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Executive Summary
Static power architectures have become the foundation of electrical resilience in 
data centres, semiconductor fabs, and advanced industrial facilities. Their dominance 
reflects a structural transition in three areas:

	X The nature of electrical loads

	X The volatility profile of modern grids

	X The rising economic cost of short disturbances

Rotary systems once met the continuity needs of large, motor-heavy facilities. Today’s 
environments, however, require precision voltage regulation, rapid correction of short 
sags, and scalable protection architectures that evolve with the facility.

The Three Structural Forces Behind the Shift

Electronic Load Dominance 
Modern facilities are characterised by dense, non-linear 
electronic loads that require tight waveform control rather 
than inertia-based smoothing.

Sag Frequency in Semiconductor Fabs 
Short-duration voltage sags disrupt both critical tools and 
auxiliary systems. The cumulative cost of these events often 
exceeds that of rare full outages.

Modular Facility Growth 
Capacity is increasingly deployed in phases. Large, monolithic 
rotary configurations align less naturally with incremental 
expansion models.
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Static UPS and static MPC systems address these requirements through 
programmable electronic control, high efficiency standby operation, and predictable 
lifecycle behaviour.
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The sections that follow:

The conclusion outlines how facilities can align protection strategy with load 
composition, expansion pattern, and resilience objectives.

Trace the historical evolution from rotary to static systems

Evaluate long-term architectural implications

Explain the origin of MPC in response to semiconductor sag behaviour

Compare static and rotary technologies across response, efficiency, 
maintenance, and scalability
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Introduction and Executive Thesis: Choosing 
the Right UPS Architecture in a Changing 
Power Landscape
Power quality has moved from background engineering detail to board-level risk. 
Semiconductor fabs, data centres, and advanced industrial plants now operate with 
dense, highly sensitive electronic loads. A short voltage sag can:

	X Stop a lithography tool

	X Confuse a robot controller

	X Reset a server cluster

Standards such as SEMI F47 have raised expectations on ride-through capability. They 
have also exposed the limits of legacy approaches that relied primarily on inertia rather 
than system-level voltage control.
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For many years, rotary UPS systems were deployed in selected high-capacity facilities 
where an integrated mechanical approach was preferred. These systems combine 
flywheels, synchronous machines, and diesel engines in a single configuration. They 
remain valued in environments that prioritise mechanical robustness and integrated 
generation capability at multi-megawatt scale.

However, the broader market landscape has shifted.

Frost & Sullivan Research estimates that static UPS systems account for approximately 
94 per cent of global shipments in 2024, with rotary systems representing around 
6 per cent. Static architectures retain a clear majority even in the >800 kVA segment, 
where rotary has historically been more visible.

Executive Thesis
For most contemporary industrial, semiconductor, and data centre applications, static 
UPS and static MPC systems form a more flexible and controllable architectural 
foundation than rotary configurations across:

	X Reliability

	X Voltage regulation

	X Efficiency

	X Scalability

	X Lifecycle management

Rotary solutions retain relevance in specific niches, particularly where integrated diesel 
packages and legacy familiarity influence decision-making. The strategic default for 
new investment, however, is now static.

Operator Perspective
Signal Box – Data Centre Facilities Manager

The purpose of this white paper is to illustrate how each architecture behaves under 
real operating conditions. Rotary strengths are acknowledged where they apply. 
The objective is to clarify architectural trade-offs using evidence from market data, 
standards, field experience, and technology evolution.

We are no longer choosing between ‘a UPS’ and ‘another 
UPS’. We are choosing between a mechanical philosophy 
and an electronic one, and that choice affects every upgrade 
for the next twenty years.”
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Three decision questions guide the reader through the rest of the paper:

How did the industry 
move from rotary 
to static UPS as 
the mainstream, 

and what does that 
history imply for 
future choices.

Why did 
semiconductor fabs 
need a new class of 
static high voltage 
sag compensator 

such as MPC, instead 
of simply scaling 
low voltage UPS 

or relying on rotary 
inertia.

