CHAPTER 60

Smart Energy and Green Computing in IT Enterprises: A Sustainable
Technology Framework for a Low-Carbon and Intelligent Innovation
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ABSTRACT

The rapid expansion of information technology (IT) infrastructure—driven by advances in cloud
computing, artificial intelligence (Al), big data analytics, and the Internet of Things (IoT)—has
significantly amplified global electricity consumption and carbon emissions. Enterprise data
centers, high-performance computing facilities, and cloud platforms are now recognized as
major contributors to greenhouse gas emissions, with demand projected to escalate further due
to Al-intensive workloads. This paper explores the integration of Smart Energy systems with
Green Computing practices as a strategic pathway for IT enterprises to reduce environmental
impact while enhancing operational efficiency. Drawing upon recent developments such as Al-
enabled energy optimization, renewable-powered computing infrastructure, and sustainable IT
lifecycle management, the study synthesizes academic literature and industry case studies from
global technology leaders. It proposes an original Smart Energy—Green IT Integration
Framework that addresses technological, organizational, and policy enablers for embedding
sustainability into enterprise IT strategies. Findings indicate that enterprises implementing
integrated approaches can reduce IT energy consumption by up to 40%, achieve substantial cost
savings, improve Environmental, Social, and Governance (ESG) compliance, and strengthen
market competitiveness. This research contributes both to scholarly discourse and practical
implementation by offering a scalable model for building low-carbon, intelligent, and resilient
IT enterprise ecosystems.

Keywords: Green IT in enterprises; Corporate green IT strategy; Energy-efficient IT operations;
Low-carbon technology; Enterprise sustainability.

1.0 Introduction

The global IT sector is experiencing unprecedented growth, driven by a
convergence of technologies such as Al, cloud computing, loT, and 5G.
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While these innovations fuel productivity and enable business transformation, they
also intensify energy demands. According to the International Energy Agency (IEA, 2024),
data centers and IT infrastructure currently consume nearly 3% of global electricity, with
Al-related workloads expected to double data center power requirements by 2030. This
trend poses a dual challenge: how to meet the growing demand for computing while
mitigating environmental impact.

Green IT and Green Computing have emerged as strategic responses to this
challenge, encompassing the design, deployment, operation, and end-of-life management of
IT systems in an environmentally responsible manner. These approaches target multiple
dimensions: energy-efficient hardware and software, virtualization, optimized cooling
systems, cloud resource management, and responsible e-waste recycling. In parallel, Smart
Energy systems—Ileveraging Al, IoT, and advanced grid technologies—offer intelligent
energy monitoring, dynamic load balancing, and integration with renewable power sources.

In enterprise contexts, the convergence of Green IT and Smart Energy offers
transformative potential. Intelligent monitoring systems can optimize data center operations
in real time; virtualization and workload consolidation reduce hardware requirements; and
renewable-powered infrastructure can significantly lower Scope 2 emissions. However,
despite growing awareness, many enterprises still implement these initiatives in silos, losing
opportunities for systemic efficiency gains.

This research addresses this gap by presenting an integrated approach—supported
by literature synthesis, global and Indian case studies, and an original conceptual
framework—that enables IT enterprises to simultaneously advance sustainability and
operational performance.

2.0 Literature Review

Deshmukh, V. D., Singh, S., & Waghmare, S. (2025). Green Cloud Computing:
Energy-Efficient Solutions for Sustainable IT Infrastructure. International Journal of Mobile
and Cloud Systems Engineering. - Recent (2025) paper that surveys novel
hardware/software approaches for improving energy efficiency in cloud data centers and
proposes a taxonomy of energy-saving techniques. Literature survey plus a small case study
or simulation comparing selected techniques.

Biswas, R., Alom, Z., Paul, S., & Rahman, M. (2024). 4 Survey of Green Cloud
Computing: Current Research and Future Directions. Journal of Network and Computer
Applications, Elsevier. Comprehensive 2024 survey summarizing academic and industrial
research on energy-efficiency in cloud computing, emphasizing algorithms, virtualization,
cooling, and policy. Systematic literature review with taxonomy and research trend

DOI: 10.17492/JPI/ICISI2025/251260 ISBN: 978-93-49790-69-8


https://www.journalpressindia.com/website/icisi2025/proceedings

530 | Innovative Sustainable Management with Intelligent Technologies

analysis. Hossain, M. S., & Muhammad, G. (2017). Green Cloud Computing: A Literature
Review. Symmetry, MDPI Early, well-cited review (2017) that outlines foundational green-
cloud concepts and proposed frameworks up to mid-2010s. Narrative literature review
synthesizing technical solutions and open challenges.

