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About This eBook

This eBook reveals critical insights about the network infrastructure powering the world's most advanced Al-ready data
centers insights your vendor isn't sharing. Artificial Intelligence, hyperscale cloud, and edge computing are redefining the
physics of data movement. The challenge is no longer just compute—it's connectivity. As workloads surge, traditional
cabling systems are throttling scalability, efficiency, and sustainability.

HFCLs Intermittently Bonded Ribbon (IBR) Cable represents a breakthrough in optical design, combining the density of
ribbon fiber with the flexibility of loose-tube architecture. This innovation enables hyperscale and Al-ready data centers to
scale faster, operate more sustainably, and deliver ROl through reduced deployment time, lower operational costs, and
improved energy efficiency.

The future of Aldoesn't just depend on computing power: it depends on the intelligence of the
networks that connect it. HFCL's IBR Cable is the smarter backbone for the fiber-first era.
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The Data Tsunami Transforming
Our Digital World

Every second, billions of connected devices generate new
information from Al algorithms analyzing human speech to
loT sensors tracking every pulse of our cities. We've entered
anera where dataisn'tjust growing; it's surging beyond
comprehension. According to Statista's Global Data Creation
Forecast, the total volume of data generated worldwide is
expectedto surpass 2142 zettabytes by 2035, up from just
64 zettabytes in 2020. To put that into perspective: if all that
data were stored on DVDs, it would create a stack reaching
the moon over 30 times.

This massive growth, the so-called data tsunami, isn't just
about storage it's about movement. How fast, how efficiently,
and how intelligently we can move that data between servers,

storage, and users now defines the digital economy.

“Al isn't just consuming data—it's reinventing how we build Sundar Pichai, CEO,
the digital world” Google

This transformation is changing what a "data center" means. It's no longer just a place to store and process data, it's the
engine of intelligence, where data must flow at the speed of light.

The Cloud Connection

Al's appetite for data converges with the explosive growth of cloud adoption. Organizations increasingly rely on hybrid and
multi-cloud ecosystems to scale compute and storage resources dynamically. Gartner's 2023 Cloud Forecast reveals that by
2027, nearly 65% of enterprise workloads will be cloud-optimized, up from 45% in 2022. Each cloud transaction adds to east-
west data movement internal traffic between servers, racks, and clusters inside the same facility.

Thisis where the challenge intensifies. Traditional copper cabling and low-count optical networks can't handle such rapid

expansion. Every hyperscaler from AWS to Azure s racing to build fiber-rich, high-density infrastructures capable of
managing terabit-scale data flows seamlessly.
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Impact on Network Design

To keep up with this surge, data center networks are being
redesigned from the ground up. Where vertical three-tier
hierarchies once dominated, now flat, fabric-based
topologies are taking over connecting thousands of nodes
with minimal latency.

Intra-data center traffic, or east-west traffic, now accounts for
over 80% of total datamovement, according to Cisco's
Global Cloud Index. These high-bandwidth flows require
dense, multi-terabit optical connectivity between servers,
storage, and GPU clusters.

Modern workloads like Al training, real-time analytics, 3D
simulations demand interconnects capable of 400G, 800G,
andeven 16T speeds, impossible to sustain with legacy
cabling systems.

Did You Know?

Asingle large Al model canexchange over 1 TB of dataper
second between GPUs.

This evolution makes one thing clear i.e. the backbone of
digitalintelligence isn't silicon alone it's fiber.

The Limits of Copper and the Shift to
Optical

Copper served wellin the early days of data networking, but
physics has caught up. Copper's limitations bandwidth
constraints, signal attenuation, electromagnetic interference
make it unsustainable for the next generation of data loads.
By contrast, fiber optic cabling transmits data using light, not
electricity, achieving multi-terabit bandwidths with near-zero
latency over kilometers. It's the right match for Al-driven
applications where every microsecond matters. Panduit's
2024 Data Center Report confirms that optical networks
consume up to 30% less energy than copper-based
infrastructures while supporting exponentially higher data
rates. The shift from copper to fiberisn't a choice anymoreit's
animperative.

Setting the Stage for the Next
Evolution

As global data volumes multiply and Al pushes networks to
their limits, the infrastructure connecting these systems
must evolve too. Fiber optics are now the lifeblood of data
rmovement but even they face new constraints around
density, flexibility, and manageability.

The future demands smarter fiber designs cables that can
handle thousands of fibers in smaller footprints, that can
bend, scale, and splice faster. This is the foundation for Al-
ready networks, and where innovation in optical cable
design begins to play a transformative role.
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The Cloud Convergence and
Hyperscaler Expansion

The modern digital economy is powered not by isolated data
centers, but by a vast, interconnected web of hyperscale
facilities each operating as a nerve center of global
connectivity. Every search query, Alinference, video stream,
and loT interaction travels through these massive cloud
ecosystems that now form the backbone of human
communication and computation.

