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Executive Summary & Abstract

1.1. The Data Center at a Crossroads 1.2. The Passive Infrastructure Gap

The global data center industry is at a turning point more 

significantly than any since the rise of cloud computing. 

What's happening now isn't gradual evolution, it's 

fundamental restructuring driven by the sudden, unrelenting 

demand for Generative AI (GenAI). McKinsey research 

indicates the data center value chain is entering one of the 

largest capital allocation opportunities in modern history, 

with cumulative investment in global infrastructure projected 

to reach nearly $7 trillion by 2030 to meet escalating 

compute power demand.



This supercycle is reshaping power, technology, and real 

estate sectors simultaneously. Fortune Business Insights 

reports the global data center market is valued at 

approximately $269.79 billion in 2025, tracking toward 

$584.86 billion by 2032. The AI-specific subset is expanding 

faster. Markets anticipate this segment alone will approach 

$933.76 billion by 2030. Power density defines the current 

era. Traditional facilities ran comfortably at 5–15 kW per rack. 

Today's AI-optimized facilities are pushing past 125 kW per 

rack, with some modern deployments already supporting 

up to 150 kW to accommodate dense GPU clusters. The 

2026 and 2027 roadmap indicates even more extreme 

requirements: NVIDIA's Vera Rubin platform is expected to 

demand up to 600 kW in a single rack by 2027, a power 

draw equivalent to roughly 400 typical homes.

Silicon performance and power delivery dominate industry 

attention, but a crisis is brewing in the physical interconnect 

layer, the fiber and copper that serve as the network's 

nervous system. As workloads scale, this layer has become 

the primary bottleneck for AI training and inference. The 

bandwidth problem is immense. The Cignal AI Optical 

Components Report (May 2025) shows 800GbE optical 

transceivers have become the standard for 2025–2026, 

with shipments projected to grow by 60% in 2025 alone to 

keep pace with exponential AI cluster growth.



Light Counting and Dell'Oro Group highlight that the first 

wave of 1.6T switches initially appearing in InfiniBand 

platforms began deployment in early 2026, demanding 

unprecedented signal integrity and thermal sophistication to 

handle the 200G-per-lane signaling required for next-

generation AI infrastructure. At these speeds, the Loss 

Budget the amount of signal that can be lost across a link is 

extremely tight. PAM4 encoding, used in 800G and 1.6T 

systems, is highly sensitive to signal reflection and 

attenuation. High-performance connectors like MPO/MTP 

cables must deliver insertion loss as low as 0.15–0.35 dB. 

Fractions of a decibel now determine whether a multi-million 

dollar network functions or fails The human element 

remains a significant risk. The Uptime Institute's Annual 

Outage Analysis 2025 shows that while overall outage 

frequency is declining, the proportion of human error-related 

outages caused by a failure to follow procedures rose by 

10% compared to the previous year. Nearly 40% of 

organizations have experienced major failures directly 

traceable to preventable mistakes during network 

configuration or maintenance.
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1.3. The HFCL Solution

This whitepaper presents the HFCL High-Density as a 

practical architectural answer to these infrastructure 

pressures. We provide factory-terminated MPO/MTP Trunk 

Assemblies and modular HD Cassettes that address three 

imperatives for modern facilities:


Accelerated Deployment: Pre-terminated plug-and-play 

modules allow operators to go live in months instead of 

years, which is critical in the race to launch AI services.


Thermal Management through Design: High-density 

structured cabling reduces the physical bulk that chokes 

airflow in traditional builds. As facilities transition to liquid 

cooling to handle the 300% increase in power demand 

from AI chips, organized physical infrastructure is no 

longer optional. 


Scalable Migration Paths: Utilizing Base-16 and Base-24 

architectures with MTP connectors creates a clear 

upgrade path for 400G, 800G, and 1.6T fabrics.