Across real world 
criteria such as 

response speed, sag 
coverage, efficiency, 
maintenance, space, 
and scalability, how 
do static UPS and 

static MPC compare 
with rotary UPS 

systems over the full 
lifecycle.

01 02 03

Each subsequent section addresses these questions using structured evidence and 
mechanism-based reasoning. 

Strategic Outcome
The goal is to support readers in developing a more confident and forward-looking 
power protection strategy that aligns with future operating realities. In some facilities, 
that may mean reinforcing existing rotary investments with clearer boundaries. In many 
others, it will mean recognising static UPS and static MPC type systems as the primary 
architectural path for the next generation of fabs, data centres, and industrial plants.
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UPS History and Evolution: From Mechanical 
Inertia to Power Electronics
UPS technology did not begin with semiconductors. It began with steel, copper, and 
spinning mass.

Early systems in the mid-twentieth century were almost entirely rotary. Motor-
generator sets and flywheels stored kinetic energy and rode through short 
interruptions. A spinning flywheel could sustain the load for tens of seconds, long 
enough for auxiliary generation to start or for transient faults to clear. These designs 
were well suited to the electromechanical loads of the time, which were more tolerant 
of voltage deviations and less sensitive to waveform quality.

The Limits of Mechanical Buffering
As electronics spread through industry, the limitations of purely mechanical buffering 
became more apparent.

Rotary UPS could smooth slow variations. It could not tightly regulate:

	X Voltage magnitude

	X Frequency stability

	X Harmonic distortion

In parallel, semiconductor devices such as thyristors and later IGBTs matured to a 
point where they could handle significant power levels with controlled switching. 
This opened the path to static UPS topologies that convert AC to DC and back to 
AC through power electronics. The output voltage became a synthesised waveform, 
controlled by logic rather than by shaft speed.

The shift from rotary to static was not instantaneous.

Transitional Coexistence
For many years, dynamic or rotary UPS remained attractive in larger 
installations because:

	X Batteries were expensive and heavy

	X Perceived battery maintenance risk was high

	X Integrated diesel capability simplified infrastructure
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Diesel rotary UPS in particular offered a combined package where a flywheel bridged 
the gap until a coupled generator reached operating speed. In parts of Europe, these 
systems became established infrastructure in critical facilities. Vendors continue 
to argue that electrically coupled rotary systems deliver high efficiency and robust 
performance at multi-megawatt scale.

Static UPS technology, however, continued to advance.

Modern double-conversion systems provide:

	X Tightly controlled output voltage

	X Low total harmonic distortion

	X Fast response to voltage sags and transients

Industry data now estimates that approximately 96 per cent of global UPS systems 
by unit count are static. Rotary systems form a small minority, concentrated at higher 
power ratings and specific niches.

This was not a stylistic transition. It was a load-driven one.

Mechanism Matters
From a mechanism standpoint, the distinction is clear.

Static UPS achieves conditioning through continuous electronic conversion. Incoming 
AC is rectified to DC, stabilised, and inverted back to AC with a reference waveform. 
Power quality issues on the input do not pass directly to the load because the output is 
reconstructed.

Rotary UPS relies on stored kinetic energy and electromechanical coupling. It is 
effective for short interruptions and can supply high fault currents. However, it does 
not independently shape waveform quality unless additional filtering equipment 
is added.

The Rise of Non-Linear Loads
As digital loads became dominant, another factor moved into focus: non-linear 
current behaviour.

Servers, drives, and semiconductor tools draw current in pulses. These pulses create 
harmonics. Surveys across industrial and data centre environments show rising 
proportions of such loads, particularly where variable speed drives and switch-mode 
power supplies are widespread.

As non-linear loads increased, waveform quality became a primary design variable 
rather than a secondary consideration.
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Operator Perspective
Signal Box – Facility Engineering Lead

Architectural Consequences
The evolution was not only technological. It was architectural.

Static systems later proved well aligned with phased capacity deployment, a lifecycle 
implication explored in detail in a later section.

Rotary systems tend to arrive as larger monolithic blocks, sized in megawatt steps. 
Some modern rotary solutions offer modular configurations. However, they generally 
remain heavier, more complex to transport, and more demanding during installation.

