The Blueprint to the Digital Twin
Engineering High-Performance Data Center Cooling Systems
Through Advanced BIM Workflows
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Reactive Drafting vs. Proactive Engineering

Traditional Workflow (Without BIM)

Pipes routed reactively around
completed architectural constraints.

A\ Multiple field reroutes
required.

Pipe lengths grew by
nearly 12%. M

Labor Impact:

Extensive manual rework
on site.

Real-World Proof: In a Tier Il Data Center deployment, federated BIM directly translated to faster installation, lowered labor costs, and superior hydraulic performance.

Federated BIM Coordination

Multidisciplinary collaboration
before construction begins.

Result:

Over 300 design clashes
resolved digitally.

o

Labor Impact:

Structural framing and pipe
supports perfectly coordinated.

Off-site prefabrication of large
piping sections enabled.
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The Three Dimensions of System Optimization

]

Dimension 1:
Geometry (Space)

Finding the smartest route for
flow. Minimizing total pipe
length, reducing bends, and
preserving clearances.
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Dimension 2:
Physics (Pressure)

Engineering beyond geometry.
Balancing flow, minimizing
hydraulic resistance, and
optimizing pump head.

Dimension 3:
Time (Lifecycle)

Maintenance accessibility for
the next 25 years. Creating
service envelopes and future
replacement spaces.
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Dimension 1: Routing Efficiency and Spatial Precision

Pipe Slope Key Achievements:

Maintained

No Clash Zone v/ Maintained proper pipe slopes

Vi Zero structural beam clashes

Vi
M

Bg V| Zero electrical cable tray conflicts
v

Maximized prefabrication blocks

Mechanical engineers evaluate
multiple routing options in a
federated model simultaneously,

No Clash Zone finalizing a hydraulically efficient

Clearance: >300mm

network before a single pipe is cut.




Premium Engineering Whitepaper

The Hidden Cost of the Elbow Penalty

Traditional, poorly coordinated routing relies on
extra elbows to navigate unexpected field
constraints. BIM eliminates these constraints
digitally, optimizing the flow path.

2. Hydraulic Friction 3. Pressure Loss

Unnecessary elbow installed to Increased hydraulic resistance at Every additional meter of effective
avoid a structural clash. the unoptimized bend. pipe length increases pressure loss.
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(I‘ncreased Pump Load & Energy Demand

4, Energy Waste

S

Pump energy demand permanently
increases for the lifespan of the facility.




Premium Engineering Whitepaper

Dimension 2: Pressure-Loss Analysis

The goal is not just fitting pipes into a room,; it is carefully managing the physical flow of water through the cooling network.

I Undersized pipe diameters 9; _
Unchecked resistance leads to

difficult flow balancing, reduced

I Excessive ﬁttings and tees Jf CRAH performance due to
differential pressure drop, and
I Valves, strainers, and heat exchangers JJ: extreme pumping requirements.
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Intelligent Pump Optimization

* Select optimal /

pipe diameters.

* Balance flow across
all equipment.

* Reduce unnecessary

* Improve operating e
pump head.

efficiency.

A fractional reduction in pumping energy saves millions
of dollars over the lifetime of a hyperscale data center.
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Dimension 3: Designing for a 25-Year Lifespan

Most mechanical systems work perfectly on day one.
BIM ensures they remain maintainable for decades.

Can technicians easily 0 Can strainers be cleaned

replace an isolation without breaking
valve? adjacent piping?

Are maintenance zones
blocked by future
ductwork?

Day 1.
Commissioning

0 |s there enough ceiling 0 Are valve actuators

clearance for an overhead physically accessible?

hoist to remove a failed
pump?

Year 25:
Operations
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The Service Envelope: Automated Maintenance Clash Detection
> "

O Physical Hardware:
The equipment itself.

gL f O Service Envelope: The physical space a
' ' human technician needs to swing a wrench
or extract the motor.

> By defining equipment service envelopes,
. P . pump removal zones, and access pathways in
> the BIM model, we prevent other trades from
. blocking critical future maintenance access.
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The Evolution to the Digital Twin

Digital Twins transform reactive maintenance into predictive operations. Detecting declining system
performance before failure is how facilities achieve the 99.999% uptime standard.

Live Data Layer

BMS integration, loT sensors, live flow
rates, and performance analytics.

Metadata Layer

Embedded tags for Pipe Specifications,
Asset Documentation, and Maintenance
Histories.

Physical Base Layer

Exact spatial geometry, verified
installation routing, and structural reality.
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A Comprehensive Facility Lifecycle Platform
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Prefabrication
Modular installation planning.

Accurate Shop Drawings

Flawless documentation for
field teams.

Automated Clash Detection 4D BIM (Time) 5D BIM (Cost)
Eliminating field conflicts Precision construction Dynamic cost estimation and
digitally. sequencing. quantity takeoffs.
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Laser Scan-to-BIM

Validating as-built conditions
with millimeter precision.
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Orchestrating Mission-Critical Infrastructure

Mechanical BIM
Modeling

Digital Twin MEP
Development > Coordination
/
Roots BIM
L LC

Chilled Water
System Modeling

Constructability
Reviews

Hydraulic
Coordination

Roots BIM LLC unites deep engineering know-how with state-of-the-art BIM technologies. We
empower architects, engineers, contractors, and facility clients to minimize project risks and
deliver flawlessly coordinated, high-performance mechanical systems for multi-coded facilities.
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Engineered for Peak Performance

“Large equipment does not yield cooling efficiency—
it is engineered through high-level coordination.”

By integrating spatial optimization, pressure-loss analysis, and lifecycle accessibility into a single federated workflow,
Roots BIM LLC creates constructible, future-ready cooling infrastructure that keeps data centers operating flawlessly.




