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Abstract

The Bharat 6G Vision aspires to transform India into a digitally advanced,
economically robust, and environmentally sustainable nation through the
deployment of cutting-edge 6G technology. To achieve this, it is imperative to
integrate clean energy, Artificial Intelligence (AI), and multi-business model
innovations. The urgency for such integration stems from the need to address
escalating energy demands, mitigate climate change, and enhance economic
sustainability. The current energy framework faces challenges in efficiency,
cost, and environmental impact, necessitating a comprehensive solution. Our
proposed methodology involves developing Al-driven energy management
systems that optimize energy consumption in real-time, integrating renewable
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energy sources into a smart grid infrastructure, and employing advanced
energy storage solutions. We also advocate for the creation of circular sus-
tainable multi-business model approach with Energy-as-a-Service (EaaS) and
circular economy principles to reduce financial barriers and promote sus-
tainability. Central to our approach are the establishment of Green Industry
Zones (GIZ) and Green Residential Zones (GRZ), which serve as practical
applications of these business model innovations. Our research direction
includes scaling these initiatives to develop smart sustainable cities that
encompass both residential and industrial sectors. Case studies highlight
successful implementations in these smart cities, demonstrating enhanced
clean energy efficiency and sustainability. By integrating Al, clean energy,
and innovative business models, we contribute to the realization of the Bharat
6G Vision.

Keywords: Bharat 6G, clean energy, multi business model innovation,
artificial intelligence.

1 Introduction

The rapid evolution of global telecommunications technology is poised to
enter a transformative phase with the advent of sixth-generation (6G) net-
works. India’s energy sector, while undergoing significant transformation,
continues to face challenges related to efficiency, sustainability, and security.
Traditional energy management approaches are increasingly inadequate in
the face of rising demand, environmental concerns, and the need for real-
time responsiveness. The integration of Al in energy management systems
offers a promising solution, enabling real-time optimization of energy con-
sumption, enhanced integration of renewable energy sources, and predictive
maintenance to reduce operational disruptions [1, 2]. The need for innovative
business models and combination of business models — the multi business
model approach [3] that reduce financial barriers to adopting advanced tech-
nologies has become more pressing. Multi-business model innovations, such
as EaaS and circular economy principles, provide viable pathways for cir-
cular sustainable energy business models by spreading costs and promoting
resource efficiency. These business models support the economic viability
and scalability of clean energy technologies, making them accessible to a
broader range of users, customer, networks, and Business Model Ecosystems
[3, 4]. Sustainable means energy sources and technologies that meet present
energy needs without compromising the ability of future generations to meet
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their needs. And Circular sustainable clean energy builds upon the princi-
ples of sustainable clean energy by integrating concepts from the circular
economy [5]. It emphasizes the use of renewable resources, recycling, reuse,
and efficient management of energy and materials throughout their lifecycle.
This could result in waste from one BM could be a resource to another BM
with an economic and social surplus to an entire chain of business models
in a Business Model Ecosystem (BMES) or across vertical and horizontal
BMES [6].

Even, Bharat 6G vision leverages advanced telecommunications infras-
tructure to integrate Al, innovative business models, and clean energy
practices into a cohesive and scalable energy framework. Bharat 6G’s high-
speed connectivity, low latency, and massive device connectivity capabilities
are essential for real-time data collection, analysis, and management across
distributed environments and business models [7]. However, the pursuit of
the Bharat 6G vision presents a multifaceted challenge that requires a cohe-
sive integration of advanced technologies and innovative business models
to establish a circular sustainable clean energy framework. India’s growing
energy demand, coupled with the imperative to reduce carbon emissions and
enhance energy security, underscores the need for a transformative approach
to energy business model leadership and management. Traditional energy
systems and related business models are plagued by inefficiencies, high costs,
volatile prices, and a heavy reliance on non-renewable sources, which are
unsustainable and environmentally detrimental. The current energy infras-
tructure lacks the flexibility and intelligence to adapt to real-time demands
and integrate renewable energy sources effectively. The financial barriers
hinder the widespread adoption of advanced energy solutions, while existing
business models do not adequately incentivize sustainability [8]. Further the
existing clean energy technology do not secure measurement of the energy
production if it is circular and sustainable on all 3 dimensions of the triple
bottom line parameters [6].

