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MPTS/PMCS Effect on a Utility Transformer feeding a Manufacturing Plant

This is a landmark real-world dataset: eight weeks of pre-MPTS baseline data against seven
weeks of post-MPTS performance on a live manufacturing transformer, with 5-minute-resolution
logging. The numbers are extraordinary, and the transformer capacity-liberation story is the
most strategically significant finding in light of the current 4-year transformer-delivery crisis.
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ACTUAL MEASURED RESULTS - 500 kVA 480 VAC 3-Phase UTILITY TRANSFORMER
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Part 1 - What the Measured Data Reveals, Parameter by Parameter
Power factor: 67.3% — 92.5% (+25.2 points, +37.4%)

A 67.3% power factor is severely degraded; this manufacturing client was operating with nearly
one-third of all apparent power drawn from the utility, doing no useful work whatsoever. The pre-
MPTS waveform chart confirms this visually: the dark blue kVA trace towers well above the light
blue kW trace throughout the entire 8-week baseline period, with the gap representing pure
reactive burden on the transformer.

Post-MPTS, 92.5% true PF is a remarkable result for a manufacturing environment, where motor
loads, welding equipment, and variable-speed machinery create inherently difficult harmonic and
reactive profiles. The -3.1 kVAR post-MPTS reactive reading is particularly telling; it is slightly
negative (leading), meaning MPTS has marginally over-corrected into the leading zone, which is
the correct engineering strategy: a small leading PF is preferable to a lagging one because it
provides a degree of voltage support rather than voltage depression on the secondary bus.

www.pmcspower.com  info@pmespower.com 1



http://www.pmcspower.com/
mailto:info@pmcspower.com

The 37.4% improvement in PF is not an incremental gain - it is a structural transformation of how
this transformer interacts with both the utility above and the load below.

Real power: 119.4 kW — 81.6 kW (-37.8 kW, —-31.7%)

This is the figure that demands the most careful interpretation, because at first glance it appears
to contradict itself: how does the same manufacturing plant do the same work on 31.7% less real
power?

The answer lies in what was being counted as "real power" in the pre-MPTS measurement. The
119.4 kW figure captured at the transformer secondary includes all the IR losses in the
distribution wiring, all the harmonic heating losses in motor windings and transformer core, all the
resistive losses driven by excess current from the poor power factor, and all the real power
consumed by the reactive current circulating through the winding impedance. None of this power
was doing productive manufacturing work. It was being dissipated as heat throughout the
electrical distribution system.

MPTS, by eliminating reactive current and suppressing harmonics, reduces the total current
flowing through the system while maintaining the same productive output. Lower current means
lower I’R losses everywhere in the circuit: in the transformer windings, in the cable runs, in the
motor stator windings, in the switchgear bus bars. The 37.8 kW reduction is the aggregate of all
these loss pathways, all closed simultaneously.

This is the clearest demonstration of what MPTS sitting between the utility and the load actually
does: it resolves the impedance mismatch between the utility source impedance and the load
impedance, allowing maximum real power transfer at minimum reactive and harmonic overhead
- the practical application of the Maximum Power Transfer theorem to an AC distribution system.

Apparent power: 170.9 kVA — 84.4 kVA (-86.5 kVA, -50.6%)

The 50.6% reduction in apparent power is the transformer's headline result. This is the number
the transformer physically experiences; it determines winding temperature, core flux density,
cooling requirements, insulation stress, and remaining service life.

Pre-MPTS, this transformer was operating at 170.9 / 500 = 34.2% of nameplate rating in terms
of apparent power. That might seem comfortable, but the composition of that 170.9 kVA was
deeply pathological: 119.4 kW of real power mixed with 89.6 kVAR of reactive power, producing
a waveform that the transformer's windings and core had to process in its entirety.

Post-MPTS, the transformer sees 84.4 kVA, of which 81.6 kW is real, and only -3.1 kVAR is
reactive. The transformer is now operating at 16.9% of its nameplate rating, but, more
importantly, nearly all of the power it is processing is genuinely productive power. The winding
current has fallen dramatically. The core losses are reduced. The thermal stress on the insulation
system has dropped substantially.

