The Anatomy of a
Modern Data Center

A Blueprint for the Critical Evolutions
In Design & Construction, 2020-2025

POWER:
From Power-Aware
to Power-Obsessed

STRUCTURE:
From Heavy-Duty
to Hyper-Dense

SPEED:
From Fast-Track
to Hyperspeed

SUSTAINABILITY:
From Aspiration
to Mandate
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The Quest for Power Defines the Modern Site

By 2024, access to massive, reliable power became the primary criterion for site selection, dwarfing
other factors. The industry’s scale of ambition has outpaced grid capacity in established hubs.
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LI\ The New #1 Criterion Risk Tolerance Rises
Q Power availability is the top deal-breaker. Developers now seek With a shortage of 'perfect’ sites, tolerance for moderate
sites with fast grid interconnection, often co-locating adjacent to environmental risk (hurricanes, floods) has increased,

power plants (including nuclear) to secure direct access. offset by hardened construction (e.g., hurricane-rated

shells) and IT geo-redundancy.
The Fiber Prerequisite
Robust, diverse fiber connectivity remains the non-negotiable

second factor. A site without it is non-viable, leading to clustering
in hubs like Northern Virginia, Silicon Valley, and Dallas.
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On-Site Generation Becomes a Primary Strategy, Not Just a Backup

Faced with long grid lead times and capacity shortfalls, operators are increasingly engineering on-site
power generation as a core part of their energy strategy to ensure resilience and speed-to-market.

| Adoption Rates (2024) ——
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on-site generation. C
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1 9 % @ /\ centers built by 2030 are

have already begun Projected Self—generated projected to use on-site

! : power as a primary source.
T nentrYon data center power by 2030.
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The Ratlonale In Northern Virginia, the world's largest data
m} While utility power remains preferable for cost and center hub. facilities consumed an estimated
reliability, solutions like gas turbines and fuel cell 0 5 T
47 T cells are being deployed to mitigate grid delays and .254 of .a" electricity in th_e Stat? by 2023,
[ ] ensure operational certainty for Al-driven demand. illustrating the scale of grid strain.
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The Skeleton: Engineering for the Unprecedented Weight of Al

The shift from traditional servers to dense Al and GPU racks has forced a fundamental redesign of the

data center's structural capacity, from the floor slab up to the ceiling.

2020 Standard

< 1,500 Ibs |

Floor Load: 250 PSF

Floors Get Stronger

Live load specifications have
increased from 250-300 psf to
350-400 psf to safely support Al
racks exceeding 4,000 Ibs. This
requires thicker slabs and
stronger framing.

Ceilings Get Taller

Floor-to-floor heights are
increasing from ~24 ft to 30 ftin
new designs to accommodate
taller racks (up to 58U), overhead
cooling, and extensive cabling,
future-proofing the space.

2025 Al-Ready
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Spans Get Wider

Designs now utilize long-span
precast concrete or steel to
achieve 40-60 ft clear spans,
minimizing interior columns that
obstruct rack layouts and

airflow.

Floor Load: 400 PSF

Single-Story Preference

The extreme weight of Al
hardware is driving a preference
for single-story designs to avoid
the significant cost and
complexity of reinforcing upper
floors.
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The Foundation: The Raised Floor Cedes Ground to Slab-on-Grade

The long-standing dominance of the raised floor is being challenged by the weight of Al hardware. While still
used for air cooling and cable management, many high-density facilities now build directly on structural slabs.