To realize the Bharat 6G vision and establish a circular sustainable clean
energy framework, a comprehensive methodology integrating artificial intel-
ligence, clean energy technologies, and multi-business model innovations
will be implemented. Al-driven systems will be developed to optimize real-
time energy consumption, predict renewable energy generation, and manage
storage solutions, thereby enhancing efficiency, sustainability and circularity.
Clean energy technologies, such as solar and wind, will be integrated into
the energy grid, supported by Al for optimal utilization. Innovative Circular
Sustainable business models, including EaaS will be crafted to lower financial
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barriers and promote circular sustainable practices. Bharat 6G’s advanced
connectivity will underpin all these efforts, ensuring seamless integration and
real-time responsiveness.

2 Literature Survey
2.1 Bharat 6G Vision

The Bharat 6G Vision, developed by the Government of India, is a corner-
stone of the “Atma Nirbhar Bharat” Movement, aiming to deliver affordable,
sustainable, and ubiquitous connectivity. This vision seeks to bridge the
urban-rural divide, thereby contributing significantly to the United Nations
Sustainable Development Goals (SDGs) [9] and enhancing the quality of life
for citizens both in India and globally. The vision document outlines a three-
phase implementation strategy. The first phase focuses on basic research in
key interdisciplinary areas to create new intellectual properties. The second
phase aims at translating these research outcomes into potential commercial
technologies. The third phase involves financial support to roll out commer-
cially successful products. One of the core recommendations is to foster
innovative solutions through startups and Centers of Excellence, leveraging
6G technologies to address critical sectors such as water, renewable energy,
healthcare, smart power grids, smart cities, and digital twins. Industrial parks
in India are expected to benefit from the Bharat 6G Vision by contributing
to clean energy initiatives through energy-efficient networks, smart grids, Al-
driven optimization, collaborations with green startups, and multi-business
model innovations. These efforts aim to replicate successful frameworks
globally, fostering a cleaner and greener future energy production that at the
same time are economical and socially sustainable [10].

The integration of renewable energy sources (RES) into power systems is
crucial as RES grows due to decarbonization and sustainability policies. Reli-
able communication networks are essential for connecting RES components
and ensuring quality power delivery. The need for fast and efficient com-
munication networks to support RES is emphasized, as explored [11]. Key
drivers for 6G include connectivity for all things, time-sensitive applications,
and the creation of a high-fidelity holographic society. These advancements
promise to revolutionize communication networks and find applications in
wireless and ultra-massive machine-type communication. Emerging tech-
nologies like the Internet of Everything (IoE) and B5SG/6G connectivity are
expected to transform manufacturing, creating highly connected, intelligent,
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and automated factories capable of predictive maintenance, optimized pro-
duction, and remote monitoring [12].

2.2 Green Lab

The concept of Green Symbiosis Business Value Networks (GSBVN) —
like Green Lab in Skive Denmark suggests that integrating future wireless
technologies, such as 5G and beyond, can enhance economic, environmental,
and social impacts by enabling real-time monitoring and detailed calcula-
tions to support circular sustainable business models [13]. Researchers and
practitioners have explored several key areas for measuring these models:
Green Business Model Design involves creating and consuming business
models that align with environmental goals; Business Model Reconfiguration
focuses on transforming existing business models into green ones; and Green
Business Model Development emphasizes strategic and tactical parameters
specific to green business models. However, challenges persist in defining
green parameters and conducting real-time measurements alongside tradi-
tional business metrics [14] and increasing important social metrics [6]. The
study in [15] highlights the significant impact of green HRM practices and
green innovation on sustainability performance, emphasizing the importance
of environmental management practices in achieving greater sustainability.

Industrial eco-parks exemplify the circular economy, promoting collabo-
rations between businesses across BMES and local communities to generate
environmental, economic and social, benefits. These parks focus on energy,
water, and materials/waste management, often adopting renewable energy
sources and efficient water practices to support industrial symbiosis and
recover waste and material flows [16].

2.3 Multi Business Model Innovation Approach

The study on energy synergies within eco-industrial parks aims to facilitate
the uptake of renewable energy sources at the industrial level, highlighting
the potential for urban-industrial energy symbiosis where excess energy from
industrial plants benefits nearby towns or other Businesses BM’s in the
Symbiosis network [17]. The Multi-Business Model Innovation Approach
posits that businesses operate with multiple business models, encompass-
ing both current (“as-is””) and future (“to-be”) models. This comprehensive
approach considers all levels and dimensions of a business, including value
proposition, user/customer segments, value chain functions, competencies,
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network relations, and value formulas, promoting sustainable and inclusive
growth [3].

The literature focused on the need for innovative frameworks and tech-
nologies to achieve SDGs. The Bharat 6G Vision integrates interdisciplinary
research, commercial technology translation, and financial support to foster
connectivity and sustainability. The Green Lab concept and the Multi-
Business Model Innovation Approach highlight the importance of collabo-
rative networks, advanced technologies, and comprehensive business model
perspectives in driving green and inclusive growth to achieve Circular and
sustainable business. Together, these initiatives provide a holistic approach to
realizing the Bharat 6G Vision and promoting sustainable innovation across
sectors.

