innovative 
financial services and better facilities to customers (O’Leary et al�, 2021)� On the 
other hand, these data can also be used as a tool to increase customer trust and 
reduce fraud rates in the financial industry (Zachariadis, 2020)� Therefore, it is 
critical to maintain the accuracy, integrity, and privacy of this data� For the effective 
utilization of open data in open banking, solutions have been proposed to manage 
and uphold quality and privacy� Some of these solutions are (Sullivan, Miller, & 
Montes, 2021)�

�	The use of modern technologies to protect the customers’ privacy, such as 
information encryption and cloud servers;

�	Creating detailed and transparent policies for managing open data and 
protecting customer privacy;

�	Providing training to banking employees and fintech companies regarding 
customer privacy and open data management;

�	Creating effective systems for managing customer consent in open banking 
and maintaining privacy;

�	Creating effective systems to manage access to open data and control access 
to this data;

�	Creating effective systems to manage security risks and maintain the security 
of open data;

�	Creating effective systems for managing and maintaining the quality of open 
data and ensuring the accuracy and correctness of these data�
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�

Table 1. Dimensions of data quality, their definitions and categories  
(Wang & Strong, 1996)

Category Dimension Definition of the dimensions

Intrinsic accuracy The extent to which data is error-free, correct, and 
reliable�

objectivity The extent to which data are unbiased�

believability The extent to which the data is believable�

reputation The extent to which data are trusted or highly regarded in 
terms of their source�
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carbon reduction, the proposed architecture creates a scalable and flexible 
platform for zero-carbon data centers. This study provides a foundation for 
future innovation by addressing the challenges of environmental sustainability 
in the digital age, thereby bridging the gap between technology and global 
sustainability goals. 
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Since data quality has various dimensions beyond accuracy and privacy, 
each dimension holds its own significance� This research takes a comprehensive 
approach by considering different aspects of data quality in the realm of open 
banking� In fact, the problem we aim to investigate and solve in this research is 
the neglect and lack of attention to the various aspects of data quality in the field 
of open banking� This oversight can lead to improper performance in providing 
services within this sector� In other words, the services provided in open banking 
may be acceptable in some aspects of data quality, but the lack of attention to 
other aspects of data quality makes the overall performance of the services 
unacceptable� For instance, a service may offer highly accurate data, but this 
information may not be current for the intended activity, or it may be accurate but 
lack acceptable consistency� Therefore, it is necessary to investigate the issue 
of data and its quality comprehensively in the field of open banking� Different 
dimensions of data quality should be considered in this context�

Accordingly, one of the most well-known and cited frameworks in the field of 
data quality, Wang and Strong’s framework (1996), has been used as the basis 
for investigating the dimensions of data quality in the field of open banking� In this 
framework, fifteen dimensions of data quality are defined across four categories� 
In Table 1, these fifteen dimensions are presented along with their definitions and 
corresponding categories�
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