1.4. Strategic Importance for India 

India has emerged as a critical global node in the rapid surge 

of digital infrastructure. JLL and Jefferies estimate that major 

hyperscalers and domestic conglomerates are committing 

over $50 billion to expand the nation's data center capacity 

from just over 1 GW in 2024 to an anticipated 9-10 GW by 

2030. Mumbai has solidified its status as a primary hub for 

high-density compute, while Chennai has become a vital 

manufacturing base for the sector. HFCL's manufacturing 

facility in Chennai is central to this growth, providing locally 

produced, quality-assured infrastructure that adheres to 

global TIA/IEC and Bellcore standards. By shifting from 

time-consuming manual on-site termination to precision 

manufactured networking, Indian operators can achieve up 

to a 75% speed advantage in deployment.
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The 2025-2026 Data Center 
Landscape

2.1. The AI Supercomputing Revolution

As the industry moves through 2026, artificial intelligence 

has transitioned from a specialized workload to the baseline 

design assumption for all new digital infrastructure. A 

Citigroup (Citi) report projects global capital expenditure on 

AI-related infrastructure by hyperscalers and large 

enterprises will accelerate sharply, reaching approximately 

$490 billion by the end of 2026. This represents a 

fundamental architectural move away from CPU-centric 

designs toward high-density GPU clusters that demand 

entirely different approaches to connectivity, power, and 

thermal management.



Surging global power requirements reflect the scale of this 

revolution. Goldman Sachs Research indicates the 

explosion in generative AI will drive a 165% increase in global 

data center power demand by 2030 compared to 2023 

levels. By 2027, Goldman Sachs analysts project AI 

workloads alone will consume 27% of all data center power, 

a significant jump from just 14% in 2025. JLL notes that while 

training drives current demand, a significant shift is 

anticipated in 2027, when inference workloads which 

generate ongoing revenue through application usage could 

overtake training as the dominant requirement.

2.2. The Impact of NVIDIA Blackwell 

and Rubin Architectures

The NVIDIA Blackwell architecture, particularly the GB200 

and GB300 NVL72 systems, represents a threshold 

moment for data center connectivity. Unlike previous 

generations, Blackwell is engineered for AI Factories, where 

thousands of GPUs function as a single distributed 

supercomputer.


Bandwidth Requirements: The GB300 NVL72 platform 

connects GPUs at 800G speeds per node via the 

Quantum-X800 InfiniBand network.


Fiber Intensity: These AI factories require between 16x 

and 36x more fiber than traditional CPU-based systems 

to accommodate the massive East-West traffic patterns.


Structured Cabling: NVIDIA has officially recommended 

structured cabling approaches for next-generation 

platforms like the GB300 to ensure predictable, low-

latency performance.


Future Roadmap: Following Blackwell Ultra, NVIDIA has 

already outlined the Vera Rubin and Rubin Ultra 

generations for 2026 and 2027, followed by Feynman in 

2028. These generations will continue to push the 

boundaries of rack density and interconnect speeds.
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2.3. The Transition to 800G and 1.6T Fabrics

The industry is moving through the 400G and 800G cycles 

faster than anticipated, with 800G projected to dominate 

high-speed networking through 2026. The Cignal AI Optical 

Components Report indicates shipments of 800G optical 

transceivers are expected to grow by 60% in 2025 alone to 

keep pace with the connectivity demands of massive AI 

clusters.


1.6T Arrival: LightCounting notes the first wave of 1.6T 

switches, built on 200G per-lane technology (IEEE 

802.3dj), is already seeing early deployment in 

specialized high-performance InfiniBand environments. 

Ethernet-based 1.6T systems are expected to follow in 

the second half of 2026 as the ecosystem for 224G 

SerDes matures.


Efficiency Gains: Transitioning to 800G is a strategic 

move to maximize expensive compute assets; optimized 

800G fabrics can reduce GPU idle time from 

approximately 33% in older networks to less than 15%, 

significantly increasing ROI for AI factories.


Power Per Gigabit: While a single 800G OSFP module 

may consume up to 20W of absolute power, Crehan 

Research reports that 800G technology delivers 25–

30% better power efficiency per gigabit compared to 

400G, a critical metric for power-constrained data 

centers looking to scale.

2.4. Thermal Challenges and the 

Thermal Wall

As rack power densities approach 100–150 kW for AI-

heavy configurations, the industry is hitting a thermal wall 

where traditional air cooling is no longer physically viable.