Traditional Air-Cooled Modern Al-Ready
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Handles up to ~10 kW/rack Supports >30 kW/rack & 4,000+ Ib loads
The Raised Floor’'s Role The Slab-on-Grade Shift Hyperscaler vs. Colocation
Traditionally 24"-36" high for airflow, some Accelerated in 2023-2025. Standard raised floor Hyperscalers like Meta have largely moved to slab
high-density sites pushed this to 42", Still valuable systems struggle with >3,000 Ib rack loads, making designs with overhead cooling. Colocation
for air-cooled environments and routing liquid reinforced concrete slabs the preferred, cost- providers often retain raised floors to offer flexibility
cooling pipes below to mitigate leak risk. effective solution for ultra-dense deployments. for diverse tenants with varying densities.
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The Lungs: Airflow Containment is Now Standard Practice

To efficiently cool increasingly dense IT loads, nearly all modern data centers have adopted aisle
containment, a simple but powerful strategy that prevents hot and cold air from mixing.
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How it Works

Racks are arranged in a hot aisle/cold aisle
layout. Containment uses physical barriers
(doors, panels) to fully enclose either the
cold supply aisle or the hot exhaust aisle.

2 : 1
The Efficiency Gain |
Enables 20-30% energy savings in

coeling by allowing higher supply air
temperatures and eliminating hotspots. |
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HAC vs. CAC

Hot Aisle Containment (HAC) is often
preferred in new bullds as it keeps the
overall room cool and works well with
slab floors.

807%

of data centers had
implemented hot or cold

aisle containment by
the mid-2020s.

Standard Dimensions

The TIA-942 standard of a 1.2 m (4 ft)
wide cold aisle is now widely adopted to
ensure adequate airflow and working
space.
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The Support Systems: Engineered for Resilience, Safety, and Speed

The design of critical support spaces—from electrical rooms to generator yards—has evolved to
prioritize concurrent maintainability, stringent safety protocols, and rapid, modular deployment.

e ol
™ |

| 7
E

iil
[]

IT"‘— PREFAE MODULE

Power

Prefabricated power modules (UPS, switchgear)
are built and tested off-site, cutting deployment
time by up to 30%.

Electrical & Mechanical

Tier lll designs require physically separate "A" and
“B” electrical rooms. Mechanical rooms are built
with overhead cranes or knockout walls for
replacing heavy equipment like chillers.
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Batteries
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Shift to Lithium-ion batteries requires new safety
standards (NFPA 855), mandating explosion
prevention and high-capacity exhaust systems.

Generators & Noise

Outdoor generator yards must now contend
with strict local noise ordinances, requiring
measures like sound-attenuating enclosures
and 300-foot setbacks from residential

Connectivity

The Meet-Me Room (MMR) serves as the secure,
redundant nerve center, with diverse fiber entry

points from multiple carriers.

DIVERSE FIBER ENTRY
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properties in some jurisdictions.
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The Immune System: Designing for Uptime with Tier Standards

Uptime Institute’s Tier standards provide the framework for reliability, driving architectural
decisions like system redundancy, compartmentalization, and structural hardening to ensure the
facility can withstand both planned maintenance and unplanned failures.

Feature Tier lll: Concurrent Maintainability  Tier IV: Fault Tolerance

Any component or path can be taken
Philosophy down for planned maintenance without
impacting IT load.

Any single unplanned failure or operational
error will not impact the IT load.

N+1 redundancy on components, with 2N (or greater) fully redundant and isolated

Typical Topology A/B distribution paths. systems.
— : Physically compartmentalized A/B rooms,
Building Impact Separate A/B electrical rooms. often separated by fire-rated walls.
4 Beyond Component Count 4 Risk Category IV
Tier classification is about topology, not just counting For ultimate resilience, many mission-critical data
“‘N+1" units. It's about eliminating single points of failure centers are voluntarily designed as “Risk Category IV"
In the entire power and cooling chain. essential facilities, engineering them to withstand

higher seismic and wind loads, similar to hospitals.
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The Public Interface: Noise and Emissions are Now Key Design Constraints

As data centers proliferate near communities, local regulations on noise and emissions are becoming increasingly
stringent, forcing operators to integrate acoustic and environmental mitigation directly into the building’s design.

Data Center
Building

Generator
Yard
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1‘ Residential

Area

A 2023 Fairfax County, VA ordinance requires backup
generators to be located 300 feet from residential property
lines or be shielded by the main building to mitigate noise.