Inthe age of Al and automation, hyperscalers aren't just
expanding they're redefining the physics of data movement.

The Rise of Hyperscaler Giants

Over the last decade, companies like Amazon Web Services,
Microsoft Azure, Google Cloud, and Meta have transformed
the world's data infrastructure. Together, they operate
hundreds of hyperscale campuses across continents, each
hosting tens of thousands of servers and exabytes of storage
capacity.

According to JLL's 2025 Global Data Center Outlook, there
are now nearly 950 hyperscale facilities in operation
worldwide, and this number willexceed 1,200 by 2027 nearly
doubling within five years. Each hyperscale campus
functions like a small city: self-powered, fiber-connected, and
optimized for continuous, autormated workload scaling.
According to Synergy Research Group, the capacity of
hyperscale data center campuses has doubled inrecent
years, with new facilities now consuming between 80 MW
and 150 MW of power, enough to supply a medium-sized city.
Yet efficiency gains in energy, cooling, and cabling are
allowing them to grow sustainably while handling multi-terabit
data throughput between nodes.

The Cloud Convergence

Asenterprises migrate to hybrid and multi-cloud
environments, the cloud ecosystemitselfis becoming
more distributed and interdependent. Workloads now
move seamlessly between on-premises systems,
hyperscale data centers, and edge nodes depending on
latency, compliance, and computational needs. Gartner
forecasts that by 2027, nearly 65% of all enterprise
workloads will be optimized for cloud delivery, up from 45%
in 2022. This transition creates new pressure on
interconnectivity, requiring extremely high bandwidth and
near-zero latency links between cloud nodes both within
andacross regions. These interconnections are known as
Data Center Interconnects (DCls), the optical highways
that allow hyperscalers to synchronize compute and
storage clusters across hundreds or even thousands of
kilometers.

In this new architecture, cloud convergence is the default
model:

- Core data centers handle heavy Al training workloads.

+ Regional nodes manage storage and compute

balancing.

- Edge centers enable low-latency services near users.
This dynamic, distributed infrastructure depends entirely
ononeelementie. the fiber backbone that bindsit all
together.
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The Hyperscaler Design
Philosophy

Hyperscale data centers are engineered for massive

parallelism, modularity, and resilience. Every component from
cooling systems to cable trays is optimized for repeatability
and rapid deployment. But behind that efficiency lies one non-
negotiable factori.e. connectivity density.

Cisco's Al-ML Networking Blueprint outlines that next-
generation Al clusters require ultra-low-latency fabrics
capable of transmitting data between GPUs and TPUs at
800G or higher. These clusters rely on multi-fiber connectivity
that can scale horizontally without redesigning entire
networks.

The traditional star or three-tier network models can'thandle
the intensity of these interconnections. Instead, hyperscalers
adopt spine-leaf and fabric architectures that use thousands
of fiber links between servers and switches. The more
connected the network, the faster the data flows and the
better Al performs.

Did You Know?

A single Altraining cluster at a hyperscaler caninclude
20,000+ GPUs, exchanging terabytes of data per second
within one facility.

This designintensity means that each hyperscale build now
demands kilometers of high-density fiber cabling, with fiber
counts exceeding 3,000 per link in large deployments.

Telcos Meet Hyperscalers

Telecommunication providers once focused onaccess
and transport networks are now entering the hyperscale
ecosystem. Partnerships between telcos and hyperscalers
are driving the development of cloud edge zones, regional
interconnect fabrics, and Al-ready network hubs closer to
endusers. By 2030, 20-25% of data processing will occur
outside the traditional data center at edge nodes
connected via ultra-fast fiber links. This shift demands a
new generation of optical cabling solutions that can
operate at hyperscale efficiency across all layers: core,
metro, and edge. This convergence between telcos and
cloud giants creates a seamless core-to-edge continuum,
aconnected ecosystem where fiber becomes the enabler
of intelligence at every layer.

Engineering Implications of Hyperscale
Growth

The growth of hyperscale networks has massive
implications for data center engineering and infrastructure
strategy:
= Scalability: Cable designs must handle thousands of
fibers within smaller duct spaces.
» atency: Every connector, splice, and bend can impact
real-time Al performance.
= Sustainability: Massive power usage makes efficiency
atop design priority.
« Deployment Speed: Rapid fiber installation is crucial for
hyperscalers racing to market.
Traditional loose-tube and fully bonded ribbon designs
can't balance these needs. As fiber countsrise, flexibility
and manageability become as vital as capacity, setting the
stage for next-generation optical innovations like
Intermittently Bonded Ribbon (IBR) Cables.
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The Edge Awakening and the
Race for Low Latency

Artificial Intelligence has shifted the center of gravity in data processing. What once happened exclusively in massive cloud
data centers is now moving closer to where datais generated at the edge. This new paradigm, known as edge computing, is
the next frontier of digital transformation.

