BharatNet: Achieving Rural’
Connectivity Excellence Throus

SMARTer Implementation

By Dr Shruthi Koratagere Anantha Kumar
& Prof H Sama Nwana

February 2025

L= '




A solid B assessment to India's DoT on its BharatNet
rural connectivity programme's outcomes to date,
but achieving an A assessment requires much
SMARTer! efforts

Executive Summary

Since 2010, the digital adoption in India has increased substantially from 92
million to 900 million Internet users by 2025.

By all accounts, this is an incredible success for India and a remarkable
achievement for the Department of Technology (DoT), leading to a significant
digital transformation in India.

India's BharatNet programme represents one of the world's largest rural
connectivity initiatives, aiming to bridge the digital divide across the nation's
vast territory.

Looking at the outcomes to date India must be applauded, and dozens of other
Low-Income Countries (LICs) and Low-and-Middle-Income Countries (LMICs)
should seek to emulate and learn from India. However, even India's BharatNet
programme is finding out that Last Mile Connectivity and Usage Gaps are the
key limiting factors to its gargantuan Internet connectivity efforts.

At this juncture we note that - for the programme to realise an A assessment -
it would require a much SMARTer approach informed by techno-economic
modelling of all 250,000 villages, along with different interventions on both
the demand and supply side. In addition, India - as an emerging and developing
country (EDC) - has the capability to lead, collaborate and share its
experiences with other LICs and LMICs to facilitate their equivalent rural
connectivity initiatives.

1 SMART - Specific, Measurable, Actionable, Realistic and Time-Bound
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Introduction

In the early 2010s, digital adoption in India was low, with total Internet users
around 92 million [1]. This encouraged the Government to explore ways to
bridge the gap between those connected to the Internet and those who were
not. As a result, a flagship programme was launched to digitally empower
every citizen of India, called Digital India. The key vision areas of this
programme were [2]:

e Digital infrastructure as a core utility for every citizen - a supply side
challenge

e Digital empowerment of citizens - a demand-side challenge
e Governance

e Services ondemand - an Internet demand stimulation exercise: such as e-
health, e- education, e-governance, e-commerce and e-finance in rural
areas

To encourage digital adoption in remote and rural areas, the Government of
India launched another flagship programme called BharatNet, funded by the
Universal Service Obligation Fund (USOF) and administered by the
Department of Telecommunication (DoT) [3], [4].

The USOF was created to promote equitable access to telecommunication
services across the country, particularly to bridge the digital divide in remote
and rural areas. The key vision of this programme is/was:

e Provisioning of quality and affordable mobile and digital services
e Allowing non-discriminatory access to mobile and network services

e Equitable access to knowledge and information dissemination

e Rapid socio-economic development with improved standard of living

India's BharatNet connectivity programme is arguably the world's largest
rural connectivity initiative, set upin 2010 to bridge the digital divide
across the nation's vast territory. At the time of its launch, Internet
penetration stood at 92 million users and has expanded to 900 million by
2025, a remarkable growth to which the programme has made significant
contributions.

The project aims to connect 2.5 lakh [i.e. 250,000] Gram Panchayats
(village councils), GPs, through a comprehensive broadband network
infrastructure.

Under the Telecommunications Act, 2023, and the Telecommunications
(Administration of Digital Bharat Nidhi) Rules, 2024, the Universal
Service Obligation Fund (USOF), originally established under the Indian
Telegraph Act, 1885, was renamed as "Digital Bharat Nidhi" (DBN) [5].

BharatNet is implemented and managed under Bharat Broadband
Network Limited (BBNL), which is responsible for planning, deploying and
managing the BharatNet project. BBNL needs to ensure effective
execution of the objectives. This enables access to service providers such
as mobile network operators (MNOs), internet service providers (ISPs),
cable TV operators and content providers.