Acoustic Engineering

Designs now commonly include hospital-grade mufflers,
sound-attenuating enclosures, perimeter noise walls, and
acoustic louvers to meet property line limits (often ~55 dBA
at night).

Emissions Scrutiny

Generator emissions are under review, driving adoption of
EPA Tier 4 engines, ultra-low sulfur diesel, and exploration of
renewable diesel to reduce NOx and particulate matter.

Vibration Control

All rotating equipment is mounted on vibration isolators
(springs, inertia pads) to prevent vibrations from affecting
sensitive IT gear and transmitting structure-borne noise.
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The Hyperspeed Build: Navigating Unprecedented Construction Challenges

From 2020-2025, the data center construction industry faced a perfect storm of soaring demand, supply chain
disruption, and cost inflation, accelerating the adoption of modular construction and fast-track delivery methods.

Supply Chain
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Generator lead times:
20 = 50+ weeks

O Challenges Emerge
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Inflation

15% avg. increase
in 2022
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The Supply Chain Crisis

Lead times for critical components
like switchgear and transformers
doubled, forcing contractors to
pre-order equipment months or
even a year in advance.

Cost Escalation

The average cost per megawatt
rose from ~$9-10M in 2019 to
~$12-13M by 2023, driven by
material and labor costs.

The Modular Solution

Prefabrication of power and cooling
modules became mainstream.
Assembling systems in a factory
improves quality control and can cut
project delivery time by 20-30%.

Labor Crunch

Acute shortages of skilled labor in
major hubs further drove the shift to
off-site fabrication to reduce on-site
workforce requirements.
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The Sustainability Mandate: Beyond PUE to Water, Carbon, and Circularity

Driven by corporate ESG goals and public scrutiny, sustainability has evolved from an operational metric (PUE) into a
core design principle encompassing water conservation, embodied carbon in materials, and green building certifications.

WUE: New designs
/\ target 0 L/kWh with
\_,9 water-free cooling.

O
188%
N Growth in LEED
@,éj_l registrations for data
] centers from 2021-
VY] @ 2024, signaling a surge
PUE: Best-in-class new Embodied Carbon: in green building
builds achieve <1.2 Low-carbon concrete and commitment.
~——

(_ recycled steel reduce
construction footprint.

Holistic Sustainability

Water Usage Effectiveness (WUE) Embodied Carbon Renewable Energy

With some facilities historically using millions of A new focus area. Strategies include using low- Hyperscalers achieved ~100% renewable
gallons of water per day, many new builds now use carbon concrete mixes (with up to 50% slag/fly energy matching for their portfolios by 2025
zero-water cooling systems (air-cooled chillers) or ash) and tracking the carbon footprint of through large-scale Power Purchase
reclaimed water to achieve positive water impact. materials like steel and generators. Agreements (PPAs).
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The Final Exam: Proving Resilience Through Rigorous Commissioning

Before a single server goes live, the entire facility undergoes a multi-stage commissioning process culminating in
an Integrated Systems Test (IST), where every potential failure is simulated to prove the design’s resilience.

Level 1: Factory Acceptance Testing (FAT) Level 5: The Integrated Systems Test /

h— —

17 The Scenario: The entire facility is run at full simulated load

Level 2: Site Acceptance & Inspection using portable load banks.

e — The Test: Engineers systematically execute failure scenarios

e

— — to validate automated responses.

_LE“EI U AR B 8T Startup_ di% « Black Start: Cutting main utility power to verify a

seamless transfer to UPS and generator power.

o

__ Level 4: Functional Performance Testing >:  N+1 Failure: Forcing a primary chiller or CRAC unit
O i e A% offline to ensure redundant units maintain temperature.

Level 5: ~~ * Burn-In: Running the facility at full load on generator
| G@\D power for an extended period (e.g., 24-72 hours) to
identify any latent defects.

i

Integrated Systems Testing (IST)

Uptime Institute data confirms that comprehensive commissioning is proven to reduce initial failure rates,
ensuring the data center functions exactly as designed from Day One.
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