Liquid Cooling Dominance: By late 2026, liquid cooling 

including direct-to-chip, immersion, and Rear-Door 

Heat Exchangers (RDHx) will shift from an optional 

upgrade to a standard specification. Goldman Sachs 

forecasts that liquid-cooled AI servers will rise from 15% 

in 2024 to 76% in 2026.


Cabling's Role in Cooling: Thermal and mechanical 

constraints now influence cable routing as much as 

signal requirements. Bulky, disorganized cabling blocks 

the precise airflow required for cooling units to operate 

efficiently. Ultra-slim MPO/MTP trunks have become a 

thermal necessity to ensure air can reach critical heat-

exchange components without obstruction.
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The Physical Layer 
Challenge

3.2. Thermal Management and the 

Cabling Airflow Crisis

As data centers transition to support the massive East-West 

traffic of Generative AI, the physical layer once viewed as a 

passive utility is now a critical performance enabler. The 

move toward 800G and 1.6T networking has rendered 

traditional point-to-point (P2P) cabling obsolete for 

hyperscale environments. CommScope reports indicate 

structured cabling provides a hierarchical, organized 

framework that is essential for supporting multiple 

generations of AI hardware. Unlike P2P setups, which require 

a new cable for every individual connection and often result in 

cabling chaos, structured systems utilize distribution areas. 

This allows the backbone cabling to remain in place for 15–20 

years while only the short jumper cables are updated as 

transceiver speeds evolve.

3.1. The Critical Role of Structured 

Cabling in AI Environments

In the 2026 data center, thermal management is the 

primary driver of infrastructure design. With AI racks now 

exceeding 125 kW, every obstacle to airflow increases the 

risk of equipment failure.


Bypass Airflow and Inefficiency: Upsite Technologies 

research highlights that disorganized cabling in the 

back of racks or under raised floors creates significant 

"bypass airflow". For example, a standard 6" x 9" cable 

cutout that is only 25% full of disorganized cable can 

result in 22% bypass air, diverting cooling away from 

critical server intakes.[Source: Upsite Technologies, 

"Data Center Cable & Airflow Management"]


Static Pressure and Fan Energy: When cables 

obstruct hot aisle exhaust, they increase static 

pressure. Fan performance curves show a pressure 

increase of just 0.2" H2O can result in a 50% reduction 

in cooling fan throughput. This forces server fans to 

work harder, increasing energy consumption and 

potentially leading to localized hotspots that exceed 

ASHRAE TC9.9 thermal guidelines.[Source: ASHRAE 

TC9.9 / Industry Fan Performance Curves]


The Transition to Liquid Cooling: As direct-to-chip and 

immersion cooling become industry standards by late 

2026, the physical footprint of cabling must shrink. 

High-density MPO/MTP trunks are engineered to be up 

to 50% smaller than traditional bundles, ensuring they 

do not interfere with the complex piping and Coolant 

Distribution Units (CDUs) required for liquid-cooled AI 

clusters.[Source: Goldman Sachs (Liquid Cooling 

Forecast 2026) / HFCL-HTL Technical Specifications]
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3.3. Financial Impact and the Cost of 

Human Error

Operational excellence in the AI era is measured by uptime. 

However, the complexity of modern networks has increased 

the risk of manual intervention.


Downtime Costs: The Uptime Institute's 2025 Annual 

Outage Analysis reveals that while overall outage 

frequency is slowing, the financial impact is rising. Over 

half of all significant outages now cost more than 

$100,000, and 16% exceed $1 million in total losses.


Troubleshooting Time: Studies indicate disorganized 

cable management accounts for nearly 50% of data 

center troubleshooting time. In a cabling chaos 

environment, technicians struggle to trace faults, leading 

to accidental disconnections of live production fibers.


Deployment Advantage: By moving to factory-

terminated, pre-tested solutions, operators eliminate the 

risk of field-termination errors. Industry benchmarks 

show installing pre-terminated MPO systems is 75% to 

80% faster than field-splicing, directly accelerating Time-

to-Compute and reducing the labor costs associated 

with highly skilled onsite technicians.

3.4. Signal Integrity and the "PAM4 Margin

The shift to 800G uses PAM4 (Pulse Amplitude Modulation 

4-level) encoding, which packs twice the data into the same 

bandwidth as traditional signaling. However, PAM4 is 

significantly more sensitive to signal loss and reflection.