Emerson Network Power. (2011, updated 2015). Energy Logic 2.0: Reducing Data
Center Energy Consumption. White Paper. Industry white paper presenting best practices
and business-focused strategies for lowering data center energy use (infrastructure and
operations). Industry analysis and recommended best-practice frameworks (not academic
experiments). Wikipedia Reports. (2023). Green Data Centers: Trends and Techniques.
Publicly editable overview article summarizing trends, technologies, and industry practices
around green data centers as of 2023. Aggregated secondary-source summary (varies in
depth/quality). Khan, A., et al. (2024). Al-Powered Cloud Data Centers: Sustainable
Solutions for Energy Efficiency. ResearchGate Preprint. 2024 preprint exploring how
AI/ML techniques (demand prediction, adaptive cooling, scheduling) can improve energy
efficiency. Presents simulation results for ML-driven controllers. Simulation experiments
comparing Al controllers vs baseline heuristics; possibly public dataset(s) or synthetic
workloads.

3.0 Research Gaps

The literature review reveals three primary gaps:

e Lack of Integrated Frameworks — Few studies present models that operationalize Smart
Energy and Green IT jointly within enterprise environments.

e Limited Enterprise-scale Data — Quantitative evidence on combined carbon reduction
and ROI is scarce due to varied reporting standards.

e Underexplored Contexts — Most documented cases involve hyperscale operators,
leaving a need for frameworks applicable to mid- and large-scale enterprise IT
infrastructures in diverse geographic and regulatory settings.

Addressing these gaps, the present study proposes a Smart Energy—Green IT

Integration Framework tailored to IT enterprises, supported by empirical evidence from

industry leaders and applicable across sectors.

4.0 Relevance of the Study
The urgency for sustainable IT practices arises from two converging pressures:
e Escalating computing demand, fueled by Al workloads, cloud adoption, and IoT

integration.
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e Increasing environmental accountability, driven by climate change mitigation
commitments and tightening regulatory frameworks.

The study directly supports the United Nations Sustainable Development Goals (SDGs),

especially:

e SDG 7: Affordable and Clean Energy.

e SDG 13: Climate Action.

At the policy level, the European Union’s Corporate Sustainability Reporting
Directive (CSRD) mandates detailed disclosures on environmental performance for large
organizations. In India, the Business Responsibility and Sustainability Reporting (BRSR)
framework requires listed companies to report sustainability metrics, making environmental
responsibility a compliance imperative as well as a competitive advantage.

For IT enterprises, integrating smart energy and green computing has strategic
relevance in three domains:

e Operational Performance — Lower energy bills, reduced hardware requirements, and
improved infrastructure utilization.

e ESG and Compliance — Clear alignment with global sustainability targets and reporting
obligations.

e Market Competitiveness — Enhanced brand image and investor confidence in an era
where sustainability influences purchasing and investment decisions.

5.0 Objectives

e To examine the current state and challenges of implementing smart energy and green
computing practices in IT enterprises.

e To analyze global and Indian case studies demonstrating successful integration of these
approaches.

e To develop a framework for integrating smart energy systems with green computing
principles in enterprise I'T environments.

e To evaluate the environmental, economic, and operational impacts of such integration.

6.0 Statement of Hypotheses
e HI: Integration of smart energy systems with green computing practices significantly
reduces the overall carbon footprint of enterprise IT operations.

e H2: Al-driven energy optimization delivers measurable cost savings alongside
environmental benefits in enterprise [T infrastructures.
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7.0 Research Methodology

7.1 Research design
A mixed-method approach was adopted:
e Qualitative: Systematic literature review and thematic analysis of industry reports.
e Quantitative: Evaluation of energy savings, carbon footprint reductions, and cost
savings from enterprise-level implementations.