3 Methodology

The integration of Al, multi-business model innovation, and the clean energy
creates a synergistic effect where each component enhances the effectiveness
of the others, collectively driving the realization of the Bharat 6G vision. Al-
driven energy management systems play a crucial role by optimizing the use
of energy solutions developed through innovative business models, ensuring
maximum efficiency and minimal waste.

The Figure 1 explains sequence of steps in the process such as developing
Al-driven energy management systems, focusing on creating algorithms for
real-time monitoring and optimization, implementing predictive analytics for
renewable energy generation, and developing dynamic adjustment systems
based on real-time data. Then clean energy technologies are integrated by
incorporating solar, wind, and other renewables into a smart grid infras-
tructure, along with advanced energy storage solutions to ensure a stable
supply. Multi-business model innovations are then developed, EaaS models to
reduce upfront costs, circular economy principles to promote sustainability,
and financial incentives to encourage adoption. Green Labs are established
in various settings to serve as hubs for testing and implementing sustain-
able practices, aiming for green certifications, and providing comprehensive
training. Pilot testing follows, with diverse sites selected for data collection
and analysis, refining solutions based on the results. Successful initiatives
are scaled up through roadmap development, partnerships, and advocacy
to ensure widespread adoption. Continuous monitoring and improvement
are maintained through real-time tracking of key performance indicators,
data analytics, and regular reviews. Finally, knowledge dissemination and
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Figure 1 The process of sustainable clean energy framework under the Bharat 6G vision.

advocacy efforts involve publishing findings, presenting at conferences,
and developing policy briefs to promote sustainable energy practices and
influence industry standards.

Bharat 6G’s advanced telecommunications infrastructure provides the
necessary connectivity for each step, ensuring seamless integration and
real-time responsiveness. The high-speed, low-latency network facilitates
effective Al-driven energy management, supports the dynamic operation of
smart grids, enables efficient data collection and analysis during pilot testing,
and ensures continuous monitoring and improvement. Furthermore, Bharat
6G enhances knowledge dissemination and advocacy efforts through robust
communication platforms, promoting the adoption of sustainable energy
solutions and influencing policy development.

The proposed methodology aims to create an efficient, resilient, and sus-
tainable energy framework, addressing India’s energy challenges and advanc-
ing towards a technologically advanced and environmentally responsible
future.

The proposed framework shown in the Figure 2 the integration of
multiple components within the Bharat 6G Vision to achieve sustainable
innovation. Central to this vision are clean energy, multi-business models,
and Al all interconnected with a focus on GIZ and GRZ. Clean energy
emphasizes the use of renewable sources such as solar and wind power,
integrating these into various sectors to ensure a stable and sustainable
energy supply. Al is utilized for real-time energy management, predictive
analytics, and dynamic adjustment of energy usage, optimizing consumption
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Figure 2 Proposed sustainable clean energy framework under the Bharat 6G vision.

and distribution. Multi-business models, including EaaS and circular econ-
omy principles can make advanced energy solutions accessible without
large upfront investments and promote recycling and sustainability. Finan-
cial incentives and structures are designed to encourage the adoption of
these sustainable practices. GIZ and GRZ serve as practical applications,
demonstrating the feasibility and benefits of these integrated solutions in
industrial and residential settings. The Bharat 6G Vision provides the high-
speed, low-latency connectivity essential for the seamless integration of
these components. The synergy between Al, clean energy, and innovative
business models drives sustainable business model innovation, ensuring
environmentally responsible and operationally efficient solutions.

4 Smart Sustainable City with GIZ and GRZ: A Case Study

Smart City Initiatives represent comprehensive urban development projects
that integrate advanced technologies, including Al and clean energy solu-
tions, to enhance the efficiency of city services, improve quality of life for
residents, and promote sustainability [18, 19]. These initiatives leverage data
analytics, IoT, and connectivity to optimize various aspects of urban living,
such as transportation, energy usage, waste management, public safety, and
healthcare.