When our critical loads were mostly motors, rotary systems 
made intuitive sense. Once our critical loads became power 
electronics, we needed power electronics in the protection 
layer as well.”

Rotary UPS vs Static UPS

Rotary UPS Static UPS

ROTARY UPS STATIC UPS

• Mechanical flywheel + generator

• Large and complex mechanical system

• Power electronics + batteries

• Compact, modular cabinet design
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Strategic Signals from History
Three signals emerge from this historical arc:

For decision makers today, the question is not rotary or static in isolation. The question 
is how each architecture fits into an environment defined by electronic loads, stricter 
continuity standards, and long-term efficiency objectives.

This historical transition redefined the architectural baseline for modern facilities.

Static architectures 
displaced rotary 

primarily because 
facility loads evolved 
toward electronics 
that require fast, 

precise, and 
repeatable control 

of voltage and 
waveform quality.

Rotary technology 
did not disappear. 
It improved and 
retained a role in 

specific large-scale, 
integrated diesel 
configurations.

The market now 
reflects a clear 

mainstream, 
dominated by static 

UPS, alongside 
several rotary niches 
rather than two equal 

alternatives.
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Background of MPC: Semiconductor Power 
Quality Problems and the Static Solution Class
Semiconductor factories operate in a distinct power quality environment. A modern 
fab contains thousands of interacting loads, from lithography scanners and etch tools 
to chillers, pumps, fans, and cleanroom systems. Each class of equipment follows its 
own voltage tolerance curve.

Many production tools are designed to meet SEMI ride-through standards. Many 
auxiliary systems are not.

As a result, the weakest link often lies outside the process tools themselves. A sag that 
leaves a scanner running may still trip:

	X A cooling pump

	X An air handling unit

	X A gas distribution controller

The process is then interrupted regardless.

The Nature of the Sag Problem
Two characteristics make voltage sags particularly disruptive in semiconductor 
environments:

1. Frequency 
Short events occur far more often than full outages. Network faults, switching 
operations, lightning, or upstream disturbances generate repeated short-duration dips.

2. Economic Asymmetry 
The cost impact of a sag is not proportional to its duration. Even brief events 
can trigger:

	X Scrap

	X Rework

	X Chamber conditioning

	X Hours of recovery and requalification

In many fabs, cumulative sag-related losses exceed those associated with rare, 
long interruptions.

Power quality management therefore becomes a problem of disturbance shaping 
rather than simple backup supply.
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Limits of Traditional Architectures
Traditional UPS approaches were not designed for this profile.

Low-voltage static UPS units protect individual tool groups or control systems. They 
do this effectively. However, scaling them to cover the entire medium- or high-voltage 
backbone of a fab becomes impractical. The inverter capacity and energy storage 
required at tens of MVA is substantial. Continuous double conversion at that scale 
introduces losses and heat that conflict with efficiency targets.

Rotary UPS and rotary sag compensators operate at higher power levels. Yet they 
follow the same mechanical principle described earlier. They rely on inertia to bridge 
events. They do not provide fine-grained, programmable control of voltage during 
complex, multi-phase sag sequences, particularly where mixed load tolerances must be 
respected across an entire factory.

A clear architectural gap emerged.

The Emergence of Static Sag Compensation
Semiconductor facilities required a solution that would:

Operate at distribution 
level rather than at 

isolated low-voltage 
points

Remain highly 
efficient during 

steady state

Protect both SEMI-
compliant tools and 
auxiliary systems

Correct 
sags within 
milliseconds

Intervene 
only during 

disturbances

This is the context in which static voltage sag 
compensators such as Multiple Power Compensator 
systems emerged.

At their core, these devices combine:

	X High-speed switching

	X An energy source

	X A static inverter or converter bridge
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Under normal conditions, the compensator monitors the bus and introduces minimal 
losses. When a sag is detected, it injects controlled voltage to restore downstream 
voltage into the acceptable operating band.

The response occurs within a few milliseconds.