Every connected car, surveilance camera, factory sensor, and 5G antenna produces a stream of information that demands
instant processing. Waiting for data to travel thousands of miles to a central cloud and back is no longer acceptable. The world
runs inreal time, and networks must do the same.

Why Edge Matters in the Al Era

Al applications thrive onlow latency. In use
cases like autonomous driving, robotic
automation, smart cities, or remote
healthcare, even a 50-millisecond delay can
make the difference between success and
failure. This demand has forced data
processing to decentralize from hyperscale
cores to micro data centers deployed closer
toend users. According to Panduit and LKH's
Data Center Trends Report, by 2030, nearly
20% of all global data will be processed at the
edge. compared to less than 5% in 2022. That
represents afourfold increase withina single

decade.

“The edge is where intelligence meets action” — Industry Perspective, Gartner Edge Report 2024

Edge computing doesn't replace the cloud, it complements it. The resultis a distributed intelligence model, where each layer
(core, regional, and edge) plays a distinct role in how data flows, learns, and responds.
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The Architecture of Distributed
Intelligence

Atypical Al-driven ecosystem now has three layers of
compute:
1. Core (Hyperscale Cloud): Performs deep learning,
data aggregation, and long-term storage.
2. Regional (Colocation or Metro Hubs): Handles
caching, load balancing, and local application hosting.
3. Edge (Micro Data Centers or MEC Sites): Executes
immediate analytics and decision-making near data
sources.

This structure ensures that only relevant or pre-processed
datatravels back to the core, optimizing both bandwidth
utilization and cost efficiency. But this efficiency depends
entirely on the quality of interconnection between these
layers. Every link between edge and core must offer ultra-
low latency, high bandwidth, and reliability at scale,
something only advanced optical fiber networks can
deliver.

Fiber at the Frontier

While wireless and 5G networks connect devices, it's fiber
optics that connects the data powering them. From the radio
access network (RAN) to core aggregation points, fiber forms
the invisible nervous system of edge computing.

Cisco's 2024 Al Infrastructure Report states that each edge
node requires 10-40 times more bandwidth than legacy
distributed sites. This surge pushes traditional copper and
legacy fiber systems to their limits. To keep pace, operators
are deploying high-density fiber cables often exceeding 1,000
fibers per conduit to support the immense data throughput
between distributed locations. As edge networks expand
across geographies, space constraints become critical.
Ducts, manholes, and conduits in urban areas are limited, so
infrastructure must evolve to pack more performance into
smaller physical footprints. This is where smarter, denser, and
more flexible cabling architectures such as Intermittently
Bonded Ribbon (IBR) designs become strategic enablers for
scalability.

The Speed Factor: Every Millisecond
Counts

In edge computing, latency isn't measured in seconds, it's
rmeasured in milliseconds. For real-time systems like
autonomous vehicles or Al-powered trading platforms,
even a 10 ms delay canimpact performance or safety.

Low latency requires:

1. Shorter physical distances (edge proximity)

2. Fewer network hops (simplified architectures)

3. High-bandwidth optical paths (fiber-driven
backbones)

This triad makes fiber connectivity at the edge not just
advantageous but indispensable. The goal is no longer just
connectionit's instantaneous connection.

Did You Know?

« Asingle Al training cluster at a hyperscaler can include
20,000+ GPUs, exchanging terabytes of data per
second within one facility.

« Thisdesignintensity means that each hyperscale build
now demands kilometers of high-density fiber cabling,
with fiber counts exceeding 3,000 perlinkinlarge
deployments.
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Inside the Modern Data Center
Engine Room

Walk inside a modern data center and you won't hear the
clatter of machines you'll feel the quiet hum of precision.
Rows of blinking servers, glowing fibers, and relentless
airflow form the engine room of the digital age. Thisis
where artificial intelligence, cloud applications, and data
analytics cometo life. And increasingly, this is where
connectivity design determines performance.

From Hardware to Highways

A decade ago, the discussion around data centers centered
oncompute power, processors, and cooling efficiency. Today,
the conversation has shifted. In the Al era, data movement,
not storage, has become the bottleneck. GPUs, TPUs, and
CPUs exchange massive volumes of data across clusters,
sometimes terabytes per second in processes known as
east-west traffic.

According to Cisco's Global Cloud Index, intra-data center
traffic now represents over 80% of total traffic, driven largely
by Al and big data workloads. The architecture that once
supported simple web hosting must now handle real-time,
high-bandwidth machine learning pipelines.

Traditional "three-tier" architectures with separate access,
aggregation, and core layers simply can't scale fast enough.
Instead, hyperscalers are adopting spine-leaf topologies,
which allow every server to connect to every other with
minimal hops and latency.

“In Al workloads, every second of delay multiplies cost and

energy. The network must move as fast as thought itself.”