In alignment with the Bharat 6G Vision, the development of a Smart
Sustainable City showcases the integration of Al-driven energy management,
clean energy technologies, and multi-business model innovations within GIZ
and GRZ. In the GIZ, Al algorithms and machine learning models optimize
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energy consumption in real-time, leveraging predictive analytics for energy
forecasting and management. Renewable energy sources such as solar and
wind are integrated into the industrial infrastructure, supported by a smart
grid for efficient energy distribution and advanced storage solutions like
large-scale batteries to ensure stability. This has led to significant reduc-
tions in energy wastage, operational costs, and carbon footprints, benefiting
businesses economically and environmentally. Similarly, the GRZ initiative
implements smart home systems for real-time energy monitoring and adjust-
ment, integrates solar panels and community wind turbines, and promotes
sustainable practices like recycling and the use of energy-efficient appli-
ances. Residents experience lower energy bills and enhanced living standards,
while the community contributes to substantial carbon emission reductions.
Extensive pilot testing in both zones provided data for refining Al algorithms
and optimizing energy solutions, demonstrating significant improvements in
energy efficiency and sustainability. The success of these pilots facilitated the
development of a roadmap for scaling these initiatives across wider regions
and sectors, driven by collaborative efforts from government agencies, private
businesses, and research institutions. This case study illustrates the effective-
ness of combining Al, clean energy, and innovative business models to realize
the Bharat 6G Vision, providing a replicable blueprint for sustainable urban
development and underscoring the importance of stakeholder collaboration,
continuous innovation, and supportive policies.

5 Research Directions

The research aims to provide a holistic approach to achieving the Bharat
6G Vision by integrating cutting-edge technologies, promoting sustainable
energy practices, and fostering innovative business models. This comprehen-
sive scope will address the specific needs of India and contribute to global
efforts in sustainable development and technological advancement.

Bharat 6G Vision: The scope includes the development and deployment
of next-generation 6G technologies that offer ultra-high-speed, reliable, and
ubiquitous connectivity. Research will delve into advanced communication
techniques such as terahertz waves, ultra-reliable low-latency communication
(URLLC), and massive machine-type communication (mMTC). Addition-
ally, the study will address the digital divide by ensuring that rural and under-
served areas benefit from these technological advancements. This involves
creating affordable and scalable infrastructure, exploring interdisciplinary
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research to generate new intellectual properties (IPs), and transforming these
IPs into commercially viable solutions. The research will also investigate the
role of 6G in enhancing digital services in key sectors such as healthcare,
education, agriculture, and smart cities.

Clean Energy: The research scope in clean energy focuses on integrating
RES like solar, wind, and hydroelectric power into the national grid, facili-
tated by 6G-enabled smart grids and Al-driven energy management systems.
This includes developing predictive analytics for optimizing energy genera-
tion and consumption, real-time monitoring systems using IoT devices, and
advanced energy storage solutions. The research will explore the establish-
ment of GIZ and GRZ, where sustainable energy practices are implemented
and tested. Collaborations with green startups will be a key area of focus,
promoting innovation in clean energy technologies and applications.

Multi-Business Model Innovation: The scope includes studying how busi-
nesses can innovate and operate multiple business models simultaneously to
achieve sustainability goals. This involves analysing current (as-is) and future
(to-be) business models across various dimensions such as value proposi-
tions, customer segments, value chain functions, and network relationships.
Research will focus on creating frameworks for businesses to transition
smoothly between models, incorporating green business practices and lever-
aging Al for operational efficiency. The scope also extends to developing
metrics for evaluating the economic, environmental, and social impacts of
these multitude of business models. Additionally, the research will explore
international cooperation for replicating successful business frameworks,
fostering global sustainability efforts.

6 Conclusion

The work offers a comprehensive approach to achieve the ambitious goals
set forth by the Bharat 6G Vision under the “Atma Nirbhar Bharat” Move-
ment. The integration of cutting-edge 6G technologies, sustainable clean
energy solutions, and innovative multi-business models forms the crux of
this visionary framework. Establishing GIZ and GRZ as innovation hubs for
piloting these sustainable technologies will drive significant environmental
benefits and operational efficiencies. The multi-business model innovation
approach emphasizes the need for businesses to adopt and transition between
multiple business models, focusing on sustainability and operational excel-
lence. By analysing current and future business models, the research provides
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a framework for businesses to innovate and incorporate green practices,
thereby enhancing their economic, environmental, and social impacts. The
research directions outlined offer a roadmap for further exploration and
development, ensuring continuous improvement and adaptation to emerg-
ing technologies and evolving best practices. The paper provides a holistic
strategy for realizing the Bharat 6G Vision, presenting a synergistic blend
of advanced communication technologies, sustainable energy practices, and
innovative business models. This integrated approach addresses the specific
needs of India but also contributes significantly to global efforts in achieving
sustainable development and technological advancement. The envisioned
smart sustainable city case study exemplifies the practical application of
these concepts, highlighting the potential for creating resilient, efficient, and
environmentally responsible urban ecosystems.
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