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Executive Summary

As the world moves toward a more connected future, the
telecommunications industry is undergoing a rapid
transformation, with the forthcoming transition to 6G
technology representing a significant leap in speed,
connectivity, and functionality. While these advancements
promise to revolutionize industries and societies, they come
with substantial environmental costs. The
telecommunications sector, with its expanding infrastructure,
is contributing to increased greenhouse gas emissions,
electronic waste, and resource depletion. Given these
challenges, integrating sustainability into the core of the
telecommunications industry's future development is not
only desirable but essential.

In this context, the Bharat 6G Alliance (B6GA) has set forth
a vision for India's 6G network that not only focuses on
technological leadership but also incorporates sustainability
at its core. This vision seeks to position India as a global
leader in both telecom innovation and environmental
responsibility. This includes integrating renewable energy
sources, adopting energy-efficient technologies, and
reducing the industry's reliance on fossil fuels. As India
works toward its ambitious climate goals, such as achieving
net-zero emissions by 2070, the telecommunications industry
will play a crucial role in shaping the country's sustainability
trajectory. This report provides a comprehensive analysis of
how sustainability and green energy can be seamlessly woven
into the framework of India's 6G development, ensuring that
technological growth is aligned with environmental
stewardship and social responsibility.

The telecommunications industry consumes energy in User
Equipment (UE), Radio Access Networks (RAN), Core
Networks, and Data Centers. With data consumption
projected to increase exponentially in the coming years, the
industry faces an urgent need to transition to greener
practices. Moreover, the sector generates massive 62 million
tonnes® of electronic waste (e-waste) as devices rapidly
become obsolete, To address these issues, telecom companies
must follow a multi-pronged approach: Improving energy
efficiency,
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Increasing use of renewable sources of energy, and adopting
Circular economy practices that emphasize reducing waste
by extending product lifecycles and recycling materials. In
this approach, several key drivers described below can guide
the telecom sector towards sustainability.

First, there is a need for integrated sustainability governance,
where sustainability goals are embedded into strategic
planning and operations of telecom companies. This requires
strong leadership commitment, with executive-level
sustainability committees driving initiatives that align with
both national and global environmental targets. By
institutionalizing sustainability, telecom companies can
enhance their resilience and adaptability in a rapidly
changing environmental and regulatory landscape. Telecom
companies must work closely with regulators, policymakers,
and industry associations to advocate for supportive policies
that promote sustainability in the telecom sector. Moreover,
public-private partnerships can be instrumental in driving
innovation and creating an ecosystem where sustainability
becomes a shared responsibility across stakeholders.

The expansion of 5G and future 6G networks will necessitate
massive investments in infrastructure, from towers and base
stations to data centers. These investments present an
opportunity to build greener networks from the ground up,
possibly by increasing the use of open networks. Telecom
operators must prioritize energy-efficient hardware, adopt
Al-driven optimization technologies to manage network
traffic more efficiently, and integrate renewable energy
sources, such as solar and wind power, to reduce reliance on
grid electricity. In rural and off-grid areas, where access to
traditional energy sources is limited, deploying telecom
towers with renewable energy sources can significantly
reduce emissions and operating costs.

With the rapid pace of technological innovation, devices and
equipment often have short lifecycles, leading to a growing
e-waste problem. The adoption of circular economy
principles can help mitigate this issue by extending the life
of telecom products through repair, refurbishment, and

remanufacturing. Telecom companies should also

implement take-back programs, incentivizing consumers to
return old devices for proper disposal or recycling. In
addition, investments in state-of-the-art recycling facilities
can recover valuable materials such as rare earth metals,
which can be reused in the production of new devices. This
not only reduces the environmental impact of resource
extraction but also creates economic opportunities in the
recycling and refurbishment industries.

Another critical aspect discussed in the report is the
reduction of Scope 1, 2, and 3 emissions across the telecom
value chain. Scope 1 emissions refer to direct emissions,
Scope 2 emissions are indirect emissions, and Scope 3
emissions encompass all other emissions from upstream and
downstream value chains. The report underscores that
addressing Scope 3 emissions is particularly challenging, as
they are often outside the direct control of telecom
companies. However, by engaging with suppliers, adopting
more sustainable materials, and encouraging energy-
efficient practices among consumers, telecom operators can
make meaningful progress in reducing their overall carbon
footprint.