Cisco Data Center Report, 2024
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The New Anatomy of Performance

Modern Al data centers are built like performance engines
every part tuned for speed, reliability, and energy efficiency.
The physical layer, especially fiber cabling, now defines how
efficiently afacility can scale, cool, and operate.
CommScope's 2024 Data Center Best Practices Report
highlights that over 60% of unplanned outages stem from
poor cabling practices, mismanagement, congestion, or
limited scalability. It's not computer failures that bring systems
down; it's connectivity fragility.

Key architectural shifts include:

1. Higher bandwidth fabrics: 400G and 800G optical

links are becoming the norm.

2. Shorter latency loops: Reducing internal hops
betweenracks.

3. Compact routing pathways: Optimized airflow and
minimal obstruction.

4. High-density fiber trunks: More connections within
smaller duct spaces.

These trends are redefining how engineers design both
greenfield and retrofit data centers.

The Density Imperative

Alclusters are data-hungry and space-hungry. As hyperscale
facilities add racks and GPUs, each cable tray, duct, and
conduit becomes precious real estate. High-density
environments now regularly deploy fiber counts exceeding
3.000 per link, with dozens of multi-fiber connections per rack
row. This creates enormous strain on physical pathways,
airflow dynamics, and maintenance access. Panduit's 2024
Infrastructure Report warns that unmanaged cable bulk can
reduce airflow efficiency by up to 20%, increasing cooling
costs by the same proportion. In other words, the way cables
are designed and organized directly impacts energy
consumption and operational expenditure (OPEX). To
maintain both density and manageability, data center
architects now demand smarter aptical solutions cables that
pack more performance into smaller, lighter constructions
while remaining easy toinstall and service.

Cabling: The Unseen Performance
Multiplier

Cables are often invisible in data center marketing decks
but they're the lifelines of Al ecosystems. A single poorly
terminated fiber can cripple GPU synchronization or create
cascading latency issues across Al clusters.

The new generation of optical connectivity systems s
engineered for mass fusion splicing, modular terminations,
and bend-insensitive designs. These features ensure
minimal signal loss, faster deployment, and simplified
maintenance all critical in hyperscale environments where
downtime costs millions per hour,

Did You Know?

« Eachsecond of data center downtime costs
enterprises anaverage of $9,000, according to
Uptime Institute.

» Optimized fiber layout canimprove cooling efficiency
by 10-15%, reducing energy costs annually.

This is why the focus is shifting from simply adding more
fiber to engineering smarter fiber systems setting the
stage for next-generation designs like HFCL's
Intermittently Bonded Ribbon (IBR) technology.
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The Density Dilemma and
Rise of Smart Cabling

Thedata center of the Al erais no longer defined by the Key challenges faced by hyperscale and edge operators
number of servers it holds, but by how much fiber itcancarry include:

efficiently, compactly, and reliably. As hyperscalers, telecom ) o .
» Duct congestion: Limited pathways make expansion

difficult.
- Airflow restrictions: Dense cable trays reduce cooling

providers, and cloud operators scale to meet the demands of
Aland real-time data analytics, the single biggest bottleneck

they face is physical space. Every new rack, switch, and GPU o
efficiency.

cluster needs more interconnectivity and that means more . . ,
« Splicing complexity: More fibers mean longer

fiber. Butin environments where ducts and conduits are

) installation and repair times.
already congested, there's only one way forward viz smarter

, , » Weight and rigidity: Traditional high-count cables are
cabling design. , ,
heavier and less flexible.
» Downtime risk: Complex layouts increase mean time

The Density Dilemma torepair (MTTR).

The modern data center operates under a paradox: Toscale
performance, it must add more fiber but every additional

‘Data centers are running out of space faster th

an they're running out of power."
strand adds bulk, complexity, and heat load.

— Data Center Frontier, 2024
CommScape's 2024 Cabling Report estimates that large

hyperscale facilities deploy an average of 2,000 to 3,000
In short, as fiber counts soar, infrastructure scalability is

being throttled not by compute or cooling but by cabling

fibers per link, connecting thousands of switches and GPU

racks. Each connection contributes to a growing physical and

operational burden. geometry itself.

T
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The Space and Speed Equation

For every hyperscaler, speed to deploy equals competitive
advantage. Aone-month delay in bringing a new cluster online
cancost milions in lost opportunity. Yet manual splicing and
installation of thousands of fibers often delay project timelines
by 30-40%, according to RDM's Data Center Handbook.

Traditional ribbon and loose-tube designs each come with
trade-offs:

» Loose-tube cables are flexible and resilient but take
longer to splice.

» Fully bonded ribbon cables allow mass fusion splicing
butare rigid and hard to handle in tight spaces.

Neither offers the right balance of density, flexibility, and
installation efficiency needed in next-generation Al and
hyperscale facilities.

Thisimbalance has driven optical engineers to rethink cabling
from the inside out—to develop new designs that combine the
best of both worlds.