Tight Loss Budgets: Total link loss budgets for 800G 

are often less than 1.5 dB. Standard connectors with 

high insertion loss can consume the entire budget, 

leaving no room for patches or long-run fiber.


HFCL Precision: HFCL's (subsidiary of HFCL) MPO/

MTP assemblies are manufactured in Class 10,000 

cleanrooms, delivering a typical insertion loss of 0.10 dB. 

This "ultra-low loss" (ULL) performance provides the 

necessary margin to support complex AI fabrics and 

ensures signal integrity remains high even across multi-

connection "structured" paths.
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Technical Deep Dive—The Engineering of 
MPO/MTP Trunk Assemblies

4.1. Defining the MPO/MTP Architecture

At the core of the 2026 data center fabric is the Multi-Fiber Push-On (MPO) connector. Standardized under IEC 61754-7 and 

TIA-604-5 (FOCIS-5), the MPO family enables the housing of multiple optical fibers typically 8, 12, 16, or 24 within a single 

rectangular ferrule. However, for the stringent performance requirements of AI clusters, HFCL utilizes the MTP(Multi-fiber 

Termination Push-on) connector, a high-performance variant featuring several critical mechanical enhancements:


Floating Ferrule: This mechanism allows two mated ferrules to maintain consistent physical contact even when the 

cable is under applied load or side strain, preventing the signal drops common in generic alternatives.


Elliptical Guide Pins: Unlike the angular pins found in standard MPOs connectors use rounded stainless steel pins to 

reduce debris and wear. This extends the connector's lifespan to over 1,000 mating cycles, a 100% improvement over the 

standard 500-cycle benchmark.


Metal Pin Clamps: HFCL utilizes stainless steel clamps rather than plastic to eliminate pin breakage and ensure centered 

spring force, which is vital for maintaining fiber alignment in high-density trays.

4.2. Base-8, Base-16, and Base-24: Application 
Mapping

The selection of a Base architecture is no longer a matter of 

preference; it is a strategic decision that determines a data 

center's fiber utilization and its path to 1.6T.


Base-8 Architecture: This is the most efficient choice for 

400G SR4 and early 800G protocols that use 8 fibers (4 

Tx, 4 Rx). By matching the transceiver's port count, it 

eliminates dark (unused) fibers, maximizing the ROI of 

every cable run.


Base-16 Architecture: Positioned as the specialized 

standard for 800G SR8 and upcoming 1.6T systems, 

Base-16 utilizes 8 transmit and 8 receive lanes to achieve 

100% fiber utilization. It features unique offset keying to 

prevent accidental mating with legacy 12-fiber hardware.


Base-24 (The Density Champion): Designed for the 

most extreme AI fabrics, Base-24 supports 800G SR8 

using two rows of 12 fibers. This allows for a 36x increase 

in fiber density over traditional single-fiber architectures 

within the same rack footprint.
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4.3. Signal Integrity: Loss Budgets and PAM4

As industry data rates advance to 800G and 1.6T, the Loss 

Budget the total allowable signal loss across a link has 

become exceptionally tight, often falling below 1.5 dB. This 

stems from the shift to PAM4 encoding, which is significantly 

more sensitive to signal reflection and attenuation than older 

NRZ technology.


Insertion Loss (IL) Benchmarks: While generic MPO 

connectors typically offer a maximum IL of 0.75 dB, 

HFCL's MPO trunk assemblies deliver a typical IL of just 

0.10 dB for single-mode fiber.


Compounding Performance: In a typical data center link 

featuring four to six connection points, utilizing HFCL's 

high-precision MPO cables can save over 1.5 dB of total 

link loss. In a PAM4-driven 1.6T environment, those 

fractions of a decibel represent the difference between a 

stable network and one plagued by frequent dropped 

packets and high latency.

4.4. Pre-Terminated Advantages: 
Accelerating Time-to-Compute

In the race to deploy GenAI models, Time-to-Compute is 

the definitive metric for ROI. Traditional on-site field-splicing 

of a high-density rack (e.g., 288 fibers) can take two expert 

technicians an entire day.