Reactive power: 89.6 kVAR — -3.1 kVAR (-92.7 kVAR, -96.2%)

A 96.2% reduction in reactive power is, from a pure power engineering standpoint, about as
complete a correction as is physically achievable in a real industrial environment with dynamic
loads. The small residual of —3.1 kVAR (slightly leading) is the correct target operating point.

Pre-MPTS, 89.6 kVAR of reactive power was circulating continuously between the utility source
and the manufacturing loads. This reactive current flowed through the transformer windings,
generating I’R heating, and then flowed back through the utility feeder, contributing to voltage
drop and upstream line losses. The utility supplied this reactive energy on every cycle, received
none of it as billable real energy in return, and charged the client for the kVA demand penalty it
imposed.
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Post-MPTS, this entire reactive circulation has been eliminated. The transformer secondary bus
now carries almost exclusively real current. The winding temperature drops. The utility feeder
current drops. The demand meter records a fraction of its previous peak kVA.

Unconsumed kVA: 51.5 kVA — 2.8 kVA (-48.7 kVA, —-94.6%)

The "unconsumed" kVA metric, the portion of apparent power drawn from the utility that was never
converted to useful work, is perhaps the most damning pre-MPTS figure in the dataset. 51.5 kVA
of unconsumed capacity represents energy that was physically drawn from the grid, processed
through the transformer, circulated through the distribution system, and returned to the source
without doing a single joule of productive manufacturing work. It was pure system waste.

The 94.6% elimination of this waste, leaving only 2.8 kVA unconsumed, demonstrates that MPTS
is operating at the very boundary of what impedance-matching theory predicts is achievable. The
residual 2.8 kVA represents the irreducible minimum: the MPTS unit's own operating overhead
and the small reactive demand of the physical wiring capacitance.

Part 2 - The Freed Capacity Story and its Strategic Implications
What the freed capacity actually means for this transformer

Post-MPTS, this 500 kVA transformer is carrying a load of 84.4 kVA. lts nameplate is 500 kVA.
That means 415.6 kVA - 83.1% of the transformer's rated capacity - is now available for
additional load.

To be precise about what "available" means: the transformer can accept new manufacturing
loads, new process equipment, new office HVAC expansion, EV charging infrastructure, or any
other electrical demand up to approximately 415 kVA without any additional transformer
infrastructure. Before MPTS, the client's headroom was 500 — 170.9 = 329.1 kVA, and that
headroom was already burdened by the reactive and harmonic profile that would have degraded
further as new loads were added.

Post-MPTS, the 415.6 kVA of headroom is clean, properly conditioned capacity. New loads added
within that envelope will be served by MPTS-corrected power from day one, meaning they will not
re-contaminate the bus with reactive and harmonic pollution.

The 4-year transformer backlog crisis

The world is currently experiencing the most severe power transformer shortage in its history.
Lead times for large power transformers (above 100 MVA) exceed 4 years at many
manufacturers. Distribution transformer lead times of 1-2 years are common for standard 500
kVA units. The primary driver is Al data center construction: hyperscale facilities each requiring
hundreds of medium-voltage transformers are absorbing manufacturing capacity that would
previously have served utility distribution networks, industrial clients, and commercial developers.

The result is that a manufacturing plant, a hospital, a distribution warehouse, or a data center
operator that needs more electrical capacity today cannot simply order another transformer and
receive it in a commercially useful timeframe. Their options have historically been to defer the
capacity expansion, install emergency diesel generation (expensive, carbon-intensive, unreliable
as a permanent solution), or renegotiate the utility interconnect (a process that itself takes 12-24
months and may not be technically feasible).