Bending Without Breaking

Asdata centers grow denser, the bend radius of fiber cables
becomes critical. Excessive bending can lead to signal loss,
attenuation, and even fiber breakage all of which directly
impact network performance. Panduit's 2024 study found
thatimproper bend management can increase optical signal
loss by up to 0.3 dB per connector, enough to degrade Al
cluster synchronization.

The next generation of high-fiber-count cables must be
flexible enough to route through constrained pathways yet
structured enough to support mass splicing and
management. This is the foundation of smart cabling
solutions designed for high density, high flexibility, and high
performance, optimized for Alworkloads and low-latency
fabrics.

The Need for Smarter Optical Design

Theindustry's focus is shifting from more fibers per duct to
more intelligence per cable. This means creating fiber
systemsthat:

» Maximize packing density without adding weight.

» Simplify installation through modular construction.

» Enable faster splicing and reconfiguration for
scalable growth.

» Reduce duct occupancy and improve airflow
efficiency.

Hyperscale builders, telcos, and Al network designers are
now seeking cabling systems that merge high capacity
with physical agility, one that allows them to scale from
hundreds to thousands of fibers without redesigning
pathways or equipment.

These requirements have led to one of the most impactful
optical engineering breakthroughs in recent years: the
Intermittently Bonded Ribbon (IBR) Cable, aninnovation

that redefines the rules of high-density connectivity.




HFCL

The IBR Advantage:
The Smarter Fiber Revolution

Inevery era of technological change, a breakthrough
emerges that quietly redefines the limits of what's possible. In
the world of data center connectivity, that breakthroughis
HFCL's Intermittently Bonded Ribbon (IBR) Cable adesign
that combines the density of ribbon fiber with the flexibility of
loose-tube architecture, delivering unmatched scalability
and speed for the Al-driven future.

The IBR cableisn't just another product innovation; it
represents a new engineering philosophy one built around
the idea that networks must be compact, intelligent, and
adaptable to the demands of Al and hyperscale growth.

The Science Behind the Breakthrough

Traditional ribbon cables bond fibersin fixed, rigid structures.
While this allows for mass fusion splicing, it creates
challenges in routing, bending, and handling especially as
fiber counts rise into the thousands. HFCL's Intermittently
Bonded Ribbon solves this by bending fibers at specific
intervals, rather than continuously.

This unigue structure allows ribbons to:

1. Maintain alignment for mass fusion splicing (12F to 24F)

2. Separate easily for individual fiber access

3. Bend and route through tight pathways without
performance loss

Theresultis a hybrid architecture that delivers both high fiber
density and flexibility—the two qualities hyperscale and edge
operators value most.

Performance That Scales With
Intelligence

ThelBR cableis engineered for environments where
scalability is non-negotiable. With capacities ranging from
144F to 3456F, it supports the world's most demanding
hyperscale and Al infrastructures while maintaining a
smaller, lighter profile than comparable fully bonded
designs.

HFCL performance benchmarks show that IBR cables
deliver:

1. Upto 40% faster deployment time due to simplified
splicing and handling

2. 35% reductionin duct occupancy,improving airflow
and cooling efficiency

3. 2x network performance through optimized
geometry and signal integrity

4. High crush resistance and bend performance,
reducing mechanical strain

5. Improved reconfigurability, allowing networks to
evolve dynamically

These numbers aren't theoretical they translate directly
into lower operational costs, faster rollouts, and more
sustainable builds.
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Designed for Al-Driven Data Centers

Al infrastructure demands scale, bandwidth, and
responsiveness at levels never seen before. Training a single
large language model can require tens of thousands of GPUs
exchanging terabytes of data per second. In such systems,
any latency or network bottleneck reduces training speed,
energy efficiency, and RO

The IBR cable architecture directly addresses these
performance thresholds by enabling:

+ Massive interconnect density within confined duct
spaces

+ Faster splicing cycles, reducing construction and upgrade
timelines

» Enhanced mechanical durability under the thermal and
spatial stress of high-density racks

By combining high packing density with installation flexibility,
HFCL's IBR technology supports both core data center
interconnects (DCI) and edge expansions, making it ideal for
modular Al networks and hybrid cloud ecosystems.

Built for Sustainability and Longevity

Scalability and sustainability must go hand in hand. Because
of its compact design and optimized material usage, IBR
cabling contributes to lower embodied carbon and reduced
duct utilization, cutting both cost and environmental impact.
Its lightweight structure improves airflow within conduits,
enabling better cooling efficiency and reducing total energy
consumption.

This aligns with global ESG goals and hyperscaler
sustainahility targets, where efficiency and environmental
stewardship are now as critical as speed.

Quick Fact:

A 864F IBR cable can fitin the same conduit space as
traditional ribbon effectively doubling fiber capacity
without expansion.

Why HFCL's IBR Cable Leads the
Change

HFCL's IBR Cable represents over a decade of R&Din
optical designand manufacturing excellence. As part of
HFCL's commitrment to innovation, the IBR solution
integrates advanced fiber alignment, thermal stability, and
coating technologies that ensure superior optical
performance and long-term reliability even under harsh
conditions.