Unlike a full UPS, the compensator is optimised specifically for short-duration events. It 
does not attempt to sustain extended outages. It corrects the disturbance profile that 
most frequently disrupts production.

Distribution-Level Intervention
By operating at the feeder or high-voltage bus level, static compensators protect the 
entire mixed load environment of the fab. This includes:

	X Process tools

	X Building services

	X Utilities

	X Automation systems

Because intervention occurs upstream, auxiliary systems that would be uneconomical 
to protect individually can be stabilised collectively.

Operator Perspective
Signal Box – Semiconductor Facilities Engineer

Lifecycle Considerations
From a lifecycle standpoint, static sag compensators concentrate maintenance on 
electronic components and planned mid-life replacement. Servicing is typically 
performed under bypass to minimise operational disruption.

Mechanical sag systems depend on periodic intervention on rotating assemblies. These 
activities introduce scheduled downtime windows and specialist support requirements.

Rotary systems do offer inherent inertia and can assist under certain grid conditions. 
Integrated diesel rotary configurations remain useful in specific settings. These 
strengths remain relevant, particularly in sites with legacy DRUPS fleets or entrenched 
operational familiarity.

We could not keep chasing every vulnerable load with one 
more small UPS. At some point we needed the grid inside 
the fab to behave better for everything.”
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However, the trajectory of semiconductor design continues toward:

	X Higher tool sensitivity

	X Greater wafer value

	X Tighter voltage tolerances

	X More complex grid disturbance profiles

These trends steadily increased the appeal of static, programmable interventions at the 
high voltage level.

Architectural Signal
Static sag compensation did not emerge as a variation of rotary equipment. It emerged 
as a response to measurable limitations in traditional approaches when applied to 
semiconductor environments.

It represents the extension of static power electronics from low-voltage UPS 
protection to high-voltage, factory-scale disturbance control. With that background 
in place, the next section will examine how static UPS itself compares with rotary 
UPS in protecting data centres and industrial loads from the full spectrum of power 
quality issues.
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Competitive Advantage 1: How Static UPS 
Compares with Rotary UPS
The distinction between static and rotary UPS is grounded in physics rather than 
presentation. In most facilities today, critical loads are predominantly electronic and 
non-linear, a shift discussed earlier. In this environment, voltage precision becomes a 
primary design requirement.

Behaviour Under Modern Electronic Loads
Static UPS meets this requirement by constructing the output waveform electronically. 
Incoming AC is converted to DC, stabilised, and inverted back to AC through 
semiconductor switching. The output is controlled and does not depend directly on 
input quality. Harmonics, sags, swells, and transients are filtered and reshaped as part 
of the conversion process. Response times are governed by semiconductor switching 
and control loops.

Rotary UPS relies on inertia-based bridging through rotating mass. This mechanism 
provides continuity during short interruptions and delivers high fault current naturally. 
However, because it is mechanical, it responds differently to fast, multi-cycle 
disturbances or waveform distortion created by non-linear loads.

It smooths. It does not synthesise.

Mechanism Comparison

Performance 
Dimension Static UPS Rotary UPS

Core protection 
method

Continuous AC-DC-AC 
conversion Kinetic energy via flywheel

Voltage regulation Actively synthesised 
output Inertia-based stabilisation

Response to short 
sags

Millisecond electronic 
response

Mechanical compensation after 
disturbance onset

Harmonic handling Inherent waveform 
reconstruction May require additional filtering

Isolation from input 
disturbances

Output decoupled from 
grid waveform

Output initially influenced by grid 
behaviour

This distinction becomes material where loads are sensitive to even brief deviations.
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Operator Perspective
Signal Box – Industrial Facilities Director

Harmonics and Waveform Quality
Non-linear loads introduce harmonic distortion into the current waveform. Static UPS 
manages these effects as part of its conversion cycle. Rotary UPS passes much of the 
harmonic profile to the load unless filtering equipment is added. In installations where 
rotary is combined with modern electronic loads, harmonic mitigation often becomes 
an additional design requirement.

As load profiles continue to shift toward power electronics, waveform control becomes 
a structural design variable rather than a secondary refinement.