The network utilisation and revenue streams are generated through
leasing the bandwidth and dark fibre, Wi-Fi access broadband, Internet
services in public places and fibre-to-the-home (FTTH). The wireline
industry penetration in India is around 20% [6].

o' ®

cenerva



The Astonishing Results to Date Commencing in 2025, the final Phase Il of the BharatNet Project aims to
deliver high-speed Internet access to all villages in India, thereby

As of early 2025, around 900 million users are using the Internet in India, enhancing connectivity in underserved regions. The focus of this phase is
which is a remarkable achievement for the DoT, leading to significant digital to strengthen and expand the existing network infrastructure laid in
transformation in India compared to fifteen years ago. Phase | and Phase |l. This phase also explores last-mile connectivity
challenges through collaboration with local village entrepreneurs
Key statistics and data for India's BharatNet programme as of September . g . & B b
working with BSNL.

2024 [7],[8] are noteworthy:

e Length of optical fibre cable (OFC) laid: 683,175 km
e Number of GPs where OFC is laid: 210,552

The initiative continues to evolve, with Phase Il launched in 2025
focusing on expanding high-speed internet access to all Indian villages and
strengthening existing infrastructure. The programme's transformation

¢ Number of GPs connected via Satellite backhaul: 4,952 from USOF to Digital Bharat Nidhi (DBN) in 2024 signals the
e Total number of villages where connectivity would be provided through government's renewed commitment to digital inclusion, though
extended BharatNet coverage: 655,968 significant challenges remain in achieving its ambitious goals of universal
e Current coverage of villages through extended BharatNet coverage: digital access and services.
199,655
e  Wi-Fi hotspot GPs installed: 104,574; however, only 6,039 Wi-Fi hotspots
are active

e FTTH connections commissioned: 1,141,825
e Darkfibre (inkm): 94,234

As the statistics prove, the entire BharatNet programme - implemented over
three phases since 2011 - has achieved significant milestones, including the
laying of over 6,83,175 km of optical fibre cable and connecting more than
2,10,552 Gram Panchayats (GPs).

The programme employs multiple implementation models, including state-led,
public sector, private sector, and satellite connectivity approaches.

In 2022, a strategic merger between BBNL and BSNL aimed to streamline
operations and accelerate deployments further.
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Challenges - Why Didn't the Programme Achieve all the
Expected Successes?

Despite these achievements, the programme has faced substantial challenges.

There are several reasons which led to a slowdown in the implementation of
the BharatNet project. These include implementation delays, infrastructure
difficulties in remote areas, coordination issues among multiple stakeholders,
operational inefficiencies, and competition from emerging technologies.

Implementation

BharatNet faced multiple delays due to challenges in planning, coordination
and execution, which led to projects overrunning the budget and delivering
incomplete infrastructure.

Infrastructure and technology

The terrain, lack of proper roads and logistical difficulties in deployment are
some of the major challenges that resulted in fibre not reaching the intended
GPs.

As the project has run over many years, some equipment became outdated,
resulting in poor performance. The optical fibre is expected to provide a
minimum of 100 Mbps per GP, which is inadequate for a wide range of digital
services and for scenarios where each GP consists of a cluster of villages [9].

There are also technical challenges in terms of end-user signal quality,
bandwidth limitations and network downtime [10].

Coordination gaps

There are multiple stakeholders involved in this project, including central
and state Governments, equipment providers, infrastructure providers,
MNOs, ISPs, local bodies, private contractors, regulators and policy
makers. There is a need for a more collaborative approach to improve
coordination and efficiency to expedite the bottlenecks in infrastructure
deployment.

Operational inefficiencies

While electricity access is present for approximately 99% of the
population in India, there remain challenges in guaranteeing reliable,
uninterrupted power supply with high quality across all areas [7],[11].
Many rural and remote areas still suffer outages, frequent fluctuations
and dependence on diesel generators due to poor infrastructure and
distribution.

Budget constraints

There is a significant budget constraint which is affecting the project's
quality of service (QoS) and scalability. The high operational cost of
maintaining the fibre in remote rural areas is making this OFC backhaul
less sustainable.

Competition from alternative technologies

Emerging technologies such as 4G/5G broadband services, low earth
orbit (LEO) satellites and wireless broadband technologies can provide
faster and more cost-effective solutions, which are competing with
BharatNet directly[10].
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Lack of local engagement, governance and corruption

Another critical challenge faced by this initiative is the lack of local skilled or
trained workforce who could engage private players in providing last-mile
access.