In conclusion, this report offers a holistic framework for
integrating sustainability into India’s telecommunications
industry as it moves toward the 6G era. By focusing on green
energy, circular economy practices, emissions reduction,
policy advocacy, and digital inclusion, the Bharat 6G
Alliance can drive the industry toward a more sustainable
and responsible future. The challenges are significant, but
with coordinated action and a long-term vision, the Indian
telecom sector can achieve both technological excellence
and environmental stewardship.
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Introduction

The global telecommunications landscape is on the
cusp of a transformative leap with the emergence of
sixth-generation (6G) wireless technology. Anticipated
to deliver ultra-high speeds of up to 1 terabit per
second? and near-instantaneous latency, 6G is set to
revolutionize  connectivity, enabling advanced
applications such as immersive extended reality (XR),
high-fidelity =~ holographic =~ communications, and
pervasive artificial intelligence integration. This
evolution is driven by an unprecedented surge in data
consumption and the exponential growth of connected
devices. According to the Ericsson Mobility Report
2024, global mobile data traffic is projected to reach
313 exabytes per month by the end of 2028, a
substantial increase from 88 exabytes per month in
20223, However, this rapid expansion presents
significant environmental challenges. The Information
and Communications Technology (ICT) sector
currently accounts for approximately 1.4% to 2% of
global greenhouse gas emissions, a figure comparable
to the aviation industry*. Without sustainable practices,
and with an almost certain increase in the number of
devices and in the density of the 6G network, this
percentage could rise, exacerbating climate change
concerns. Recognizing these challenges, the Bharat 6G
Alliance (B6GA) envisions a 6G ecosystem that not
only pioneers technological advancements but also
embeds sustainability at its core. By integrating green
principles into 6G development, B6GA aims to position
India as a leader in sustainable telecommunications,

* International Energy Agency (IEA), "Data Centres and
Data Transmission Networks," Tracking Report, September
2022,
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aligning with global efforts® to mitigate climate change
and promote environmental stewardship.

India's Technological Journey and 6G Vision

India's technological journey in the
telecommunications sector has been a tale of rapid
growth, late adoption, and ambitious aspirations. From
the nascent stages of 2G connectivity to the ongoing
rollout of 5G networks, India's path has been marked
by significant milestones and challenges. When
compared to its global peers, India's experience offers
a unique perspective on the interplay between
technology adoption, policy frameworks, and
socioeconomic factors.

Evolution Through Generations

The introduction of 2G services in India during the
early 1990s marked the country's entry into digital
mobile communications. However, widespread
adoption lagged due to infrastructural limitations and
high costs, especially in rural areas. This lag has
steadily decreased from one generation to the next.

The 4G era presented both challenges and
opportunities. By 2020, India had become the world's
second-largest internet market, with over 700 million
users®. Recently, the lag in investing in 5G technologies
has come down from a decade to about two years.

India's 6G Vision

Recognizing the need to not just catch up but leapfrog
into the future, India has set its sights on 6G technology.
In March 2023, the Government of India unveiled the
Bharat 6G Vision Document and announced the launch
of the Bharat 6G Alliance (B6GA). This strategic move
aims to position India as a global leader in the

% The ITU-R framework4 for IMT-2030 (6G) does include
sustainability as one of the overarching design principles,
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development and deployment of 6G technologies, with
a focus on indigenous innovation and sustainability.

Technology Overview

The telecommunications industry is foundational to
modern society, enabling global connectivity and
supporting a multitude of digital services. The telecom
architecture is typically structured into four primary
layers: User Equipment (UE), Radio Access Network
(RAN), Core Network, and Data Centers. Each layer
plays a critical role in service delivery and contributes
uniquely to the industry's overall carbon footprint.
Understanding the emissions associated with each layer
is essential for identifying opportunities to enhance
sustainability and reduce environmental impact.

1. User Equipment (UE)

User Equipment comprises all devices used by end-
users to access telecommunication This
includes smartphones, tablets, laptops, and a rapidly
expanding array of Internet of Things (IoT) devices.
The proliferation of these devices has reached
unprecedented levels, with billions in circulation

services.

globally. Environmentally it has following Impacts.

e Manufacturing Emissions: The production of UE is
resource-intensive, involving the extraction of raw
materials like rare earth metals and significant
energy during  manufacturing
processes. This results in considerable greenhouse

consumption

gas emissions.

e Energy Consumption: While individual devices
consume relatively small amounts of energy, the
cumulative energy usage is substantial due to the
sheer number of devices. Energy is consumed not

® Internet and Mobile Association of India (IAMAI),
"Digital in India Report 2020
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only during device operation but also in charging
and standby modes.

e Electronic Waste (E-Waste): Rapid technological
advancements and consumer demand for the latest
devices contribute to increasing amounts of e-
waste. Improper disposal can lead to environmental
pollution and health hazards.

2. Radio Access Network (RAN)

The RAN facilitates wireless communication between
user devices and the core network. It includes base
stations, antennas, and associated infrastructure that
handle the transmission of voice and data traffic. With
the deployment of advanced technologies like 5G and
the future 6G, the RAN is becoming increasingly
complex and data-intensive. Environmentally it has
following Impacts.

e Energy Consumption: The RAN is one of the most
energy-intensive components of the telecom
network, often accounting for invariably more than
half of a mobile operator's total energy use. Base
stations’ require continuous power to maintain
network coverage and quality of service.

e Infrastructure = Impact:  The  construction,
maintenance, and operation of RAN sites involve
emissions from material production, transportation,
and energy use.

e Cooling Requirements: RAN equipment generates
heat that must be dissipated, leading to additional
energy consumption for cooling systems.