With proven deployments across hyperscale, telecom,
and data center environments, the IBR Cable stands out
as a future-proof optical foundation for Al and cloud
infrastructure.

‘At HFCL, we believe innovation must empower
connectivity, not complicate it. IBR is a leap foward
intelligent fiber networks that perform better, install faster,

and lastlonger”
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Sustainability and the Smart Cable

Movement

As data consumption and Al computing skyrocket, a new question dominates boardrooms and engineering labs alike the

maijor guestion that stands here is that how can we scale digital infrastructure without scaling our environmental footprint?

Modern data centers are the beating heart of the digital economy but they're also among the largest consumers of energy on

the planet. According to the International Energy Agency (IEA), data centers today account for 3% of global electricity use and

nearly 2% of global CO, emissions. As Al workloads grow exponentially, this figure could double by 2030 unless infrastructure

becomes smarter and more efficient.

Therace for performance has officially merged with the race for sustainability.

Efficiency as a Design Imperative

The traditional approach to building data centers add more
power, mare racks, and more cooling no longer works. The
industry's new mandate is efficiency per watt, not expansion
perwatt. That means every watt of energy, every cubic meter
of air, and every millimeter of duct space must be optimized for
maximum performance output.

This shift is redefining how network architects view cabling.
What once seemed like a passive element in the data
ecosystemis now a key lever in achieving sustainability goals.
Panduit's 2024 Data Center Energy Report reveals that
optimized cabling layouts can improve airflow efficiency by up
t015%, reducing overall cooling power needs by 10% or more.
When multiplied across hundreds of racks, that improvement
translates into millions of kilowatt-hours saved annually.

“Sustainability isn't a choice it's a capability.”

—Gartner Infrastructure Outlook, 2024

How Cabling Impacts the Carbon
Equation

It's easy to underestimate the environmental impact of
cabling, but the numbers tell a powerful story. Each meter
of oversized, inefficient cable adds unnecessary weight,
material use, and airflow resistance all of which compound
across hyperscale campuses.

Smart cabling, particularly high-density optical designs like
HFCL's IBR, addresses these inefficiencies through:

+ Reduced material consumption (smaller diameter per
fiber count)

+ Better duct utilization, leading to less physical
infrastructure

= Improved thermal flow, reducing cooling energy needs

+ Longer lifecycle, lowering replacement and waste

For large data centers, even a 10% improvement in thermal
management can cut carbon emissions by hundreds of
tons annually.

Did You Know?

Replacing legacy cables with IBR high-density fiber can
reduce duct material use by up to 35%, directly cutting
embodied carbon and energy usage.
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HFCL's IBR Cable and
Sustainable Design Thinking

The ESG Alignment

HFCL's Intermittently Bonded Ribbon (IBR) cable
embodies sustainable innovation by addressing three
critical aspects of green data center design:

1. Material Efficiency: IBR's compact geometry means
fewer raw materials are needed to achieve the same or
greater fiber counts.

2. Energy Efficiency: The lightweight, airflow-friendly
designimproves PUE (Power Usage Effectiveness) by
enhancing cooling performance.

3. Operational Longevity: With easier handling and
modular scalability, IBR reduces both installation energy
and maintenance emissions over its lifetime.

When scaled across a hyperscale environment, these
benefits compound dramatically. An IBR-based cabling
system can save thousands of kilograms of CO, equivalent
emissions over its lifecycle compared to conventional
designs.

HFCL's own field analysis indicates that high-density IBR
installations reduce duct utilization by up to 35% and lower
total installation-related emissions by 25-30%.

Every major hyperscaler from AWS and Google to Microsoft and Meta has pledged to reach carbon neutrality or net-zero

emissions within the next decade. These goals aren't limited to energy scurcing; they extend deep into the supply chain and

infrastructure layers.

HFCL's IBR cable aligns perfectly with these ESG mandates, supporting both:

1. Scope 3 emission reductions (supply chainimpact)

2. Operational sustainability metrics (energy and material efficiency)

This makes it not only a technical enabler but a strategic sustainability asset a key differentiator for crganizations looking to

meet regulatory, environmental, and investor expectations.

“Efficiency isn't optional it's existential.”

—Andy Jassy, CEO, AWS
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Reliability, Flexibility and
Speed in Deployment

In the age of Al, the most advanced data centers are no longer measured by how much data they can store but by how fast

they can evolve. Every hyperscale project today operates under immense pressure: build faster, connect smarter, and stay
online 24/7. The foundation of that agility lies in one critical area: the reliability and deployability of the physical network layer. In

environments where downtime costs millions per hour, and every day of delay equals lost capacity, even the smallest cabling

decision becomes strategic.

