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Abstract
Bridging the gap between AI-driven data center 
demand and traditional construction timelines

The rapid rise of AI is driving data center demand far beyond 
what traditional construction timelines can support. Prefabricated 
modular power, cooling and IT systems change how data center 
capacity is delivered by moving complex electrical, mechanical, 
and cabling work into the factory. Instead of assembling systems 
piece by piece on site, power, cooling, IT infrastructure, and 
controls are can be integrated into complete modules that arrive 
tested and ready to install. This factory-ǜrst approach reduces 
onsite work, simpliǜes installation, and allows site work and module 
production to move forward at the same time.

This eBook outlines how prefabricated, factory‑integrated modular 
power, cooling and IT systems accelerate time to compute, reduce 
onsite complexity, and deliver more predictable performance 
outcomes through standardized, repeatable processes. It also 
highlights how prefabricated modular approaches strengthen 
supply chain resilience, improve worker safety, and enable 
scalable, phased growth. Finally, it introduces the ǜve-stage 
modular lifecycle: pre‑design, design, build, test, and deploy. This 
provides a consistent, eǞcient framework for deploying capacity 
at the speed required in the AI era.

3 PMDC SOLUTIONS

Prefabricated modular data center solutions 
are factory‑built, pre‑engineered power, 
cooling, and IT turnkey units enabling scalable, 
predictable, and eǞcient capacity expansion.
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Key beneǜts of a modular approach

•	 Modular delivery enables parallel factory and site work, 
signiǜcantly accelerating deployment timelines and allowing 
capacity to come online faster. 

•	 Prefabrication solves the mismatch between long data 
center construction timelines and the increasing demand for 
faster time to revenue. 

•	 Factory integration minimizes onsite variability for repeatable 
and consistent performance across deployments.

•	 Standardized modular designs enable procurement teams to 
secure electrical and mechanical equipment with long lead 
times early in the build cycle, lessening the risk of materials 
scarcity and keeping construction timelines on track. 

•	 Worker safety improves when critical work moves from open 
construction sites to controlled factories.

•	 Lifecycle discipline aligns engineering intent, integration, 
and commissioning, delivering consistent, scalable outcomes.
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The shiφing compute landscape 
demands a fresh approach 

The rise of AI is driving exponential data center 
demand, with AI token* generation projected to 
reach 80 quadrillion (1,000 trillion) in 2030.1 At the 
same time, power availability, land constraints, 
and labor capacity are tightening across major 
markets, making delivery eǞciency a critical factor 
in meeting AI‑driven timelines. In this environment, 
the limiting factor is no longer demand, but 
the ability to deploy reliable, production‑ready 
capacity at the pace required.

Prefabricated modular solutions 
move integration into the 
manufacturing facility, enabling 
repeatable, integrated equipment 
systems and controls to land faster 
with fewer onsite variables.
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*An AI token represents a discrete unit of text, image, or audio input that an AI model consumes and produces during training, inference, or reasoning.
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Traditional vs. modular construction 
A quick comparison of schedule, onsite labor, 
certiǜcation paths, and safety.

1.	 Schedule (time to compute)

Traditional build: Typical end-to-end delivery of 
approximately 24 to 36 months due to sequential 
civil, MEP, ǜt out, and site-based integration. Grid 
connection delays can extend timelines further. 

Modular build: Through factory integration, 
standardization, and parallel construction 
workǝows, PMDC solutions can compress project 
schedules by 30 percent or more while signiǜcantly 
reducing onsite labor constraints for low- and 
medium‑voltage power distribution. 

2.	 Onsite labor and complexity

Traditional build: High onsite trade stacking (electrical, 
mechanical, and controls) requirements with 
extensive cable terminations and system integration 
performed in live construction environments 
introduce risk of injury, delays, and rework.

Modular build: PMDC solutions are prewired and 
pretested in the factory, cutting onsite testing and 
cabling by up to 70 percent and reducing changes in 
the ǜeld. Installation focuses on placement and tie-ins 
rather than assembly.

3.	 Supply chain

Traditional build: Relies heavily on site-speciǜc 
designs and locally sourced execution, oφen resulting 
in ƣsnowǝakeƣ projects with unique conǜgurations. 
This variability complicates procurement and delays 
delivery of equipment with long lead times, making 
schedules and outcomes harder to predict.

Modular build: Repeatable designs and predeǜned 
parameters enable earlier procurement of critical 
electrical and mechanical components, improve 
supplier alignment, and support more predictable 
delivery. Modular approaches drive consistent 
outcomes by limiting site‑specific variability 
across deployments.