Efficiency Under Real Operating Conditions
Efficiency comparisons historically favoured rotary systems, particularly in earlier 
generations of double-conversion static designs. That differential has narrowed 
substantially.

Contemporary static UPS platforms routinely achieve efficiencies in the mid to high 
ninety per cent range across typical load conditions. Modern rotary systems report 
comparable peak values.

The practical comparison therefore turns on operating profile rather than headline 
maximums.

Rotary systems maintain a continuously spinning mass, which introduces persistent 
mechanical losses. Static systems incur conversion losses associated with waveform 
synthesis, though these have been reduced significantly through semiconductor 
improvements and advanced control strategies.

In installations with variable load levels, performance across partial load becomes 
as relevant as full-load efficiency. Modern static platforms demonstrate stable 
performance across a wide operating band without dependence on mechanical inertia.

The rotary units kept everything running during longer dips. 
The trouble came from the short, sharp events. We needed 
something faster.”
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Maintenance Profile
Maintenance patterns reflect architectural differences.

Static UPS maintenance focuses on:

	X Energy storage systems

	X Cooling components such as fans

	X Monitoring and control systems

Lithium-ion and EDLC energy storage solutions are typically designed for operational 
lifetimes approaching 15 years under appropriate conditions.

Rotary UPS maintenance involves periodic mechanical inspection and servicing of 
rotating assemblies. These requirements vary by design, but remain structurally 
different from the lifecycle rhythm of modular electronic systems.

Maintenance implications differ structurally and are examined in the lifecycle section.

Installation and footprint considerations become more material over full lifecycle 
planning and are examined in the subsequent lifecycle section.

Strategic Boundary
Rotary UPS remains viable. In large, centralised facilities where integrated diesel 
functionality and mechanical robustness are prioritised, rotary can be an appropriate 
choice. Certain operators continue to favour this path, particularly where load profiles 
are steady and centralised.

However, in environments characterised by:

Predominantly 
electronic loads

Sensitivity to short-
duration sags

Modular growth 
strategies

Lifecycle flexibility 
requirements

Harmonic distortion 
concerns

Static UPS more naturally aligns with operational realities.
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Market Context
Static UPS accounts for the overwhelming majority of global installations by unit count. 
Rotary persists as a focused niche, particularly at higher capacities and in specific 
regional contexts.

The market signal is not that rotary is obsolete. It is that static has become the 
architectural default, while rotary must be justified through clearly defined 
contextual advantages.

The following section will explore the next layer of differentiation by examining 
how static MPC type systems compare with rotary sag compensation strategies in 
semiconductor environments, where high voltage sag behaviour, equipment tolerance 
curves, and factory scale load dynamics change the problem entirely.
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Competitive Advantage 2: How Static MPC 
Compares with Rotary Sag Compensators
As discussed in the previous section, voltage sags represent the dominant disturbance 
in semiconductor environments. The critical question is how each architecture 
responds under these conditions.

The Rotary Sag Compensation Approach
Rotary sag compensators rely on inertia-based stabilisation rather than programmable 
voltage shaping. 

In motor-dominated industrial settings, this mechanism can be effective. 

However, semiconductor fabs present a more complex load environment. They contain:

SEMI-compliant process 
tools with defined ride-
through curves

Non-SEMI auxiliary 
systems such as HVAC, 
chilled water pumps, 
robotics, and gas controls

The Static MPC Mechanism
Static MPC-type systems approach sag correction differently. They remain in high-
efficiency standby under normal conditions. When a sag is detected, they inject 
controlled voltage onto the high-voltage bus using a static inverter and high-speed 
switching network.

The objective is precise voltage restoration within milliseconds.

Documented static buck-boost and dynamic voltage restoration devices report 
response times near three milliseconds. This aligns with semiconductor tool sensitivity 
thresholds, where even brief deviations can trigger resets.