3. Core Network

The Core Network is responsible for routing data,
managing connections, and providing essential services

7 We use the simples term “base station” for 5G gNBs and 6G
RAN equipment, distributed or otherwise.

such as authentication and billing. It acts as the central
hub that ensures seamless communication across the
network. Environmentally it has following Impacts.

e Operational Energy Use: Core network facilities
require continuous power
increasing data traffic, leading to substantial energy
consumption.

to manage ever-

e Hardware Lifecycle: Manufacturing, deploying,
and decommissioning core network equipment
contribute to emissions through resource use and
waste generation.

e Cooling Requirements: Similar to the RAN, core
network equipment generates heat, necessitating
energy-intensive cooling solutions.

4. Data Centers

Data Centers house the computational infrastructure
necessary for data storage, processing, and
management. They support a wide range of services,
from cloud computing to content delivery networks,
and are integral to the functioning of modern telecom
networks. Environmentally, it has following Impacts.

o High Energy Demand: Data centers are among the
most  energy-intensive  facilities, consuming
substantial amounts of electricity to power servers
and associated equipment.

e Cooling Systems: A significant portion of a data
center's energy consumption is dedicated to cooling
systems required to maintain optimal operating
temperatures for equipment.

The
environmental impact of data centers is heavily

e (Carbon Intensity of Energy Sources:
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influenced by the energy mix of the electricity grid.
Reliance on fossil fuels results in higher emissions.

Sustainability

Sustainability is a holistic approach to development that
seeks to meet the needs of the present without
compromising the ability of future generations to meet
their own needs. It encompasses the responsible
management of resources, environmental protection,
and social and economic development. The concept
emerged from the growing recognition that unchecked
industrialization and consumption are leading to
environmental degradation, resource depletion, and
social inequities. Sustainability aims to create a balance
between economic growth, environmental stewardship,
and social well-being, ensuring that progress in one
area does not come at the expense of another.

At the heart of sustainability is the understanding that
natural resources are finite and that human activities
have significant impacts on the Earth's ecosystems.
This has led to the adoption of practices that promote
conservation, efficiency, and the use of renewable
resources.  Sustainable  development involves
rethinking traditional models of production and
consumption to minimize waste and reduce the
environmental footprint. It also emphasizes the
importance of social inclusion and equity, recognizing
that sustainable progress must benefit all segments of
society.

Green energy, also known as renewable or clean energy,
i1s a critical component of sustainability. It refers to
energy sources that are naturally replenished and have
a minimal impact on the environment. These include
solar, wind, hydroelectric, geothermal, and biomass
energies. Unlike fossil fuels such as coal, oil, and
natural gas, which release significant amounts of
greenhouse gases and pollutants when burned, green

energy sources produce little to no emissions. The shift
towards green energy is driven by the urgent need to
combat climate change, reduce air pollution, and
decrease dependence on finite fossil fuel reserves.

The telecommunications industry, as a backbone of
modern society, plays a critical role in enabling
connectivity and digital transformation. However, this
industry also contributes significantly to energy
consumption and carbon emissions due to the vast
infrastructure required to support networks and
services. Embracing sustainability and green practices
within telecommunications is essential to mitigate
environmental impact, promote energy efficiency, and
ensure the industry's long-term viability.

Environmental Impact of the Telecommunications
Industry

The telecommunications sector's environmental impact
arises primarily from energy consumption, greenhouse
gas emissions, and electronic waste. Key factors
include:

1. Energy Consumption: Operating vast networks of
data centers, base stations, and network equipment
requires substantial electricity. As data traffic
increases exponentially, so does energy demand.

2. Greenhouse Gas Emissions: Energy consumption
often relies on fossil fuels, leading to significant
carbon dioxide and other greenhouse gas emissions
that contribute to climate change.

3. Electronic Waste (E-Waste): Rapid technological
advancements lead to shorter device lifecycles and
increased e-waste, posing disposal and pollution

challenges.
4. Resource Depletion: Manufacturing
telecommunications equipment requires raw

BHARAT 6G ALLIANCE
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materials, including rare earth elements, whose
extraction can be environmentally damaging.

Green House Gas Emissions:

In advancing the agenda of sustainability within the
telecommunications industry, comprehensively
accounting for greenhouse gas (GHG) emissions is
paramount. The Greenhouse Gas Protocol, a widely
recognized international standard, categorizes GHG
emissions into three scopes: Scope 1, Scope 2, and
Scope 3. Understanding these scopes in the context of
telecommunications is essential for companies aiming
to reduce their carbon footprint, comply with regulatory
requirements, and contribute to global sustainability
goals. This section explores each scope's relevance to
the telecom sector, emphasizing their importance and
the inherent challenges that make these emissions
unavoidable.