Manufactured vs. Constructed Networking: By 

shifting to factory-terminated HFCL Trunk Assemblies, 

the same 288-fiber connection is reduced to a "Plug-

and-Play" operation, dropping total installation time to 

approximately 1.5 to 2 hours.


Eliminating the Troubleshooting Tax: Approximately 

20% of troubleshooting time in manual builds is caused 

by on-site contamination or incorrect polarity. Every 

HFCL assembly is manufactured in a Class 10,000 

cleanroom in Chennai and undergoes interferometric 

testing to ensure it meets TIA/EIA standards before 

arrival, allowing operators to move directly to Live 

status with 100% confidence.
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Modular Efficiency—High-Density 
(HD) Cassettes & Patching

5.1. The Role of the Modular Cassette in AI 

Fabrics

In the 2026 data center, the Ultra High-Density (HD) Fiber Cassette is no longer just a patch point; it is the primary interface 

between high-capacity backbone trunks and high-performance GPU clusters. As hyperscale networks move toward 800G 

and 1.6T, the ability to manage thousands of fiber terminations without physical congestion is a prerequisite for network 

reliability. For HFCL customers, this modularity is designed to prevent infrastructure lock-in. An HD cassette acts as a self-

contained unit that converts high-fiber-count MPO/MTP inputs on the rear into individual duplex LC or SC ports on the front.


Bandwidth Grooming: Operators can break out a single 400G or 800G MPO trunk into multiple 10G, 25G, or 100G 

server connections, allowing legacy hardware and next-generation AI nodes to coexist in a single fabric.


Mechanical Integrity: The enclosed cassette design protects delicate fiber fan-outs from dust, physical strain, and high-

loss macro-bends, ensuring signal integrity remains within the tight budgets required for PAM4 encoding.


Rapid Maintenance: Technicians can replace or upgrade a single node shifting from an LC-based 10G breakout to an 

MPO-based 800G pass-through without disturbing adjacent connections or the permanent backbone cabling.

5.2. Maximizing Rack Unit (RU) Density for AI 
Supercomputers

Data center real estate is increasingly defined by power-to-

space ratios. Traditional fiber panels typically supported 48 to 

144 fibers per 1U. The HFCL Ultra High-Density System 

pushes these limits to accommodate the 36x fiber density 

requirements of AI factories.


The 144-Fiber Standard: HFCL's modular Light 

Interface Units (LIUs) now support up to 144 fibers per 

1U using ultra-compact LC duplex cassettes.


Zero-U Solutions: For racks fully occupied by high-

wattage GPUs, HFCL provides Zero-U (0U) mounting 

sleeves. These allow cassettes to be mounted 

vertically in side-rails or cable managers, freeing 

horizontal rack space for compute hardware.
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5.3. Facilitating Pay-as-you-Grow Scalability

A major challenge in data center CapEx is over-provisioning 

infrastructure that sits idle for years. Modular patching allows 

for a phased investment strategy:


Day 1 Deployment: Operators can install 1U or 4U chassis 

that are only 20% populated with active cassettes.


Incremental Expansion: As the AI cluster scales (e.g., 

from 32 nodes to 256 nodes), technicians simply snap in 

new pre-terminated cassettes. This eliminates the need 

for drilling, cable pulling, or on-site splicing, reducing labor 

requirements by up to 60% during expansion phases. 

5.4. Thermal Impact and Airflow 
Transparency

Organized patching is a direct contributor to cooling 

efficiency. In a facility aiming for a PUE of 1.10, cable 

management in the rear of the patch panel is as important 

as the connections in the front.


Slack Management: HFCL enclosures feature 

integrated management systems that route MPO 

trunks to the side, preventing hot exhaust air from being 

trapped behind the panel.


Airflow Integrity: Perforated panel covers allow for 

visual inspection while maintaining a physical barrier 

that prevents the mixing of hot and cold air aisles.
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The Copper Standard—
Shielded Cat6A

6.3. Safety and Environmental Mandates

HFCL's copper portfolio is designed for 10-year stability, 

utilizing 23 AWG premium grade solid bare copper to 

ensure maximum conductivity. All jackets are available in 

Low Smoke Zero Halogen (LSZH), which is mandatory for 

modern facilities to prevent toxic gas release during a fire. 