Unlike full UPS systems, static sag compensators are optimised specifically for short-
duration events. They do not attempt to sustain extended outages. They correct the 
disturbance profile that most frequently disrupts production continuity.
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Mechanism Comparison

Dimension Static MPC Rotary Sag Compensator

Core principle Electronic voltage 
injection Kinetic energy inertia

Response time Millisecond electronic 
control Mechanical stabilisation

Voltage shaping Programmable correction Smoothing through 
momentum

Mixed load tolerance 
handling

Can restore voltage to 
defined band

Uniform response across 
loads

Steady-state efficiency Very high standby 
efficiency

Continuous mechanical 
losses

The ability to shape the voltage waveform actively becomes material where sag 
profiles are irregular or multi-phase, and where auxiliary systems have weaker 
immunity than primary process tools.

Mixed Load Reality
In semiconductor facilities, auxiliary systems frequently represent the weakest link. 
A sag that remains within SEMI tolerance for a lithography tool may still trip:

	X Cooling infrastructure

	X Air handling systems

	X Gas distribution networks

Static MPC systems protect all downstream equipment on the feeder simultaneously. 
By intervening at the distribution level, they avoid the need to protect each vulnerable 
load individually.

This distribution-level intervention is a defining characteristic of static sag compensation.

Operator Perspective
Signal Box – Semiconductor Engineering Manager

Rotary gave us inertia. MPC gave us control. That control 
mattered every time we had a sag that was not perfectly 
clean or perfectly timed.”
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Efficiency and Lifecycle Considerations
Static MPC systems operate in a high-efficiency standby state, injecting power 
only during disturbance events. Documented steady-state efficiencies approach 
approximately 99.5 per cent under normal conditions.

Over decades of operation in a high-load fab environment, this profile contributes to lower 
cumulative energy consumption compared with systems that require continuous rotation.

Rotary sag systems maintain spinning mass at all times. Even with improvements such 
as magnetic bearings and reduced friction assemblies, continuous rotation introduces 
mechanical losses. Maintenance considerations follow the architectural principle 
described later in the lifecycle analysis. 

Modern rotary designs have reduced service frequency and improved reliability. 
These advances should be acknowledged. However, the lifecycle rhythm of rotating 
equipment remains structurally different from that of static electronic systems.

Strategic Boundary Conditions

Architectural Signal
Static sag compensation did not emerge as a cosmetic variation of rotary systems. 
It emerged as a direct response to measurable performance gaps in semiconductor 
environments.

It extends static power electronics beyond low-voltage UPS into high-voltage factory-
scale disturbance control.

The competitive advantage lies not in backup duration, but in disturbance precision.

The next section will extend the comparison across the entire lifecycle. It will explain 
how static UPS and static MPC architectures offer practical advantages in transport, 
installation, maintenance, redundancy planning, and long term scalability, particularly in 
environments that evolve over twenty year horizons.

Rotary sag compensators 
can be appropriate where:

However, semiconductor 
manufacturing trends indicate:

	X Motor loads dominate

	X Sag profiles are predictable

	X Integrated diesel capability is 
valued

	X Existing DRUPS fleets shape 
operational familiarity

These contexts remain valid.

	X Increasing tool sensitivity

	X Rising wafer value per batch

	X Greater complexity in grid 
disturbance profiles

	X Tightening power quality 
expectations

These trends favour programmable, 
distribution-level voltage shaping.
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Competitive Advantage 3: Lifecycle and 
Scalability Advantages of Static UPS and 
Static MPC
Power protection decisions extend across decades. The architecture selected at 
procurement influences transport constraints, installation complexity, maintenance 
planning, expansion flexibility, and eventual replacement cycles. The distinction 
between static and rotary systems therefore becomes more visible over time.

Static UPS and static MPC architectures are modular, cabinet-based electrical systems. 
Rotary systems are mechanical assemblies built around rotating mass. That difference 
shapes the lifecycle experience.

Transport and Installation
The first distinction appears before commissioning.

Static systems are typically delivered as modular cabinets. They can be:

	X Transported using conventional facility pathways

	X Installed incrementally

	X Integrated in phases

This allows alignment with staged construction or phased capacity deployment.