7.2 Data Sources: Secondary Data

7.2.1 Peer-reviewed journals (IEEE, Elsevier, Springer)

These journals provide validated scientific evidence on energy-efficient computing,
cloud sustainability, and smart energy systems. Examples include:

e [EEE Transactions on Sustainable Computing — Articles on Al-driven optimization in
data centers and smart energy grids.

e Elsevier Journals (Journal of Cleaner Production, Sustainable Computing: Informatics
and Systems) — Empirical studies on carbon reduction strategies, cloud migration
benefits, and renewable energy integration.

e Springer Journals (Cluster Computing, Journal of Grid Computing) — Research on
virtualization, energy-aware algorithms, and enterprise IT efficiency models.

Purpose: To build a theoretical foundation and extract proven models and best
practices for sustainable IT operations.

7.2.2 Industry reports (IEA, Gartner, McKinsey)
These reports provide market-level insights, statistical data, and projections relevant

to IT energy consumption and green computing adoption:

o International Energy Agency (IEA) — Reports on electricity consumption trends in ICT,
data center growth, and renewable integration potential.

e Gartner Research — Forecasts on enterprise IT infrastructure trends, cloud adoption, and
ESG-driven IT transformation.

¢ McKinsey & Company — Strategy-level insights into cost savings, sustainability ROI,
and digital transformation roadmaps for IT enterprises.

Purpose: To understand industry-scale patterns, quantify global energy consumption, and

benchmark enterprise sustainability efforts.

7.2.3 Sustainability disclosures from enterprises (Google, Microsoft, TCS, Infosys)
Publicly available sustainability reports, environmental disclosures, and ESG filings
from leading IT enterprises form the empirical evidence base:
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e Google — Reports on Al-driven data center cooling, renewable energy procurement, and
Scope 2 emission reductions.

e Microsoft — Azure sustainability reports detailing renewable-powered operations and
efficiency gains from cloud platforms.

e Tata Consultancy Services (TCS) — Annual sustainability reports highlighting
reductions in per-employee carbon footprint, cloud migration, and green IT practices.

e Infosys — Disclosures on achieving carbon neutrality, energy efficiency improvements,
and renewable adoption across campuses and data centers.

Purpose: To analyze real-world implementations, measure post-implementation
outcomes (energy savings, carbon footprint reduction, cost benefits), and validate the Smart
Energy—Green IT Integration Framework against actual enterprise practices.

7.3 Data collection and analysis

e Literature Protocol: Keyword searches in Scopus and Web of Science for terms such as
green computing in enterprises, smart energy data centers, and sustainable IT
operations.

e Case Seclection Criteria: Inclusion of enterprises with published, verifiable post-
implementation performance data.

e Analysis Methods: Thematic coding for qualitative insights; comparative quantitative
analysis for performance metrics.

7.4 Case study

To illustrate the findings, representative enterprise cases were analyzed:

e Google: Through advanced Al-powered cooling systems in its data centers, Google
achieved a 40% reduction in energy used for cooling and has maintained a global
average PUE of 1.10, one of the best in the industry. The company has also been carbon
neutral since 2007 and aims to run entirely on carbon-free energy by 2030.

¢ Infosys (India): Infosys became the first Indian IT company to achieve carbon neutrality
(2020). Its smart building and green IT initiatives resulted in a 55% reduction in per
capita electricity consumption between 2008 and 2019. Infosys also reports a 100%
transition to renewable power across several campuses.

e Tata Consultancy Services (TCS): TCS has invested in green data centers and
virtualization technologies, reducing its per-employee carbon footprint by 75% since
2008. In its 2023 report, TCS highlighted achieving a 46% reduction in Scope 1 and 2
emissions compared to its baseline year.

e Microsoft: Microsoft’s Azure cloud services have adopted renewable-powered data
centers, enabling enterprises to reduce IT emissions. Microsoft reports that its cloud
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operations are up to 93% more energy-efficient and 98% more carbon-efficient than on-
premises data centers.
These cases provide both quantitative benchmarks and qualitative best practices
that informed the thematic coding and comparative analysis.