Village local entrepreneurs (VLEs) would play a critical role in the scalability of
the rollout. There is also a need to monitor fund allocation and usage to
minimise corruption and improve the credibility of this project.
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Figure 1 - Defining First, Middle, Last & Invisible Miles
Source (World Bank [12])

However, by far the largest challenges to the BharatNet Project's success has
been last-mile connectivity challenges and low utilisation rates.

Last mile connectivity (coverage gap) challenges

The last mile is where the Internet reaches the end-user. India has come a long
way with its submarine connected capacity with its the ‘first mile’
infrastructure.

As of the end of 2023, India hosts around seventeen international subsea
cables across seventeen landing stations. With a total lit capacity of these
cables at circa 180 Tbps (terabits per second)[13], India’s ‘middle mile’
fibre saw an increase in the inventory of operational terrestrial backbone
OFC laid, reaching 6,83,175 km by end September 2024, dozens of times
the figure of ten years ago.

Once high-speed Internet reaches the centre of a GP village through the
first- and middle-mile infrastructure, telecommunications operators
deliver Internet services (including mobile and fixed internet services) to
individuals, businesses, and Government entities through the last mile.

The last mile has presented untold challenges across the 250K GPs, and
these last-mile connectivity challenges have contributed to the coverage
gap problem: coverage gaps refer to populations that do not live within
the footprint of a mobile broadband/Internet network.

Along with steps like restoring electricity grids, integration of renewable
energy and improving last-mile connectivity, the goal towards combining
last mile connectivity and providing total electrification remains
realisable in India.

Low utilisation (usage gap) challenges

The low utilisation challenge is evidenced by only 6,039 active Wi-Fi
hotspots out of 1,04,574 installed in the rural connectivity BharaNet
programme to date.

This is the usage gap problem: usage gaps refer to populations that live
within the footprint of a mobile broadband/Internet network but do who
not use the Internet for myriad reasons [10], [14], including:
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Poverty (low income): affordability is a key barrier for the poor, including
affordability challenges of Internet-enabled handsets.

Low priority concern: connectivity is lower priority concern compared to
other more basic ‘essential’ services like clean water & sanitation, basic
daily food and nutrition, school/education fees for children, healthcare,
poverty, etc.

Literacy/education challenges: how much use is the Internet to the
illiterate?

Lack of awareness: lack of awareness of broadband/Internet and its
potential benefits.

Lack of digital skills: even the literate need to be digital-skilled in order to
make the Internet useful to their lives. Lack of digital skills and confidence
to use the Internet is a key barrier.

Low population density (rural areas): this renders the economics of
connecting such regions unviable, leading to no networks availability, due
to uneconomic demand.

Exorbitant usage-based pricing models: connectivity in many LICs is
largely usage-based and quite expensive. This minimises demand,
mitigating the realisation of any definition of ‘meaningful connectivity’.

Miscellaneous other issues: Some people are being prevented from
accessing the Internet due to social norms. This category also includes
safety and security concerns in certain regions of the globe, including
national security. Fears related to online safety and privacy also deters
some people from using Internet services.

All of these issues contribute to the usage gap challenge, wherein millions
of people live within reach of a [mobile/fixed wireless access (FWA)]
broadband/Internet network but do not use the Internet.

So, in many GPs where there is last mile infrastructure, the lack of viable
business models combined with low adoption of services has resulted in
poor returns on investment (ROls).

Predicted poor ROls in other GPs have mitigated further last mile
infrastructure rollouts. This may be due to unreliable electricity in these
regions, further mitigating last-mile connectivity solutions, digital literacy
challenges, unaffordable pricing plans to subscribe for Internet services
and others.
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So, what next? Techno-economic modelling would help

We are reasonably confident that the DoT would be able to address the
former group of challenges of the previous section including, implementation
delays, infrastructure difficulties in remote areas, coordination issues among
multiple stakeholders, operational inefficiencies, budget constraints and
competition from emerging technologies. It is the latter two, i.e. the last mile
coverage gap and usage gap challenges, that are most acute.

India has a population of at least 1.44 billion people[15], and realising the
outcome of the remaining third 500M people using the Internet would be at
least four times as difficult as the previous two thirds connected to date - the
Pareto principle (80/20) rule predicts this, see [14].