Scope 1 Emissions: Direct Emissions from Owned or
Controlled Sources

Scope 1 emissions are direct GHG emissions from
that are owned or controlled by the
organization. These include from
combustion in owned or controlled boilers, furnaces,
vehicles, and  other
telecommunications industry,
originate majorly from:

sources
emissions

equipment. In  the
Scope 1 emissions

e Company-Owned Vehicles: Emissions from fleets
used for maintenance, installation, and service
operations.

e On-Site Fuel Combustion: Use of diesel generators
and boilers at telecom towers, data centers, and

network facilities, especially in areas with
unreliable grid electricity.
o Refrigerant Leakage: Emissions from air

conditioning and cooling systems essential for

maintaining optimal operating temperatures of
network equipment and data centers.

Scope 2 Emissions: Indirect Emissions from

Purchased Energy

Scope 2 emissions are indirect GHG emissions from the
generation of purchased electricity, steam, heating, and
cooling consumed by the reporting company. In the
context of Telecommunication Industry, major
contributors to Scope 2 emissions in telecom are:

e Electricity Consumption: Powering vast networks
of base stations, towers, switching centers, and data
centers requires substantial electricity.

e Data Centers: High energy usage due to server
operations and intensive cooling systems to prevent
overheating.

o Office Buildings: Energy used in administrative and
operational facilities across the organization.

Scope 3 Emissions: Other Indirect Emissions

Scope 3 emissions are all indirect emissions (not
included in Scope 2) that occur in the value chain of the
reporting company, including both upstream and
downstream emissions. Major sources of Scope 3
emissions for telecom companies include:

o Upstream Activities:

o Purchased Goods and Services: Emissions
from the production of equipment and
materials, such as network hardware, user
devices, and infrastructure components.

o Capital Goods: Manufacturing of capital-
intensive equipment like servers and
networking gear.

BHARAT 6G ALLIANCE
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o Fuel and Energy-Related Activities:
Emissions from extraction, production, and
transportation of fuels consumed.

o Transportation and Distribution: Emissions
from logistics providers transporting
equipment and materials.

o Waste Generated in Operations: Disposal

and treatment of waste, including
significant amounts of electronic waste (e-
waste).

o Employee Commuting and Business Travel:
Emissions from transportation modes used
by employees.

o Downstream Activities:

o Use of Sold Products: Energy consumed by
products sold to customers, such as
modems, routers, and smartphones.

o End-of-Life Treatment of Sold Products:
Emissions from the disposal and recycling
of telecom products post-consumer use.

o Franchises and Investments: Emissions
from franchise operations and investments
not directly controlled.

In today’s wireless communication network, RAN
consumes 58% of energy, Data Centre, 27% and edge,
15%. Moreover, Data Centre, Network and Devices
consumes 4% of WW electricity today and is expected
to be 10% by 2033.

Therefore, it is imperative for us to look out for modes
of ES — Energy Saving, EE — Energy Efficiency, EC —
Energy Consumption and EM — Energy Management.

Energy efficiency is a quantifiable metric of
sustainability. It refers to the quantity of information
bits transmitted or received, per unit of energy

consumption (in bit/Joule). Energy Efficiency is
expected to be improved appropriately with the
capacity increase to minimize overall
consumption.

power

Chips (CPU, DPU, GUP, NPU), memory and
peripherals and optics consume the majority of power
among active devices among data centres. Data centers
consume 1% of WW electricity and account for around
2% of all global carbon emissions. Industry’s ambition
and recommendation on EE target for data centres is to
operate with 2 Pico Joule (pJ) per transported bit by
2030 from the current value of 20 pJ per transported bit.
Several measures are being devised to achieve this
target. These include, creating chiplets which are
combinations of GPU, GPU, memory and other cores
on the same die as per the computing or Al based
application. Other measures include Co-package Optics
and Near-Package Optics, reduce footprint by using
reducing distance between switch and optics, lower
cost through tighter integration (fewer components),
lower power consumption through, shorter links and
simplified re-timers

The RAN is responsible for a major part of the Energy
Consumption of a mobile network. Reduction of fossil
fuel-based energy resources and the need to reduce
CO2 emissions make the Energy savings a strategic
topic of OPEX for network operators.

Energy Savings and Energy Efficiency is essential to
operators because Mobile traffic grew by a factor of
300 in the last 10 years and is expected to grow with a
54% annual rate going forward. Global mobile traffic is
estimated to reach over 60 trillion gigabytes per year in
2030. Moreover, transition to software defined from
specialized hardware, Virtualization and Cloudification
particularly when deployed in a cloud environment are
widely expected to consume more power compared to
dedicated hardware. Therefore, it is essential that RAN

BHARAT 6G ALLIANCE
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implementations using hardware and cloud are well
optimized for Energy Efficiency.

