
FROM SUBSTATION
TO RACK.
Why the electrical chain inside the fence now decides AI data centre delivery.

Eight Layers

Each layer between substation and
rack carries a lead time, an interface,
and a commissioning checkpoint.

Integration Risk

Delivery risk has moved from grid
access toward equipment integration
inside the fence.

Density Ready

Topology at commissioning must hold
the next hardware generation, not just
the current one.

P U B L I S H E R

DARKNX LTD
F O C U S

AI Data Centre Power
W E B S I T E

darknx.com

I N D U S T R Y A N A LY S I S
M A Y 2 0 2 6



F R O M  S U B S TA T I O N  TO  R A C K    ·    I N D U S T RY A N A LYS I S    ·    M A Y 2 0 2 6

The Agreement Is Signed. Now What?

Most data centre conversations stop at power access: who can secure a grid connection, in which markets, on what timeline.

The next story is told less often, and it now matters more on a project schedule. What happens to the power after the utility

agreement is in place.

Eight engineering layers sit between a substation and a compute rack. Transformers, medium-voltage switchgear, automatic transfer
systems, UPS, backup generation, busway, power distribution units, and rack-level power delivery. Each one has a lead time, an
interface, and a commissioning checkpoint.

Taken together, they decide whether a signed power agreement turns into operational capacity on time, at the stated reliability, and at

a density the facility can hold as hardware generations move.

M A R K E T  S I G N A L

Primary North American markets hit a record-low vacancy of 1.6 percent in H1 2025, with pricing for 10 MW-plus

deployments rising as much as 19 percent in the tightest markets. Demand is moving faster than supply, and the gating factor
sits in the electrical infrastructure between a substation and a live rack.

2×
Transformer and cable wait times have

doubled in three years

IEA, Energy and AI, 2024

74.3%
Of North American under-construction

capacity preleased, H1 2025

CBRE, H1 2025

20%
Planned data centre projects at risk from

grid constraints

IEA, Energy and AI, 2024
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Eight Layers Between the Utility and the Rack
Grid access and site selection decide where a project can start. They do not decide whether it finishes on time. That

outcome lives inside the electrical chain, in choices about topology, interface design, factory testing, and density planning

that buyers rarely interrogate closely enough.
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The source-to-rack chain: eight sequential engineering layers between the utility boundary and the compute rack. Source: DARKNX analysis of the IEA Energy and AI framework, 2024.

The source-to-rack chain is not one problem. It is eight sequential ones. A project can solve the first seven cleanly and still fail
commissioning if the eighth was not designed to match the others. Operators who run the chain as a single engineering programme,

rather than as a stack of separate procurement decisions, are getting rewarded.

WHAT THE MARKET REWARDS WHY IT MATTERS

Source-to-rack design authority When every layer is built to the same load profile and redundancy target, interface failures at
commissioning become the exception.

Manufacturing control over critical-path
items

The IEA puts transformer and cable lead times at roughly double their 2021 levels. Operators
who build in-house do not wait in that queue.

Factory load testing across interfaces ATS-to-UPS sequencing, UPS ride-through, and busway phase balance are best validated in a
factory, not on a live site under schedule pressure.

Topology built for density growth AI hardware cycles run faster than electrical infrastructure can be replaced. The topology at
commissioning has to support the next generation.

Power access defined the last chapter. The current one is about conversion: turning a signed agreement

into commissioned, density-ready compute without losing the schedule to scope changes and interface

failures.
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Where the Agreement Meets the Engineering

The IEA's 2024 Energy and AI report is direct about the upstream side. Transformer and cable wait times have roughly

doubled over three years, gas turbine lead times are measured in years, and new transmission lines take four to eight years

to build in advanced economies. The downstream side, inside the fence, has its own version of the same problem.

Each layer below is a discrete engineering choice, a procurement event, and a commissioning checkpoint. Delays at any one of them
roll downstream. The failure mode most operators underestimate is not a missing component. It is two correct components that were
never designed to work together.

LAYER ENGINEERING DECISION AND RISK

MV/LV transformers Thermal rating, impedance, and tap configuration sized to the AI load profile. Risk: undersized units fail under
sharp load ramps. Wait times have doubled since 2021.

Medium-voltage switchgear Fault current capability, bus arrangement, and protective relay coordination. Risk: component availability
tightens, and protection settings fall out of step with the utility relay.

Automatic transfer systems Transfer time, paralleling logic, and sequencing with the downstream UPS. Risk: sub-cycle transfer failure at
high-density loads, or conflict with the UPS ride-through window.

UPS and battery systems Ride-through duration, topology, and battery chemistry. Risk: undersized for sustained AI workloads, or never
factory load-tested before delivery.

Backup generation Capacity, paralleling, and harmonic profile. Risk: turbine lead times now measured in years, and harmonic
filtering inadequate for variable-frequency-drive loads.

Busway and distribution Phase balance, tap-off spacing, and capacity headroom for density upgrades. Risk: tap configuration locked to
today's rack layout, with recabling needed for the next generation.

PDUs and rack power Outlet density, metering resolution, and managed switching. Risk: metering granularity insufficient for rack-level
power quality monitoring at AI densities.

W H E R E  T H E  R I S K  N O W  S I T S

Delivery risk has moved from grid access toward equipment integration. A project with a confirmed utility agreement can still
lose months to a transformer spec error, an ATS never sequenced against the UPS before delivery, or a busway layout that
cannot carry the rack density the facility was sized for.
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What Operators Need to See

Individual equipment quality matters, but it is not enough. The most common cause of commissioning overrun in complex

electrical builds is not a component that fails. It is two components that each work in isolation but were never tested against

each other.