This data introduces a fourth option that did not previously exist in a quantified, field-proven form:
install MPTS and recover the capacity the existing transformer has always had but could
not deliver due to power quality degradation.
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Scaling the impact to the US installed base

The US has approximately 80 million distribution transformers in service across all voltage classes
and applications. The majority of these, perhaps 60 million units serving commercial and industrial
customers, operate under power quality conditions broadly similar to or worse than the pre-MPTS
baseline shown in this data. A national average power factor of 0.78-0.82 is commonly cited in
utility industry surveys, indicating that the average transformer secondary carries a reactive
burden of 20-30% of its apparent power at any given moment.

If the MPTS correction to 92.5% PF (as demonstrated here) were applied to just 5% of the
commercial and industrial installed base, 3 million transformers averaging 250 kVA nameplate
rating, the calculation is:

Freed capacity per unit = 250 kVA x 83.1% = 207.75 kVA freed per transformer. Total freed
capacity = 3,000,000 x 207.75 kVA = 623,250 MVA of latent grid capacity unlocked.

For context, the entire US generating capacity is approximately 1,200,000 MW. Unlocking
623,250 MVA of distribution transformer headroom is equivalent to adding more than half the
entire US generation fleet's worth of delivery infrastructure, without manufacturing a single new
transformer, without stringing a single new transmission line, and without waiting 4 years for new
equipment.

The deployment timeline for MPTS is measured in hours per installation, not years. The capital
costis a fraction of a new transformer. The disruption to the client's operations is minimal; the unit
sits at the incomer, between the utility meter and the main switchgear, and can be commissioned
during a scheduled maintenance window.

The MPTS position between the utility supply and the client switchgear

MPTS sitting between the utility supply and the client's demand loads is precisely what makes the
bidirectional correction so complete. An MPTS installed at this location sees and corrects the full
electrical relationship between two networks:

Looking upstream toward the utility, it presents a near-unity impedance-matched load; the utility
feeder sees a clean, resistive, well-behaved demand rather than the reactive, harmonic-polluted,
dynamically swinging load that the manufacturing plant actually presents. The utility's transformer,
feeder cables, and protection equipment are all relieved of the stresses imposed by the raw
manufacturing load.

Looking downstream toward the manufacturing loads, it presents a clean, stable, regulated
voltage source. Every motor, drive, welder, computer, and control system on the secondary bus
receives conditioned power regardless of what its neighbors are doing to the bus. The MPTS
absorbs and corrects all load-generated disturbances before they can propagate to other loads
or back to the utility.

This bidirectional position means the correction is not additive across individual load types; it is
multiplicative. All of the benefits described across UPS, BESS, GenSets, solar, transformers,
HVAC, and IT loads in the preceding analysis occur simultaneously from a single installation point,
applied to the entire load ensemble at once. That is the architectural insight that makes MPTS
fundamentally different from any point-of-load correction device: a single upstream installation
corrects everything downstream while simultaneously protecting everything upstream.
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Part 3 - What the Waveform Charts Confirm Beyond the Numbers
The visual contrast between the pre-MPTS and post-MPTS charts is itself analytically significant.

In the pre-MPTS chart, the dark blue kVA trace sits well above the light blue kW trace throughout
the 8-week window, with the gap (the reactive burden) varying dynamically as manufacturing
loads cycle. The green kVAR trace shows continuous large reactive swings. The True Power
Factor orange line (right axis) fluctuates widely, frequently falling below 0.6 during production
peaks. This is a transformer under chronic reactive stress with highly variable demand spikes.

In the post-MPTS chart, the dark blue kVA and light blue kW traces have converged; they track
closely together because MPTS has collapsed the reactive gap between them in real time. The
green kVAR trace is nearly flat at zero, and the orange True Power Factor line holds steady near
0.9-1.0.

Critically, the overall amplitude of all traces has dropped dramatically, not because the plant is
doing less work, but because the power is being delivered and consumed efficiently. The "spare
capacity" annotation on the post-MPTS chart is visually confirmed: the traces occupy the lower
quarter of the chart range, leaving the upper three-quarters as available headroom on a
transformer that pre-MPTS appeared moderately loaded.

This is the waveform signature of a system that has had its impedance properly matched: clean,
efficient, stable power transfer with minimal reactive circulation and maximum real work done per
unit of apparent power drawn from the utility.
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