Furthermore, copper is fully recyclable, supporting the 

sustainability and ESG goals of modern data center 

operators.

6.2. The Shielding Mandate: S/FTP 
Engineering

6.1. Why Copper Remains Critical in the 
1.6T Era

As the industry focuses on fiber-rich backbones, copper 

remains the foundation of data center reliability and control. 

As of 2024, copper cabling still accounted for nearly 48% of 

structured cabling revenue. In 2026, its role has transitioned to 

two vital functions:


Out-of-Band (OOB) Management: High-performance 

GPU clusters require a separate, dedicated network for 

monitoring and configuration that is independent of the 

primary data path. Copper is the global standard for this 

management plane due to its lower cost and historical 

reliability.


Power over Ethernet (PoE): AI data centers require 

thousands of smart sensors, IP security cameras, and Wi-

Fi 7 access points. Since fiber cannot carry electricity, 

copper is the only medium capable of delivering 10Gbps 

data and up to 100W of power (4PPoE) over a single 

cable.

In an environment where rack power exceeds 120kW, 

electromagnetic interference (EMI) is at an all-time high. 

Thousands of high-wattage power supplies and fans 

generate electrical noise that can corrupt management 

signals. HFCL's S/FTP (Shielded/Foiled Twisted Pair) 

architecture is engineered for these high-noise 

environments:


Individual Pair Shielding: Each copper pair is wrapped 

in foil to prevent Alien Crosstalk from adjacent cables in 

dense trays.


 Overall Braid Screen: An outer braided shield protects 

the cable from external EMI and Radio Frequency 

Interference (RFI).


Thermal Stability: Shielding acts as a heat sink, 

dissipating thermal energy in dense bundles where PoE 

heat build-up can otherwise degrade performance.
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Operational Strategy 
Accelerating Time-to-
Compute

In the 2026 AI landscape, the most expensive asset in a data 

center is no longer just power or cooling it is time. AI models 

evolve in weeks rather than years. A delay in bringing a GPU 

cluster online can result in millions of dollars in lost 

competitive advantage. The Uptime Institute's 2024 Data 

Center Capacity Trends shows the race to capacity has 

made deployment speed a primary KPI for 82% of 

hyperscale operators. Traditional fiber installation methods 

relying heavily on manual labor and on-site termination are 

no longer compatible with these aggressive timelines.

7.1. The Fast-Track Mandate

In the 2026 AI landscape, the most expensive asset in a data 

center is no longer just power or cooling it is time. AI models 

evolve in weeks rather than years. A delay in bringing a GPU 

cluster online can result in millions of dollars in lost competitive 

advantage. The Uptime Institute's 2024 Data Center Capacity 

Trends shows the race to capacity has made deployment 

speed a primary KPI for 82% of hyperscale operators. 

Traditional fiber installation methods relying heavily on manual 

labor and on-site termination are no longer compatible with 

these aggressive timelines.

7.2. The Speed Advantage

HFCL's operational strategy is built on the transition from 

Constructed Networking to Manufactured Networking.


The Splicing Bottleneck: A traditional high-density 

rack requiring 288 fiber terminations would typically 

take a team of two expert splicers roughly 8 to 10 hours 

to complete, including preparation, splicing, and basic 

testing.


The Pre-Terminated Revolution: Using HFCL's MPO/

MTP Trunk Assemblies and HD Cassettes, that same 

288-fiber connection reduces to a "Plug-and-Play" 

operation.


Time Savings: Total installation time drops to 

approximately 1.5 to 2 hours.


Labor Reduction: This represents a 75% to 80% 

reduction in on-site labor time. The BICSI (Building 

Industry Consulting Service International) 2024 Labor 

Analysis indicates pre-terminated solutions reduce 

field-termination errors by over 90%, further 

accelerating project sign-off.
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7.3. Eliminating the Troubleshooting Tax

A significant portion of project delays stems from 

troubleshooting. When fibers are terminated in the field, the risk 

of contamination, poor polishes, or incorrect polarity is high.


Controlled Environment Manufacturing: Every HFCL 

assembly is manufactured in a Class 10,000 cleanroom in 

Chennai.


Rigorous Testing: Each cable undergoes end-face 

geometry testing and interferometry to ensure it meets 

TIA/EIA standards before it leaves the factory.