Global Industry Alliances & Standards Bodies like
NextG Alliance (Green G WG), IEEE, NGMN, ETSI,
ITU, 3GPP, O-RAN are working on Energy Savings
and Energy Efficiency of Information and
Communication Technology (ICT) by identify
mechanisms to improve EE through Intelligent control
Models, Sustainability KPIs Metrics and development
of credible E-plane Communication Standards.

Some of the important developments are

e Adding Energy Saving decision making functions
in Radio Intelligent Controllers.

e ML based algorithms to dynamically allocate
resources (Radio, Computing,) to match the
workload.

e FEnable Elastic resource allocations, Networks
Energy Saving (NES), VNF, PNF.

e Report Energy Efficiency KPIs vs Traffic Load.

e Adding Energy Saving capabilities.

e Advanced Sleep & Hibernate modes.

e Measure and Report power consumption through
key energy metrics including

EC: Electric Energy Consumption which represents the
amount of energy to power the infrastructure.

EE: Electric Energy Efficiency which is relation
between the useful output level and the energy/power
consumption and

ES: Electric Energy Savings which is characterization
of Gains and Savings

Operators too are putting up ES and EE strategies.
These include:

e Reduce Energy Consumption through Topology
Optimization, Network Simplification, Removing

Redundant Nodes and Elimination of over
Provisioning.

e Optimizing Efficiency through Dynamic resource
allocation (Radio, Layers, Core, Computing,
Network resources), Load balancing or traffic
steering, Maximize transport resources, optimal
routing, deploying Intelligent controllers and using
SoCs for optimization.

e Energy Savings through Cell /Carrier Switch
On/OFF, RF Channel Switch On/Off, Advance
Sleep Modes (RF, SSB), O-Cloud Resource and
Scaling CPU/FPGA power, memory usage, and
frequency

e Network Benchmarking  through  Industry
requirement for standardized Metrics, Reference
and Comparison and Unified test and monitoring
methodologies

Green Energy Integration

Green energy integration in India is advancing through
several mechanisms, notably captive solar plants, Open
Access, and Power Purchase Agreements (PPAs).
These avenues allow consumers, particularly large
industrial and commercial entities, to directly procure
renewable energy, thereby promoting sustainability and
potentially reducing energy costs.

Captive solar plants allow businesses to generate their
own renewable energy, either on-site or through
dedicated off-site installations. By investing in captive
solar, companies can reduce energy costs by offsetting
grid consumption with self-generated solar power and
enhance energy security by gaining control over their
energy supply. Telecom companies in India have
installed captive solar plants of hundreds of MWs to
cater to the energy demand of the sites.

Open Access in India, introduced under the Electricity
Act of 2003, initially allowed large consumers with a
load of 1 MW or above to purchase power directly from

BHARAT 6G ALLIANCE
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generators. However, the Green Open Access Rules of
2022 significantly expanded and refined this
framework. The minimum load requirement was
lowered from 1 MW to 100 kW, enabling medium-sized
and even some small enterprises to access renewable
energy directly. The approval process was simplified,
mandating that applications be processed within 15
days. A uniform banking mechanism was introduced,
allowing consumers to bank surplus renewable energy
on a monthly basis and withdraw it later. Renewable
energy procured through Open Access is exempted
from additional surcharges, making it more cost-
effective. Consumers are also eligible for Renewable
Energy Certificates (RECs), aiding in compliance with
Renewable Purchase Obligations (RPOs). The rules
directed state regulators to publish all applicable
charges on their websites to enhance transparency.

The amendments in 2023 further facilitated renewable
energy integration. They allowed consumers to
aggregate demand across multiple consumption points
within the same distribution utility area. This means
companies with several facilities can combine their
energy requirements to meet the 100 kW threshold,
making Open Access viable for more businesses. The
amendments also included provisions to support energy
storage systems and the procurement of green hydrogen
and ammonia, recognizing their role in the energy
transition. Detailed guidelines on cross-subsidy
surcharges and wheeling charges were provided,
ensuring they remain reasonable and do not hinder
Open Access adoption. Additionally, State Electricity
Regulatory Commissions (SERCs) were empowered to
ensure strict compliance with the rules and address any
procedural bottlenecks.

Power Purchase Agreements (PPAs) are crucial for
businesses seeking long-term renewable energy
procurement. They provide stability and predictability
by locking in energy prices over the contract duration,

offering cost certainty. Contracts can be tailored to
match the consumer's energy profile, including
provisions for peak and off-peak supply. PPAs also
provide financial assurance to project developers,
encouraging investment in new renewable energy

capacity.