Rotary systems, particularly high-capacity or integrated diesel rotary units, are often 
delivered as large monolithic assemblies. These may:

	X Weigh several tonnes

	X Require reinforced floors

	X Demand specialised lifting and alignment procedures

In centralised facilities, this can be accommodated. In retrofit environments or modular 
campuses, installation complexity becomes a more material variable.

Maintenance and Lifecycle Rhythm
Lifecycle maintenance reflects architectural design.

Static UPS and MPC maintenance typically focuses on:

	X Energy storage systems

	X Cooling systems and airflow management

	X Power electronics condition monitoring
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Lithium-ion and EDLC energy storage solutions are generally designed for operational 
lifetimes approaching 15 years under appropriate environmental conditions.

Maintenance activities are planned, predictable, and can typically be performed under 
bypass to avoid load interruption.

Rotary systems follow a different rhythm. Rotating assemblies require:

	X Bearing inspection

	X Lubrication management

	X Periodic mechanical servicing

	X Long-term overhaul planning

Advances such as magnetic bearings and improved vacuum flywheel systems 
have reduced wear and extended service intervals. These improvements are 
significant. However, rotating mass remains a mechanical dependency that influences 
lifecycle planning.

The distinction is not about reliability alone. It is about the nature of 
maintenance intervention.

Scalability and Expansion
Modern data centres and semiconductor fabs rarely remain static in capacity. 
Expansion often occurs in phases.

Static UPS platforms are inherently modular. Capacity can be expanded by:

	X Adding power modules

	X Increasing battery strings

	X Configuring parallel redundancy

This allows incremental growth aligned with capital planning.

Static MPC devices, operating at distribution level, can similarly be scaled to protect 
evolving feeder groups as facility demand increases.

Rotary systems scale mechanically. Increasing capacity generally requires a larger 
rotating assembly. Footprint, mass, and installation complexity increase accordingly. 
Expansion therefore becomes a strategic event rather than an incremental adjustment.

In facilities with stable, centralised load profiles, this may be acceptable. In phased-
build environments, modular scalability becomes structurally advantageous. Advances 
such as magnetic bearings and improved vacuum flywheel systems have reduced wear 
and extended service intervals. These improvements are significant. However, rotating 
mass remains a mechanical dependency that influences lifecycle planning.
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Energy Consumption Over Decades
Lifecycle energy consumption is cumulative.

Static sag compensation operates in very high-efficiency standby conditions. Static 
UPS systems incur conversion losses associated with continuous AC-DC-AC operation. 
However, modern platforms maintain high efficiency across a broad load range.

Rotary systems maintain continuous mechanical rotation. Even incremental friction 
and system losses accumulate over decades of operation. In multi-megawatt facilities, 
small efficiency differences can translate into substantial lifetime energy impact.

In regions where energy cost, carbon reporting, or sustainability objectives influence 
procurement, this distinction becomes increasingly relevant.

Risk Distribution
Lifecycle risk is distributed differently across architectures.

Static systems distribute operational risk across modular components. Individual 
modules, fans, or storage elements can be serviced or replaced without removing the 
entire system from service.

Rotary systems concentrate operational dependency into fewer large mechanical 
assemblies. While failure rates are managed through maintenance discipline, the 
consequence of a major mechanical issue is typically more concentrated.

This does not imply inherent unreliability. It reflects architectural concentration versus 
modular distribution.

Operator Perspective
Signal Box – Data Centre Engineering Lead

We needed a system that would not complicate every 
expansion plan. Static UPS slotted in each time. The rotary 
units felt like one-time decisions that locked us into a layout.”
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Balanced Boundary Conditions
Rotary systems retain advantages in specific contexts:

Integrated diesel 
functionality within 
a unified mechanical 

platform

Natural short-
circuit strength 

under certain fault 
conditions

Established 
familiarity in facilities 
with legacy DRUPS 

fleets

Modern rotary designs have improved mechanical efficiency and reduced service 
demands. These strengths remain relevant in defined operating environments.

However, the broader trajectory across semiconductor fabs, hyperscale campuses, and 
modular data centre builds continues to favour:

	X Incremental scalability

	X Predictable lifecycle planning

	X Modular redundancy

	X Electrically governed architectures

Static UPS and static MPC align naturally with these trends.