The Cost of Complexity

Traditional high-fiber-count cables, especially fully bonded
ribbon designs, often require extensive preparation and
specialized handling. Splicing, routing, and maintaining these
cables across multiple ducts can consume days or even
weeks of project time. In hyperscale environments deploying
tens of thousands of fibers, those delays can add up to
significant financial and operational impacts.

According to the Uptime Institute, the average cost of asingle
data center outage now exceeds $500,000, with nearly 40%
caused by network and connectivity failures. Meanwhile, a
CommScaope analysis (2024) found that cabling complexity
accounts for up to 30% of total deployment time in large-
scale builds.

‘Reliability begins with simplicity the simpler the
system, the fewer the points of failure.”

—Data Center Frontier, 2025

The IBR Difference in Real-World
Deployment

HFCL's Intermittently Bonded Ribbon (IBR) Cable was
engineered specifically for these operational realities. By
bonding fibers only at intervals, the IBR design allows
technicians to mass fuse splice entire ribbons while still
offering the flexibility to access and manage individual
fibers when needed.

This dual functionality eliminates many of the logistical
constraints associated with both loose-tube and fully
bonded ribbon designs.

The resultis faster rollouts, lower installation risk, and

higher uptime across all phases of the data center lifecycle
from greenfield constructionto live upgrades.
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Key Deployment Advantages of IBR:

» 40% fasterinstallation due to easy handling and flexible
routing

* Reduced MTTR (Mean Time to Repair) individual fiber
access without cutting ribbons

« Simplified storage and logistics, thanks to smaller cable
diameter and lighter weight

= Compatibility with both mass fusion and single-fiber
splicing techniques

+ Minimal training curve, reducing dependence on highly
specialized labor

When scaled across hundreds of ducts and thousands of
splices, these efficiencies translate into weeks savedin
deployment timelines and significant OPEX reductions over
time.

Building Resilience Into Every
Connection

Reliability in Al-ready networks isn't just about hardware
redundancy it's about mechanical precision and optical
integrity. HFCL's IBR cable is designed to withstand the
physical stresses of high-density routing, bending, and
temperature variation, maintaining optimal optical
performance even under tough conditions.

+ Bend-insensitive fibers minimize signal loss in tight
pathways.

« Advanced outer sheathing provides superior crush and
tensile resistance.

« Thermally stable materials ensure consistent
performance under fluctuating loads.

These design attributes make IBR cabling especially suited
for edge data centers, metro interconnects, and Al clusters,
where resilience and uptime are non-negotiable.

Did You Know?

Using modular, pre-terminated IBR cables can reduce field
splicing by up to 25%, improving serviceability and cutting
downtime risks during upgrades.

The Speed-to-Scale Advantage

In hyperscale construction, speed equals strategic
advantage. As Al and machine learning workloads
expand, operators must deploy infrastructure faster than
ever sometimes rolling cut hundreds of kilometers of
cablingin weeks. IBR technology helps deliver that
acceleration. Its streamlined design enables mass splicing
at up to 1,000 fibers per hour, dramatically reducing
deployment times while maintaining consistency and
quality. Moreover, its lighter structure reduces
transportation and handling costs, while its flexibility
minimizes the number of jJunction boxes and splice
closures required per site simplifying both logistics and
maintenance.

HFCL's field projects have demonstrated 30-40% shorter
deployment cycles compared to traditional ribbon-based
systems, enabling faster time-to-market for hyperscale

and edge facilities alike.
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Future-Ready Data Centers and

The Fiber-First Era

The next decade will be defined not by how much data we create, but by how intelligently we move it. As artificial intelligence,

cloud computing, and edge ecosystems merge into a seamless digital continuum, the modern data center is being reimagined
not just as a space, but as an adaptive, living network. In this new era, connectivity is the core differentiator. Speed, sustainahility,

and scalability all depend on one common denominator: the fiber infrastructure beneath it all.

The Al-Cloud Convergence

Alworkloads are evolving at breakneck speed. Training
advanced models now requires thousands of parallel GPUs
and specialized interconnect fabrics capable of moving
terabytes of data every second. This exponential growth has
triggered what experts call the Al-Cloud Convergence a
unified architecture where compute, storage, and networking
operate in perfect synchronization. According to Goldman
Sachs (2024), global data center power demand driven by Al

will grow by 160% by 2030, while Al traffic will represent nearly

30% of all global internet data movement. This
unprecedented growth underscores the impartance of ultra-
fast, low-latency optical connectivity that can scale
intelligently and efficiently.

From Centralized to Distributed
Intelligence

The future of data infrastructure will not be monolithic.
Hyperscalers, telcos, and enterprises are building
distributed intelligence architecture networks that blend
cloud cores with regional hubs and edge micro data
centers. Each of these nodes must remain synchronized
with near-zero latency, creating trillions of tiny data
handshakes every second. This distributed architecture
depends on fiber-first strategies where every node, device,
and system connects through dense, resilient optical
networks. Clover Infotech and Gartner note that by 2032,
over 70% of enterprise data willbe generated and
processed outside traditional core data centers. This
decentralization demands fiber infrastructure that can
scale effortlessly, support rapid provisioning, and enable
real-time data mobility.
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Fiber-First Is the Foundation of Future
Readiness

Theidea of fiber-first is no longer a forward-thinking slogan,

it's a survival strategy. In the Al era, only fiber networks can
provide the speed, capacity, and resilience necessary to
handle the demands of hyper-connected applications.