The possibility of aggregating multiple consumption
points under a division particularly benefits businesses
with widespread operations, making renewable energy
procurement more accessible and economically viable.
Consumers with several meters within the same
distribution license area can aggregate their loads to
meet the minimum 100 kW requirement. This
aggregation leads to economies of scale, better pricing
and terms when negotiating PPAs, and simplified
management of energy procurement across all
facilities. It also facilitates easier tracking and
fulfillment of RPOs and other regulatory mandates.

The updated policies have several positive impacts,
including increased renewable energy adoption by
lowering barriers so more consumers can access green
energy. They contribute to grid stability and efficiency
by encouraging energy storage and demand
aggregation, which helps in balancing the grid and
integrating higher shares of variable renewable energy.
Economic benefits arise as consumers save on energy
costs, and the renewable energy sector receives a boost
in investments and job creation. Environmental
sustainability is enhanced by contributing to India's
commitments under the Paris Agreement to reduce
carbon emissions and increase the share of non-fossil
fuel energy sources.

Renewable energy integration in telecommunications is
rapidly advancing in India, driven by the country's
ambitious goals for sustainable energy and reducing
carbon emissions. This integration encompasses all
four layers of telecommunications infrastructure: User

BHARAT 6G ALLIANCE
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Equipment (UE), Radio Access Network (RAN), Core
Network, and Data Centers.

At the User Equipment (UE) layer, Indian consumers
are increasingly adopting energy-efficient devices.
Manufacturers are  focusing on  developing
smartphones, tablets, and IoT devices with optimized
software and hardware that consume less power. Solar-
powered chargers and portable renewable energy
solutions are gaining popularity, especially in rural
areas where electricity supply is inconsistent. These
innovations reduce reliance on grid electricity and
promote the use of renewable energy at the consumer
level.

In the Radio Access Network (RAN) layer, which
includes cell towers and base stations, renewable
energy plays a critical role, particularly in remote and
off-grid locations. Indian telecom operators are
deploying solar panels to power these facilities,
reducing dependence on diesel generators and grid
electricity. The Indian government's open access policy
allows telecom companies to procure renewable energy
directly from producers, facilitating easier integration
of green energy into their operations.

The Core Network layer is also embracing renewable
energy solutions. Telecom companies leverage open
access regulations to source green energy directly for
their core network operations. By signing Green PPAs
or through open access, they procure electricity from
renewable sources like solar farms and wind parks,
ensuring that the core infrastructure is powered
sustainably. This shift not only reduces operational
costs but also aligns with India's national objectives for
renewable energy adoption.

At the Data Center layer, the integration of renewable
energy is vital due to the high energy demands of these
facilities. India's data centers are increasingly powered
by renewable energy through on-site installations and

off-site procurement. Operators utilize open access
policies to buy green energy directly from producers
and engage in Green PPAs to ensure a consistent supply
of renewable power. Innovations in cooling
technologies, such as using ambient air cooling and
liquid cooling systems, reduce energy consumption.
Energy-efficient server hardware and virtualization
techniques further decrease power requirements,
making it more feasible to meet energy needs through
renewable sources.

Circular Economy and Zero Waste in the

Telecommunications Industry

As the telecommunications industry evolves with
advancements like 6G technology, there is an
increasing need to address the environmental impacts
associated with the production, usage, and disposal of
electronic devices and infrastructure. The concepts of
circular economy and zero waste offer a transformative
approach to sustainability by redefining growth through
the decoupling of economic activity from the
consumption of finite resources. In the context of the
telecommunications sector, embracing circularity and
striving for zero waste can significantly reduce
environmental footprints, conserve resources, and
create economic opportunities.

Understanding Circular Economy and Zero Waste

The circular economy is an economic system aimed at
eliminating waste and the continual use of resources. It
contrasts with the traditional linear economy, which
follows a 'take-make-dispose’ model. Circularity
involves designing products for durability, reuse,
remanufacturing, and recycling to keep materials

within the economy for as long as possible.

Zero waste 1s a philosophy that encourages the redesign
of resource life cycles so that all products are reused,
and no trash is sent to landfills or incinerators. It

BHARAT 6G ALLIANCE
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involves the implementation of practices that prevent
through  the  responsible  production,
consumption, reuse, and recovery of products,
packaging, and materials.

waste

Embracing and zero waste in
telecommunications is not just an environmental
imperative but also a strategic move that can drive
efficiency, innovation, and competitiveness. It requires
a shift in mindset from viewing waste as an inevitable
byproduct to seeing it as a resource that can be
reclaimed and reused. Through concerted efforts, the
telecommunications industry can significantly reduce
its environmental footprint and contribute to a more

sustainable and equitable future.

circularity

In telecom industry, refurbished network equipment is
Device for network deployment purposes as a
complement to regular new product sales, aligned with
Manufacture or OEM- circular economy ambition as
well as the long-term product plan.