FRAGMENTED PATTERN INTEGRATED PATTERN AND IMPLICATION

Equipment sourced from multiple vendors The full chain is engineered to one load profile and one redundancy target. Interface gaps surface in
design, not at energization.

Factory testing performed per package ATS-UPS sequencing and distribution are validated as a system before delivery. Commissioning
confirms behaviour rather than discovering it.

Lead times tracked separately per vendor A single manufacturing programme manages transformer, switchgear, and UPS on one critical path.
Schedule exposure is consolidated.

Monitoring added retrospectively Power quality and load metering are part of the delivery scope. Visibility is in place from first
energization.

Busway sized to current hardware Topology has headroom for the next rack density. Density upgrades do not reopen the electrical
design.

WHAT BUYERS NEED TO ASK

QUESTION WHY IT MATTERS

Were ATS-UPS interfaces factory-validated together? Transfer timing and hold-up window compatibility is the most common hidden fault in multi-
vendor electrical builds.

What is the transformer lead time, and who controls
it?

IEA data shows transformer wait times have doubled since 2021. Operators who build in-
house do not sit in that supply queue.

Can the busway tap configuration carry the next
hardware cycle?

AI rack power density keeps rising. A layout locked to today's hardware may need full
recabling for the next generation.

Is power quality monitored at rack level, not only at
the substation?

Harmonic distortion and voltage sag at AI rack densities are invisible to upstream metering.
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The Rack-Level Problem the Substation Cannot See

Upstream metering records the total load delivered to the utility boundary. It does not capture what happens to that load

inside the electrical chain at AI densities. Three effects matter, and none of them shows up at the substation.

0%

25%

50%

75%

100%

Substation
metering

Transformer Switchgear
/ ATS

UPS bus Busway
/ PDU

Rack level

Visibility at upstream metering Where events actually originate

Where power quality events become visible across the chain. Upstream substation metering captures total load only; the events that shorten equipment life surface at rack level. Source:
DARKNX analysis.

POWER QUALITY EVENT CAUSE AND CONSEQUENCE AT AI RACK DENSITY

Harmonic distortion GPU switching-mode power supplies draw non-linear current and inject harmonics. Result: transformer and
neutral conductor overheating, premature failure, false trips on protective relays.

Voltage sag A rapid load ramp at the start of a large-batch GPU workload pulls voltage down across the bus. Result: compute
node resets, storage faults, reduced UPS ride-through.

Phase imbalance Dense rack layouts with uneven IT load create sustained neutral current and phase asymmetry. Result: reduced
transformer capacity, neutral heating, degraded UPS power factor.

Generator inrush Motor loads and UPS inverters synchronising on generator pick-up create high instantaneous current. Result:
generator voltage collapse on transfer, longer blackout exposure.

The decisions that prevent these events happen before the equipment arrives. Once they surface as

operational issues, they are retrofits, and retrofits cost more than the original design ever would have.
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Infrastructure Architecture, Not Equipment
Procurement

DARKNX treats source-to-rack as an architecture decision rather than a procurement sequence. The choices that

determine whether a power chain holds up at AI rack density are made early, before any equipment is ordered. Changing

those after delivery is expensive, and often only partly possible.

By building transformers, switchgear, ATS, UPS, and battery systems in-house, the schedule risk for the most common critical-path
items sits inside the programme. Equipment is built to one specification, tested as a system before shipment, and commissioned
against the envelope the facility will actually operate in.

CAPABILITY APPLICATION AND COMMERCIAL RELEVANCE

Energy-first site selection Utility network, grid capacity, and permitting risk are assessed before capital is committed. Projects start
with a credible energization path.

In-house transformer and switchgear MV/LV transformers and custom switchgear are produced per project. Delivery does not depend on the
queue that has lengthened industry-wide.

ATS with sub-cycle transfer, N+1 Transfer systems are validated against the UPS hold-up window for the actual facility load profile. Timing is
confirmed before site delivery.

Modular UPS, factory load-tested UPS and battery systems are load-tested to rated capacity in the factory. Commissioning confirms
performance rather than establishing it.

Power orchestration and live monitoring Resource dispatch, load modelling, and rack-level monitoring run across the chain. Quality events surface
before they become outages.

Topology built for density expansion Busway, phase distribution, and UPS scalability are planned for the next hardware generation. Upgrades do
not reopen the electrical design.

W H E R E  T H E  P R E M I U M  S I T S

The premium sits with power chains that reduce coordination risk while keeping room for density. It matters most when
equipment lead times are long, commissioning windows are short, and the cost of a slipped energization is measured in
revenue.
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The Substation Is Not the Finish
Line
What decides whether a project lands on its promises is less about power access and more about

power conversion. The eight-layer chain between the utility boundary and the rack carries the

schedule and the reliability profile. Transformer lead times that have doubled since 2021. Interface

faults that only surface at commissioning. Power quality events that upstream metering never sees.

None of those are utility problems. They are engineering and integration problems, solved on the

drawing board, not on the site.

A B O U T  T H E  P U B L I S H E R

DARKNX develops and delivers high-density data centre infrastructure for AI, HPC, and enterprise environments. We design
and build the complete power delivery chain, from utility connection and substation through transformers, switchgear, ATS,
UPS, generation, busway, and rack-level power, as one integrated programme. In-house manufacturing keeps the components
and lead times that most often determine an energization date under direct control.
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