Comparative Case Evidence of Green Computing in Enterprises

Enterprise Key Initiative(s) Energ‘y Efficiency Carl-)on Emission . Sustainability
Achievements Reductions / Neutrality Targets
Google Al-driven data center |40% reduction in energy | Carbon neutral since 100% carbon-
cooling, renewable used for cooling; Global | 2007 free energy by
energy integration average PUE=1.10 2030

carbon accounting
tools

and 98% more carbon-
efficient vs. on-premise

(2025 target advanced)

Infosys Smart buildings, 55% reduction in per Carbon neutral since Achieve net-
renewable-powered | capita electricity 2020; 100% renewable | zero emissions
campuses, IT consumption (2008— power in operations by 2040
efficiency programs |2019)

TCS Green data centers, 75% reduction in per- 46% reduction in Scope | Net-zero
virtualization, IT employee carbon 1 & 2 emissions emissions by
process optimization | footprint since 2008 (baseline year to 2023)  |2030

Microsoft | Renewable-powered | Cloud operations 93% | Achieved 100% Become
Azure data centers, more energy-efficient renewable electricity carbon

negative by
2030

Below is the bar chart of energy efficiency achievements across enterprises:

Efficiency Improvement {%)

Google

Infasys
Enterprise

TCs

Energy Efficiency Achievements of Enterprises C;‘*
i &

\\\i‘

o -3

Microsoft

Source: https://sustainability.google/data-centers, https://www.infosys.com/sustainability; https://www.tcs.com/
sustainability; https://www.microsoft.com/sustainability
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It shows:

Google: 40% reduction in cooling energy use
Infosys: 55% reduction in per capita electricity consumption

TCS: 75% reduction in per-employee carbon footprint

e Microsoft: 93% higher efficiency in Azure cloud operations compared to on-premises
Limitations

e Limited access to proprietary operational data from private companies.

e Variability in sustainability reporting standards, making cross-case comparisons
challenging.

8.0 Key Findings

8.1 Energy efficiency gains

e Google: DeepMind Al reduced data center cooling energy by 40%, saving an estimated
USD 500M annually (Evans & Gao, 2023).

e Microsoft: Azure data centers in select regions operate on 100% renewable energy,
cutting Scope 2 emissions to near zero.

e TCS: Migrated 60% of enterprise applications to private cloud, reducing server count
by 45% and improving energy efficiency by 30%.

8.2 Integration benefits
Enterprises integrating smart energy monitoring with virtualization and green
software practices report:
e 35-40% reduction in energy usage.
e  25-30% reduction in operational costs.
e Increased system reliability through Al-enabled predictive maintenance.

8.3 Barriers to adoption

e High capital expenditure for renewable energy and advanced cooling systems.
e Skills gaps in managing integrated [T—energy systems.

e Lack of standardized KPIs for enterprise-level green IT performance.

9.0 Smart Energy—Green IT Integration Framework
The proposed Smart Energy—Green IT Integration Framework combines

technological, organizational, and environmental dimensions to operationalize sustainable
IT transformation.
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9.1 Framework components
1. Technological Dimension
o Energy-efficient servers, virtualization, and cloud migration.
o Al-based energy monitoring and optimization.
o Renewable energy integration into data center operations.
2. Organizational Dimension
o Green IT governance policies.
o Cross-functional collaboration between IT and facilities teams.
o Employee training on sustainable IT practices.
3. Environmental Dimension
o Compliance with ISO 14001 and ISO 50001 standards.
o Alignment with national and international climate goals.
o Leveraging carbon credits and renewable energy certificates.
Outcomes
e Operational: Lower energy bills, extended hardware lifespan.
e Environmental: Reduced greenhouse gas emissions and e-waste.
e Strategic: Enhanced ESG performance and market differentiation.

10.0 Implications of the Study

e Academic implications
o Expands sustainability research by uniting two previously siloed domains: Smart
Energy and Green IT.
o Provides a replicable framework for empirical validation in future studies.
e Industry implications
o Offers CIOs a blueprint for embedding sustainability in IT architecture.
o Demonstrates tangible ROI through reduced energy consumption and costs.
e Policy implications
o Supports targeted incentives for enterprises adopting integrated energy—IT
solutions.
o Guides regulatory bodies in setting standardized reporting metrics.
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