Refurbish

O

E-commerce tool

Manufacture or OEM Customer or User

Market Demand

Re-Use

The main benefits are:

i.  Sustainability & circular Economy benefits
ii.  OEM Refurbished equipment with high quality
and full-scale support
iii.  Extended Product Life Span

iv.  Reduce total cost of Ownership

Product Repair & Recycle or Reuse for a more
sustainable future

Telecommunication industry is the fastest-changing
technology market, with a lot of innovation and
improvement of the products and solution happening
on daily basis. Most of us are focused into thinking and
acting, when a new product is out, you replace the old
one, even if it's not really “OLD”.

We can take the example of APPLE iPhone, every year
its launching a new series & iPhone lovers are changing
their model every year even its not really “OLD”.

For Product Repair & Recycle or Reuse need to focus
on the below aspects:

I.  Supply Chain
Il.  Operations
I1l.  Product & services

Supply Chain

e Sourcing of Sustainable Material

e Design for Refurbishment of Devices

e Sales of Refurbished Devices

e Packing re-design for devices

¢ Reuse and recycling of cell phones and Nes

I. Operations

e Waste Management
e Optimization of Data centre
e Refurbishment of Infrastructure assets

Product & Services

e Offering device as a repair service
e Device repairment
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e Bring awareness among consumer regarding
environmental impacts

1I1. Fiber Optic Cable Recycling and Sustainability

As the telecommunications industry continues to grow
and evolve, the importance of Fiber optic cable
recycling and sustainability becomes one of the major
considerations. The adoption of Fiber optic cables
brings numerous environmental advantages, such as
their use of silicon dioxide, a naturally occurring
compound, and their minimal carbon footprint.

However, to ensure sustainable growth, it is crucial to
go beyond the initial implementation of Fiber optic
technology and embrace eco-friendly practices
throughout the entire lifecycle of these cables. This
includes manufacturing techniques that prioritize
energy efficiency and the use of renewable energy
sources, as well as the development of specialized
knowledge and equipment for recycling Fiber optic
cables.

By exploring the possibilities of Fiber optic cable
recycling and sustainable practices, we take a step
towards reducing electronic waste and minimizing the
environmental impact of the telecommunications
industry.

The below are the major consideration for Recycle &
Sustainable practices leads to minimize the E-waste.

i. Fiber optic cables have a longer lifespan
compared to copper cables, leading to reduced
electronic waste.

ii.  Fiber optic cables have a minimal carbon
footprint and save up to 80% of energy
compared to copper cables.

iii.  Fiber optics require less maintenance and offer
high-speed data transfer, providing long-term
cost savings.

iv.  Sustainable approaches for Fiber optic cables
include using renewable energy sources for
production and recycling the cables at the end
of their lifespan.

Framework to Drive Sustainable and
Greener 6G

The rapid growth of the telecommunications industry
in India has been instrumental in driving economic
development, digital inclusion, and technological
innovation. However, this growth has also led to
significant environmental and social challenges,
including high energy consumption, electronic waste
generation, and resource depletion. To address these
issues holistically, a novel framework called the
Sustainable Telecom India Initiative (STII) is
proposed. This framework is tailored specifically for
the Indian telecom sector, aiming to integrate
sustainability into every facet of the industry. The STII
is built upon five key drivers that collectively govern
and promote sustainable practices.

Integrated Sustainability Governance

Establish a unified governance structure that integrates
sustainability into the core strategic and operational
decisions of telecom companies. This involves creating
dedicated sustainability committees at the board level,
developing comprehensive sustainability policies, and
ensuring accountability through transparent reporting
mechanisms.

Key Components:
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o Leadership Commitment: Executive leadership
to champion sustainability initiatives, setting
clear goals and expectations.

e Organizational Policy Framework:
Development of policies that incorporate
environmental, social, and governance (ESG)
considerations.

« Stakeholder Engagement: Regular consultation
with  stakeholders, including customers,
employees,  suppliers,  regulators, and
communities, to align sustainability objectives
with societal needs.

o Performance Monitoring: Implementation of
key performance indicators (KPIs) for
sustainability, with regular reporting and
reviews. See Appendix: KPIs for measuring
Sustainability for an inexhaustive list of
examples.

Green Network Infrastructure

Promote the development and deployment of energy-
efficient and environmentally friendly network
infrastructure across all layers—User Equipment (UE),
Radio Access Network (RAN), Core Network, and
Data Centers. This includes adopting renewable energy
sources, optimizing energy consumption, and utilizing
sustainable materials.

Key Components:

o Renewable Energy Integration: Transitioning to
solar, wind, or other renewable energy sources
for powering network infrastructure, especially
in rural and off-grid areas.

o Energy-Efficient Technologies: Investing in
advanced technologies such as Al-driven
network optimization, energy-saving hardware,
and passive cooling systems.

o Sustainable Materials and Design: Utilizing
eco-friendly  materials  in  equipment
manufacturing and designing products for
durability and recyclability.

o Infrastructure Sharing: Encouraging sharing of
network infrastructure among telecom
operators to reduce duplication and
environmental impact.