HFCL's IBR Cable stands at the center of this
transformation. Its hybrid bonded design enables
hyperscalers, cloud providers, and telcos to:

« Double fiber capacity within existing duct systems

« Accelerate deployment timelines by up to 40%

+ Enhance sustainability through reduced material and
energy use

« Future-proof their networks for terabit-scale workloads

By adopting IBR technology, operators lay the groundwork
for Al-native infrastructure systems that can evolve

dynamically as computing paradigms shift.

The Sustainable Data Center of
Tomorrow

The world's leading data center operators are now racing
to meet net-zero and carbon-neutral targets by 2035.
Smarter cabling architectures like IBR play an essential
role in this transition reducing physical material use,
optimizing cooling airflow, and cutting total operational
energy.

The Data Center Frontier Sustainability Index (2025)
projects that facilities using compact optical systems can
achieve up to 12% better overall energy efficiency over
traditional builds. HFCL's design approach integrates
seamlessly into this vision enabling not just performance,
but purpose-driven innovation.

“The future of performance is sustainability.”

—Global Hyperscale
Infrastructure Summit, 2024

A Blueprint for the Al-Powered Decade

As Al continues to transform industries from healthcare
and finance to manufacturing and moebility the underlying
infrastructure must evolve from being reactive to
self-optimizing. This new generation of intelligent data
centers will rely on:

- High-density fiber networks for data mobility

« Modular cabling ecosystems for scalability

» Smart sustainability frameworks for long-term
resilience

HFCL's IBR Cable delivers the flexibility, performance, and
reliability required to build this future. It's not just a product,
it's a platform for transformation. By connecting the dots
between performance, sustainability, and innovation, IBR
technology lays the fiber foundation of the Al era enabling
data centers to grow intelligently, sustainably, and infinitely.
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Conclusion

The digital erais no longer defined by screens but by the fiber strands powering the world beneath them. As Al, cloud,
and edge ecosystems redefine how intelligence moves, the speed of progress now depends on the speed of photons.
Fiber has become the new foundation of innovation enabling real-time learning, high-density computing, and
sustainable growth. Inthis intelligent age, networks are not just carrying information; they are carrying intelligence itself.

HFCL is proud to be part of that evolution helping build networks that think, adapt, and endure. Through innovations like
Intermittently Bonded Ribbon (IBR) technology, HFCL blends compact design, flexibility, and sustainability to support
hyperscale growth. By enabling faster deployment, smarter scalability, and greener operations, IBR cables prepare data
centers and telecom networks for an Al-driven decade. Because when networks are built to adapt, they don't just
enable faster connectivity they unlock the next frontier of global intelligence.

e e
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Glossary

Al (Artificial Intelligence) - Machines that simulate
human learning and reasoning using data and algorithms.

Bandwidth - The maximum rate of data transfer across a
network.

Cloud Computing - Delivering computing resources (like
servers and storage) over the internet for on-demand
scalability.

Core Network - The main backbone that connects data
centers and major network nodes.

Data Center Connect (DCC) - High-speed optical links
between multiple data centers.

Duct Utilization - How efficiently physical conduits are
used to house fiber cables.

Edge Computing - Processing data closer to whereiit's
generated toreduce latency.

ESG - Environmental, Social, and Governance standards
for sustainability.

Fiber Optic Cable - A medium that transmits data using
light for high speed and low latency.

Fully Bonded Ribbon - A ribbon-style fiber cable where
fibers are continuously bonded together.

HPC (High-Performance Computing) -
Supercomputing used for large-scale data and Al

processing.

IBR (Intermittently Bonded Ribbon) Cable - HFCl's
advanced cable that combines ribbon density with flexible
installation.

Latency - The time delay between data transmission and
response.

Loose-Tube Cable - A flexible fiber cable where fibers are
loosely enclosed for protection.

MTTR (Mean Time to Repair) - The average time
required to fix anetwork failure.

OPEX / CAPEX - Operational and capital expenses;
ongoing vs. investment costs.

PUE (Power Usage Effectiveness) - A measure of data
center energy efficiency.

SFP / QSFP - Plug-in optical modules connecting finer
cables to network equipment.

Spine-Leaf Architecture - A data center network layout
that ensures efficient traffic flow.

East-West Traffic - Data moving between servers withina
datacenter.

Net-Zero Infrastructure - Systems designed to achieve
zeronet carbon emissions.

OTDR - A tool used to test and verify the quality of optical
fiber installations.