Certified Reliability: Because every component arrives 

with a factory test report, the commissioning phase of a 

data center build is simplified. Field testing, which typically 

accounts for 20% of troubleshooting time in manual builds, 

is virtually eliminated.

7.4. Simplifying Moves, Adds, 
and Changes (MACs)

Data centers are living environments. An AI cluster that is 

optimal today may need reconfiguration in 18 months.


Modular Swaps: With HFCL's modular chassis, 

upgrading a row from 100G to 400G doesn't require 

pulling new cables.


Zero-Risk Upgrades: Technicians simply swap the 

front-end HD Cassettes, a process taking minutes and 

carrying zero risk to the permanent backbone 

infrastructure.


Inventory Efficiency: By standardizing on a few lengths 

of pre-terminated trunks and universal cassettes, data 

center managers can reduce their emergency spare 

inventory  freeing up capital for other operational needs.
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Sustainability & PUE—The Green 
Data Center Mandate

8.1. The Energy Intensity of the AI-First World

The environmental impact of the digital economy is coming under intense scrutiny.


Global Electricity Usage: Data centers currently account for approximately 1-1.2% of global electricity use.


AI Power Surge: Driven by GenAI, critical power demand is expected to nearly double between 2023 and 2026, reaching 

96 gigawatts (GW) globally. This figure aligns with the International Energy Agency (IEA) 2024 Electricity Report, which 

forecasts data center consumption could exceed 1,000 TWh by 2026.


PUE Benchmarking: While the industry average Power Usage Effectiveness (PUE) sits at roughly 1.56, leading 

hyperscalers are pushing toward 1.09.

8.1. The Energy Intensity of the AI-First World 8.2. Airflow Optimization: The 
Hidden Power Saver

The environmental impact of the digital economy is coming 

under intense scrutiny.



Global Electricity Usage: Data centers currently account 

for approximately 1-1.2% of global electricity use.


AI Power Surge: Driven by GenAI, critical power demand 

is expected to nearly double between 2023 and 2026, 

reaching 96 gigawatts (GW) globally. This figure aligns 

with the International Energy Agency (IEA) 2024 

Electricity Report, which forecasts data center 

consumption could exceed 1,000 TWh by 2026.


PUE Benchmarking: While the industry average Power 

Usage Effectiveness (PUE) sits at roughly 1.56, leading 

hyperscalers are pushing toward 1.09.

One of the most effective ways to lower PUE is through 

advanced air management.


Reducing Obstruction: HFCL's ultra-slim fiber trunks 

and high-density cabinets reduce physical obstruction 

by up to 50% compared to traditional cabling.


Eliminating Hotspots: Neatly organized structured 

cabling prevents recirculation, where hot exhaust air is 

sucked back into the server intake.


 Fan Power Reduction: This allows cooling systems to 

run at variable speeds (VFDs), reducing fan power 

consumption by as much as 20-30%. Uptime Institute 

Research indicates improving airflow through cable 

management can improve overall cooling efficiency by 

up to 15%.
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8.3. LSZH: Safety for People and the Planet

Sustainability also encompasses human and environmental 

safety. HFCL's commitment to Low Smoke Zero Halogen 

(LSZH) materials is a cornerstone of its Green portfolio.


Reduced Toxicity: Traditional PVC cables release highly 

toxic hydrogen chloride gas when burned, reaching 

concentrations exceeding 3,000 ppm. LSZH cables emit 

negligible amounts of toxic gases (CO ≤ 50 ppm), making 

them mandatory in confined data center spaces.


Protecting Assets: Hydrogen chloride turns into 

corrosive hydrochloric acid upon contact with moisture. In 

a fire, traditional cables can corrode hundreds of 

thousands of dollars worth of GPU hardware in just few 

minutes.

8.4. Circular Economy and E-Waste 
Reduction

The electronics industry generates over 61.9 million metric 

tonnes of e-waste annually, as reported in the United Nations 

Institute for Training and Research (UNITAR) Global E-waste 

Monitor 2024. HFCL addresses this through Circular Building 

principles:


Modular Longevity: By using modular HD Cassettes, 

operators can upgrade network speed without ripping out 

and disposing of heavy backbone trunk cables.