Circular Economy and E-Waste Management

Implement circular economy principles to minimize
waste generation and maximize resource efficiency.
Establish comprehensive e-waste management systems
that facilitate the collection, recycling, and safe
disposal of electronic waste generated by the telecom
industry.

Key Components:

e Product Life Extension: Designing products for
easy repair, upgrade, and refurbishment to
extend their lifespan.

o Take-Back Programs: Creating convenient and
incentivized programs for customers to return
used devices and equipment.

o Recycling Infrastructure: Investing in state-of-
the-art recycling facilities capable of processing
complex electronic waste and recovering
valuable materials.

e Regulatory Compliance: Adhering to and
exceeding national regulations on e-waste
management, such as the E-Waste Management
Rules in India.

Innovation and Capacity Building

Foster innovation in sustainable technologies and build
capacity within the industry to implement and manage
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sustainability initiatives  effectively. Encourage
research and development, partnerships, and skill
development programs focused on sustainability.

Key Components:

R&D Investment: Allocating resources towards
developing new sustainable technologies, such
as low-power electronics and advanced
materials.

Industry-Academia Collaboration: Partnering
with educational and research institutions to
drive innovation.

Skill Development: Training employees in
sustainability practices, technology
management, and environmental stewardship.

Start-up Support: Incubating and supporting
start-ups working on sustainable solutions
relevant to the telecom industry.

Policy Advocacy and Collaborative Governance

Engage proactively with policymakers, industry peers,
and international bodies to advocate for supportive

policies and regulations. Promote collaborative
governance approaches that facilitate the achievement
of sustainability goals at the industry and national
levels.

Key Components:

o Regulatory Engagement: Working with
government agencies to shape policies that
incentivize sustainable practices, such as tax
benefits for renewable energy use.

o Industry Associations: Participating in alliances
like the Bharat 6G Alliance to align efforts and
share best practices.

o International Collaboration: Engaging with
global organizations to stay abreast of
international standards and contribute to global
sustainability initiatives.

« Standardization Efforts: Leading or
contributing to the development of industry.
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Appendix: KPIs for measuring Sustainability

Environmental Sustainability KPI Definitions

The common KPIs for environmental sustainability are as below:

GHG emissions within Scope-1, 2, 3 — ex: metric tons of CO2 equivalent — mtCO2e, Carbon usage effectiveness (CUE)
measured as mtCO2e/kWh

Waste metrics such as total waste generated from direct operations (metric tons per unit and time cycle) and total hazardous
waste from direct operations (% of total waste). Waste usage/footprint such as water usage effectiveness (WUE)/kWh,
sources of water used e.g. freshwater, reclaimed or groundwater

Re-use, Re-cycle and Re-furbish metrics such as assets (products) taken back by producer at End of Life (EoL),
recyclability of constituent materials in equipment produced.

Land and Biodiversity such as nitrogen deposition, climate change. These KPI metrics are used to measure and report on
the environmental impact of data centers, waste management, water usage, and the overall sustainability performance of
products and services within the context of 6G technology and infrastructure.

6G NW Component-specific KPIs

A mapping of the types of KPIs that are expected to apply directly to NW components is given in Table 1. The first column
lists the type of KPI and a possible unit.

Table 1: Examples of types of KPIs that are expected to apply directly to NW components.

NW component — UE RAN Core Data
KPI | (devices) Center
Energy intensity (kWh/TB, Joules/subscriber) P P P P
Power Consumption (peak load, or average) P P P
Network Carbon Intensity (kg of CO2:/TB) P P P
Power Usage Effectiveness (ratio) P
Renewable Energy Factor (ratio) P Inherits from P

data center

Water Usage Effectiveness P
Recyclability P P P
Repairability P P P
Resource (scarce raw materials) Efficiency P P P P
Chemical Hazards P

When the supply chains are considered for each of the above components, all KPIs are expected to apply directly or
indirectly. Hence, circularity and transparent traceability is needed in upstream and downstream chains.
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Appendix: Terms of Reference

Following are the terms of reference which is a guiding framework for the Sustainability and Green working
group of Bharat 6G Alliance.

A. Identify various mechanisms to reduce carbon footprint of 6G networks.

B. ldentify the present power related issues at macro, small cell deployment locations and suggest possible
way forward.

C. Identify how to ensure all 6G elements can be repaired and recycled to ensure a circular economy is
established for 6G.

D. ldentify sustainability of the telecom ecosystem so that the industry is viable, and customers continue to
enjoy these applications in a cost-effective fashion.

E. Ensure to test various 6G technology and deploy the most sustainable solutions.
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