4.	 Safety (construction and energization)

Traditional build: With many tradespeople on 
the jobsite, there is greater exposure during live 
energizations and ǜt out. Arc ǝash mitigation and 
selectivity are oφen not proven until late in the 
schedule.

Modular build: Safety improves as complex 
integration moves to the factory. Modular solutions 
arrive with validated protection and interlocks. 
Electrical design follows applicable standards and 
manufacturer guidance on selectivity and arc ǝash 
reduction. Integrated systems testing (IST) under 
simulated failures is completed before occupancy.
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Modularity enables scale
Prefabricated modular power solutions consolidate critical electrical infrastructure into a single, pre-
engineered unit where protection settings, interlocks, and monitoring are validated before shipment. 
Prefabricated IT solutions similarly arrive with racks, containment, and cabling layouts preconǜgured, 
so white space buildout is faster and more consistent. Prefabricated cooling systems follow the same 
model, combining air or liquid cooling equipment into integrated units with operating sequences 
and safety controls already proven in controlled conditions. Because most integration happens oǛ 
site, onsite commissioning focuses on system tie‑ins and failure simulation rather than late assembly, 
resulting in shorter schedules and more stable outcomes.

Power
Among modular elements, medium voltage (MV) substation E‑houses and low voltage (LV) power pods 
and skids deliver the greatest gains in schedule compression and risk reduction. By pre‑engineering 
and prewiring MV and LV assemblies in the factory, a substantial portion of onsite electrical work, 
oφen a primary source of delays, is eliminated. Equipment integration, factory testing and validation, 
commissioning, and documentation are completed before delivery, shiφing onsite activity from 
labor-intensive assembly and troubleshooting to placement, ǜnal connections, and energization.

Across large‑scale deployments, standardized MV substations, LV electrical rooms, and downstream 
busway architectures consistently reduce onsite testing and cabling eǛort and enable repeatable 
outcomes across phases. The result is a predictable, scalable electrical deployment model that 
supports aggressive capacity expansion with lower execution risk.
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Modular integrated power solution diagram for illustrative purposes only.
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IT
Modular IT solutions bring repeatability to the data center white space while 
supporting the higher thermal demands of AI workloads. Racks, containment, 
cabling, and rack‑level cooling interfaces are laid out using consistent zoning and 
separation principles, with preterminated harnesses and clearly deǜned pathways. 
This reduces onsite rework and helps to ensure that power, network, and cooling 
connections behave consistently across deployments.

To enable higher rack densities, modular IT solutions support hybrid cooling 
architectures, combining air cooling with liquid‑assisted technologies such as 
direct‑to‑chip cooling. Core cooling parameters are validated upstream, while 
allowing controlled, site-speciǜc tuning as needed. When aligned with power 
and cooling design intent, IST conǜrms thermal performance and maintainability 
early, enabling predictable commissioning and lower‑risk upgrades as density 
requirements evolve.

 
KEY TAKEAWAYS

•	 Multi‑megawatt phases are typically 
delivered 30 percent faster, accelerating 
time to market.

•	 Prewired, pretested modules reduce ǜeld 
terminations, hot work, and installation time.

•	 Structured factory acceptance testing (FAT)  
and IST catch issues earlier and reduce 
certiǜcation eǛort.

•	 Hybrid air and liquid‑assisted cooling 
support higher AI densities with minimal site 
dependency.
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Cooling
Cooling performance in modular deployments is achieved through a hybrid 
approach that balances factory-set parameters with controlled, site-speciǜc 
optimization. Core operating limits such as fan curves, pump speeds, and 
safety thresholds tied to equipment ratings are conǜgured and validated in the 
factory. This ensures that each module arrives with stable baseline behavior and 
consistent control logic, reducing the amount of troubleshooting traditionally 
required during commissioning.

At the same time, cooling systems must adapt to local climate conditions and 
operational needs. The design enables automated or manual ǜne-tuning on site  
to account for variables such as humidity proǜles, seasonal temperature swings, 
or altitude. For example, in direct evaporative systems, the proportion of dry 
versus wet operating modes may be adjusted based on local ambient conditions 
to optimize energy use and maintain thermal stability.

This controlled ǝexibility mirrors practices already proven in other ƣsmart 
connected” HVAC and cooling‑tower applications, where real‑time optimization 
improves eǞciency and maintains availability. 

 

Liquid cooling shiφs thermal 
management from a site‑ 
engineered constraint to a 
modular, scalable capability 
aligned with AI workloads.