Material Efficiency: HFCL's innovative cable designs, 

such as the 144-1728F Compact OFC, have eliminated 

inner tubes and jackets, resulting in a 43% reduction in 

cable weight and a 21% reduction in diameter.


Carbon Footprint: This directly translates to lower 

material consumption and a reduced embodied carbon 

footprint for the facility. Copper, utilized in HFCL's 

management fabrics, is fully recyclable without losing 

conductive properties.
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Future-Proofing—The 
Roadmap to 1.6T and Beyond

224G SerDes: 1.6T Ethernet depends on robust 200G-

per-lane (224G CEI) electrical interfaces. This doubling of 

the bit rate inherently doubles the spectral content, making 

high-precision MPO connectors with ultra-low insertion 

loss (0.10 dB) a mandatory requirement rather than a 

luxury.

9.2. Co-Packaged Optics (CPO) and the 
Post-Pluggable Future

By 2027, traditional pluggable optics will begin to hit a 

power wall. As a result, the industry is preparing for Co-

Packaged Optics (CPO), where the optical engine is 

integrated directly within the same package as the switch 

ASIC or GPU.


Market Growth: The CPO market is projected to 

grow from $123.86 million in 2026 to over $1 billion by 

2034, expanding at a CAGR of 30.6%.[Source: 

Precedence Research, Co-Packaged Optics Market 

Report 2025-2034].


NVIDIA's Strategic Shift: NVIDIA has already 

signaled a move toward CPO for its Spectrum-X and 

Quantum-X switching families, promising a 3.5x 

reduction in power relative to conventional pluggable 

optics.

9.1. The 1.6T Era (2026–2027)

As we move into the second half of 2026, the industry 

transition from 800G to 1.6 Terabit per second (1.6T) 

Ethernet is no longer theoretical. The Ethernet Alliance 

2026 Roadmap indicates 1.6T interfaces are essential to 

meet the insatiable appetite of AI factories, with the IEEE 

802.3dj standard (defining 200G/lane signaling) on track 

for completion in late 2026. The move to 1.6T introduces 

stricter thermal and signal requirements:


The OSFP-XD Standard: To handle the power 

dissipation of 1.6T modules which can reach 25W to 

30W, the industry is gravitating toward the OSFP-XD 

(Extra Density) form factor. This design offers optimized 

airflow and connector density compared to traditional 

QSFP-DD.

HFCL's infrastructure is engineered to survive these 

hardware cycles. By standardizing on Base-16 and 

Base-32 MPO solutions, operators can support the 

transition to 1.6T and even 3.2T (expected by 2028–

2029) without replacing their backbone cabling. This Pre-

Planned approach ensures that today's capital 

expenditure remains an asset for the next decade of AI 

evolution.

9.3. HFCL's Future-Ready Fiber Fabric

16



Conclusion & Strategic

Roadmap

10.1. Summary of Findings

The physical layer has officially moved from a "passive utility" to a "strategic asset". In the 2026 AI data center:


Density is Non-Negotiable: With AI racks targeting 600 kW by 2027, high-density structured cabling is essential for 

thermal survival.


Speed is the Metric: Moving from on-site splicing to HFCL's pre-terminated MPO trunks delivers a 75% to 80% speed 

advantage(industry general), crucial for the Time-to-Compute race.


Sustainability is Required: Lowering PUE toward 1.09 requires the airflow transparency and halogen-free safety 

provided by modern cabling ecosystems.

10.2. HFCL's 2026 Commitment

HFCL's strategic growth plan positions us to meet this global demand:


Massive Capacity: Ramping up manufacturing from 1.73M to 19.01M fiber km per year by June 2026.


Technological Leadership: Investing in Base-16/Base-32 and 1.6T-ready connectivity to support the 200G/lane era.


Local Manufacturing: Leveraging our Chennai facility to provide quality-assured solutions for the Indian data center 

market, where capacity is expected to reach 10 GW by 2030.


 Infrastructure built today must survive the hardware cycles of tomorrow. HFCL invites data center architects and CXOs to 

move beyond point-to-point thinking and engineer a modular, scalable, and sustainable fabric that provides the strength for 

AI workloads to grow.
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