Strategic Implication
Over a twenty-year horizon, the distinction between electronic modularity and 
mechanical centralisation compounds.

Where facilities evolve, expand, and integrate distributed energy resources, flexibility 
becomes a strategic asset. Architectures that scale in increments and integrate digitally 
into monitoring frameworks align more closely with long-term operating realities.

Rotary remains viable within clearly defined contexts. Static architectures, however, 
offer lifecycle characteristics that align with the majority of modern build patterns.

The next section will synthesise the strategic implications from all three competitive 
advantages and connect them to investment decisions, operational resilience strategy, 
and future-ready power architecture planning.
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Conclusion and Call to Action
The evolution from rotary to static architectures reflects a broader structural shift 
in how modern facilities interpret electrical resilience. The industry moved from 
mechanical continuity to electronic precision because disturbance profiles changed, 
load behaviour changed, and the economic consequences of disruption changed.

Today’s critical environments depend on equipment that expects stable, tightly 
controlled voltage. They operate with mixed loads that do not share common immunity 
curves. They expand in modular increments and require protection systems that 
scale accordingly.

Static UPS and static MPC architectures emerged as responses to these conditions 
rather than stylistic alternatives to rotary systems.

Three Core Conclusions

Waveform Control Now Matters More Than Inertia 
In environments dominated by electronic loads, precision voltage 
shaping and millisecond response become primary design variables. 
Static UPS provides this control consistently.

Lifecycle Flexibility Determines Long-Term Value 
Installation complexity, maintenance rhythm, scalability, and energy 
consumption compound over decades. Modular static architectures 
align more naturally with phased build and expansion models.

Semiconductor Fabs Require Distribution-Level Sag Correction 
Mixed load environments demand high-voltage intervention that 
respects both SEMI-compliant and non-SEMI tolerances. Static 
MPC systems address this through programmable correction at the 
feeder level.
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03

Rotary systems retain relevance in specific contexts, particularly where inertia, 
integrated diesel capability, or established operational familiarity shape procurement 
decisions. These environments remain valid. The strategic footprint of rotary, however, 
is narrower than it once was.
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Operator Reflection
Signal Box – Asia Pacific Operator

Looking Forward
Near-term developments will likely centre on improved semiconductor switching 
devices and tighter integration between protection systems and facility 
monitoring platforms.

Over the medium term, coordinated architectures that combine UPS, sag 
compensation, energy storage, and on-site generation will become more prevalent. In 
such environments, programmability and modularity increase in importance.

Over the longer term, static power electronics are likely to form part of a broader 
network of intelligent interfaces between sensitive loads and increasingly 
dynamic grids.

These trends do not eliminate rotary architectures. They redefine their context.

Strategic Direction for Decision Makers
A protection strategy should not be defined by technology lineage alone. It should be 
defined by:

	X Disturbance frequency and severity profile

	X Load composition and immunity distribution

	X Expansion trajectory

	X Lifecycle and sustainability objectives

Facilities with predominantly electronic loads and phased growth patterns will often 
find that static UPS and static MPC architectures align more naturally with their 
operating model.

Facilities that prioritise integrated diesel functionality or operate within stable, 
centralised load environments may continue to favour rotary solutions, provided the 
associated lifecycle implications are fully understood.

Our protection strategy changed when we realised the load 
was changing faster than the grid. Static systems gave us 
room to adjust.”
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Recommended Next Steps
To translate architectural insight into practical strategy:

These steps clarify which protection philosophy delivers the most resilient and 
economically grounded outcome.

The strategic question is not which technology is universally superior. It is which 
architecture aligns most closely with the facility’s present conditions and future 
trajectory.

Static UPS and static MPC offer a pathway that fits the majority of modern 
environments while preserving flexibility for evolving load density, regulatory 
expectations, and grid dynamics.

Architectural clarity, rather than historical preference, should guide the decision.

Conduct a disturbance profile assessment based on actual 
event history.

Map all connected loads by immunity class to identify true 
vulnerability points.

Align protection architecture with expansion plans and long-term 
operational objectives.
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