This calls for DoT to be much SMARTer in its efforts going forward. We
propose DoT employs more fine-grained, geographical information systems
(GIS)-based technical-economic modelling as an approach to inform its next
steps.

Techno-economic modelling for rural broadband would provide a more
transparent and comprehensive approach that evaluates both the technical
and economic aspects of deploying broadband Internet networks in all the 2.5
lakh GP rural areas.

This method helps in identifying the most cost-effective and efficient solutions
for providing high-speed internet access to these GP regions.

Techno-economic core tenets include [16]:
Technical assessment

Evaluate, in particular, last mile broadband technologies (e.g., fiber optics,
satellite, wireless, FWA, TV whitespace (TVWS), etc) for feasibility and
performance in rural areas, considering coverage, bandwidth, and reliability.

Economic analyses

This part evaluates the expenses involved in deploying and maintaining
broadband Internet infrastructure. It includes capital expenditures
(CAPEX) for equipment and installation, as well as operational
expenditures (OPEX) for ongoing maintenance and service provision.

Regulatory and policy considerations

It is essential to comprehend the regulatory environment and
government policies. This entails examining subsidies, grants, and other
financial incentives that can facilitate rural broadband projects.

The policies should be technology-neutral and should also be flexible
enough to accommodate new ways of providing backhaul (for example,
low Earth orbit satellites), or last mile solutions (for example, TVWS). This
can include policies and regulatory frameworks that are subject to
periodic review.

Market demand and adoption

It is essential to estimate the potential user base and their willingness to
pay for broadband/Internet services within each GP. This requires
conducting thorough market research to understand the needs and
preferences of rural communities.

Cost-benefit analysis

Comparing costs and benefits of broadband solutions helps stakeholders
choose the best options and make informed investment decisions.

Case studies and scenarios

Real-world examples and hypothetical scenarios test model feasibility,
offering insights into the challenges and successes of rural broadband
projects.
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The BharatNet programme should build all the above into About the Authors
atransparent Rural Connectivity Investment Tool (RCIT)

that systematically and accurately identifies coverage Dr Shruthi Koratagere Anantha Kumar

gaps, generates population coverage statistics, estimates 43‘- . . . .

unmet demand, forecasts future demand and calculates \‘ﬁ-'& D.r.Shr.uthl Koratagere Anantha Kumtarlsa Research an.d Innovatl.on Associate at the
CAPEX and OPEX requirements for all infrastructure/site University of Strathclyde and an Associate Consultant with Real Wireless and Cenerva.

rollout. Her research focuses on wireless broadband connectivity and bridging the digital divide in rural areas,
integrating academic insights with industry applications.

The Rural Connectivity Investment Tool should be

capable of being expanded to include low cost solutions She has published in IEEE Communications Magazine and other leading journals. Her expertise

for Internet access and different types of technologies. includes infrastructure sharing, techno-economic assessments, rural telecommunications, pricing

strategies, business models, energy management, and ROI assessments. She is actively involved in

IEEE Future Networks INGR working groups and rural connectivity standardisation. Dr. Shruthi is

currently authoring a book, Wireless Broadband Access to Bridge the Digital Divide (to be published

with Springer Nature, 2025). She previously served as Visiting Faculty at George Mason University

(2022-2023) and holds a PhD from the University of Strathclyde.

Cenerva and its partners have delivered similar techno-
economic solutions in other LIC/LMIC economies.

Find out more at cenerva.com

Prof H Sama Nwana

With over two decades of expertise in telecom, media and technology, Prof H Sama
» Nwana consults governments and companies across emerging economies as Managing
Partner of Cenerva. He has advised Facebook, Microsoft, World Bank, IFC, and MTN, among others.
He currently serves on the board of The Global Cyber Alliance.

Working predominantly across Africa, Asia, and the Caribbean, he advises regulators, development
agencies, and companies on maximising opportunities the digital economy provides.

Prof Nwana was formerly Group Director at Ofcom, overseeing pivotal programs, including the UK's
4G spectrum auction, 3G liberalisation, and digital switchover policy implementation.

Find out more at cenerva.com
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