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The Critical Infrastructure Layer for 5G/6G Al, and
Real-Time Applications

Executive Summary

The convergence of 5G and soon 6G networks, Artificial Intelligence (Al), and latency-
sensitive applications are forcing a fundamental re-architecture of digital infrastructure.
Traditional centralized cloud Data Centers cannot deliver the Single-Digit-Millisecond
(less than 10ms) Latency, Massive Device Scale (means the world is now deploying
tens of billions of connected endpoints that generate and need real-time processing of
data....a volume and velocity that centralized cloud Data Centers can no longer handle
efficiently or economically), or Geographic Sovereignty (refers to the principle that digital
data is subject to the laws and governance of the country or jurisdiction in which it is
physically stored or processed) required by modern workloads.

Edge Data Centers, which are small, distributed, high-performance computing facilities
located within a few miles of end users, are the indispensable layer that bridges Radio
Access Networks (RAN) and Hyperscale Clouds. Without widespread Edge
deployment, the full promise of 5G and 6G (URLLC), autonomous systems, immersive
XR (Extended Reality), and industrial 1oT (Internet of Things) would remain theoretical.

This White Paper examines the technical necessity, economic models, deployment
archetypes, and growth trajectory of Edge Data Centers through 2030.
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1. The Physics and Economics of Latency
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Speed of light in fiber is ~200,000 km/s (124,274 mph)
Every 1,000 km (621 miles) of fiber adds ~10 ms round-trip latency (delay)

5G URLLC (Ultra-Reliable Low-Latency Communication) target: < 4-8 ms end-
to-end (6G aims to push these boundaries further to enable "Zero-Touch"
experiences and hyper-connected ecosystems).

Autonomous vehicle reaction budget: < 10 ms (SAE (Society of Automotive
Engineers) Level 4/5....Levels 0 to 5 exist)

Cloud gaming / XR comfort threshold: < 20 ms motion-to-photon

Conclusion

Any workload requiring < 30 ms response cannot tolerate processing in a traditional
regional cloud Data Center located 500+ km (310+ miles) away. Local computation at

the “Network “Edge is mandatory.

2. Edge Data Center Hierarchy (Current Taxonomy (science of classification))

Far Edge 0-5 km from end users Typical Latency is 1 - 5Sms
Access Edge 5-50km from end users Typical Latency is 4 -12ms
Aggregate Edge  50-300 km from end users Typical Latency is 10 — 30ms
Core Cloud 300 — 3000 km from user Typical Latency 30 — 150+ms

3. Economic Model & Investment Thesis

Edge Data Centers exhibit radically different economics from traditional Hyperscale
facilities:

Hyperscale Advantages (Lowest Cost per Watt/Byte)

>

Buy power in hundreds of MW...... get renewable PPAs (Power Purchase
Agreements) at $25-$40/MWh

Standardize everything..... PUE (Power Usage Efficiency) as low as 1.08-1.15
Negotiate Tax Abatements worth hundreds of millions

Fill rate is critical; empty space kills the model
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> Revenue per MW: ~$4—-8M/year (wholesale) or much higher if they run their own
cloud on it

Edge Advantages (Higher Margin per MW)

> Customers pay 3—10x more per kW because of <5 ms latency, sovereignty, or
private 5G/MEC (Multi-Access Edge Computing)

> Real estate is expensive but tiny footprint (often retrofitted buildings or rooftops)
> Faster deployment...... earlier cash flow
> Multiple revenue streams possible on same site:

v" Colocation

v Private 5G core / URLLC slicing (telcos pay premium)

v" CDN (Content Delivery Network) cache nodes (Netflix’/Akamai pay for
Edge Nodes)

v" GPU (Graphics Processing Unit) inference for AR/VR/gaming
> Typical gross margins: 30—60% (vs. 10—-25% for hyperscale wholesale)

Conclusion
Hyperscale is the “Walmart” model: win by being the cheapest at Planet-Scale.
Edge is the “convenience store” or “specialty boutique” model: smaller, more
expensive, but located exactly where the customer needs ultra-low latency or
regulatory compliance right now.

Both are highly profitable.....just in completely different ways. As URLLC, AR/VR,
autonomous systems, and private 5G/6G grow, Edge’s higher price per MW
becomes increasingly justified.

4. Power Constraints & Challenges for Edge Data Centers (2025-2026 Reality)

Edge Data Centers sound small and simple, but power is their #1 operational and
economic bottleneck. Unlike Hyperscalers who pick green-field sites with 500 MW of
power waiting, Edge sites are forced into existing cities and suburbs where power is
scarce, expensive, and politically constrained.

Edge locations are almost universally power-constrained rather than space-constrained.
v Average new substation lead time: 3—7 years

v Typical Edge site power budget: 100 kW — 5 MW
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v Liquid cooling adoption at edge: >70% of new 2026+ deployments

v Emerging solutions: microgrids, fuel cells, behind-the-meter renewables, 48V DC
plants

Power scarcity is the single biggest reason the Edge Data Center market is growing
slower than the hype predicted in 2020-2022, and why companies that already own
powered real estate (Telcos (Telecom Companies), Tower Companies, existing
Colocation (Colos) Providers have a massive moat right now.

6. US Edge Data Centers Market Size and Growth Forecast for 2026

The US is the dominant market for Edge Data Centers globally, accounting for
approximately 40-46% of the worldwide market share due to high adoption of 5G, IoT,
Al-driven applications, and private networks in sectors like telecom, manufacturing,
healthcare, and autonomous systems. Edge Data Centers (small-scale facilities at the
network periphery) are distinct from broader Edge computing (which includes software
and hardware ecosystems), so this analysis focuses on infrastructure-specific metrics
like revenue from facilities, colocation, and related services.

The US Edge Data Centers Market is forecasted to reach USD 18-19 billion in 2026,
growing ~25% from 2025's USD 15 billion baseline, per aggregated analyst data. This
positions the US as the Global Leader, with growth accelerating through 2030 amid Al
and 5G synergies.

Conclusion & Strategic Imperatives

Edge Data Centers are no longer optional infrastructure.....they are the enabling
substrate for the Real-Time economy. Organizations that treat Edge as an afterthought
will find themselves architecturally unable to participate in the largest growth categories

of this decade and beyond, autonomous mobility, immersive metaverse experiences,
and closed-loop industrial automation.

The 5G/6G Al era will not be powered by a handful of mega-campuses in Northern
Virginia, Oregon or Texas. It will be powered by tens of thousands of intelligently
distributed Edge Data Centers operating as a Single Logical Fabric.

The race is on. The winners will be those who move first, move collaboratively, and
move with an acute understanding that in the world of Single-Digit-Millisecond
applications controlling LATENCY.

Ted J. Pappas, Director of Operations 2 December 2025




