MPTS/PMCS Impact on Utilities’ Direct or Backup Power/Energy Systems

The diagram below maps the entire benefit ecosystem: the utility source on the left, MPTS at the
center, and the protected asset fleet on the right.
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The full quantified breakdown for each asset class, working from the energy storage assets
through to the load side (Note: US$1 = SAR17):

1. UPS - Uninterruptible Power Supply

A UPS is perhaps the most acutely sensitive asset in the fleet because it sits permanently on
standby, absorbing whatever waveform the utility provides, and its valve-regulated lead-acid
(VRLA) or lithium-chemistry batteries degrade directly in response to that quality.

Dirty power imposes three specific attack vectors on a UPS: harmonic currents heat the internal
transformer and rectifier, causing premature de-rating; total harmonic distortion (THD) above 8%
causes the rectifier to draw non-sinusoidal charging current that stresses the battery plates with
ripple current; and a degraded power factor forces the UPS static bypass to handle elevated
apparent current, increasing thermal wear.

MPTS intervention quantified: reducing input THD from 15% to under 5% cuts battery ripple
current stress by approximately 60%, extending VRLA battery life from a typical 3-4-year field life
to 5-6 years, a 40% lifespan increase. On a 100 kVA UPS installation with $30,000 (R570,000) in
battery replacement costs on a 4-year cycle, this saves roughly $7,500 (R727,000) per cycle. The
UPS can also be sized more tightly: a UPS designed for clean input at 0.95 PF requires 20-25%
less kVA headroom than one sized for a dirty supply at 0.75 PF, directly reducing capital costs on
new installations.
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2. BESS - Battery Energy Storage System

A BESS faces a compounded problem: it must both absorb energy from the grid during charging
and deliver it cleanly during discharge. Dirty charging power degrades both functions.

During charging from a distorted supply, the AC/DC converter (typically an active front-end
rectifier) must work against harmonic voltages. This increases converter losses by 3-8 percentage
points and induces battery heating that accelerates solid-electrolyte interphase (SEI) layer growth
- the primary aging mechanism in lithium-ion cells. Every 18°F (10°C) of excess battery
temperature approximately halves calendar life, per the Arrhenius relationship used in battery
degradation models.

MPTS intervention quantified: at a 500 kWh BESS cycling twice daily at a round-trip efficiency of
88% on clean supply versus 82% on dirty supply, the efficiency gap represents 6 x 500 kWh x
365 = 1,095 MWh/year of additional energy drawn from the utility per year, wasted as heat. At
$0.12 (R2.04)/kWh, that is $131,400 (R2,233,800) per year in pure charging-loss cost. Battery life
extension from reduced thermal stress - from 8 years to 10 years - on a $500,000 (R8,500,000)
BESS represents $100,000 (R7,700,000) deferred capital per replacement cycle.

3. GenSet - Diesel or Gas Generator

A diesel generator set is a rotating machine whose alternator is designed to supply power at a
defined power factor, typically 0.8 PF lagging per IEC 60034-1. When it supplies a load with a
poor or harmonic-distorted power factor, three damaging effects occur simultaneously: the
alternator must carry excess reactive current that heats the windings; harmonic content causes
additional iron losses and eddy currents in the stator laminations; and the governor and automatic
voltage regulator (AVR) hunt against the non-linear load, causing instability and mechanical wear.

MPTS intervention quantified: correcting the load PF from 0.75 to 0.95 allows the same 500 kW
real power load to be served by a 526 kVA genset rather than a 667 kVA genset - eliminating the
need to buy the next frame size up. That is typically $40,000-$80,000 (R680,000-R1,360,000) in
avoided capital. On fuel, a genset running at 75% load factor on a corrected PF uses
approximately 8-15% less diesel because the alternator operates closer to its efficiency peak and
rotor losses are reduced. On a 500 kW genset consuming 30 G/hour at full load, 10% fuel saving
across 500 hours of annual run time yields 1,500 gallons saved - at $5.2/G that is $7,800
(R132,600) per year, plus reduced engine hours extending overhaul intervals.

4. Solar PV and Inverter Array

Solar inverters are grid-following devices: they synchronize their output to the grid voltage
waveform using a phase-locked loop (PLL). A distorted grid voltage degrades PLL tracking
accuracy, causing the inverter to inject power at slightly incorrect phase angles, reducing
maximum power point tracking (MPPT) efficiency. Additionally, voltage harmonic distortion at the
point of common coupling causes the inverter to back off its output to stay within grid code limits.

MPTS intervention quantified: IEEE 1547-2018 requires inverters to cease export if voltage THD
exceeds 5% at the PCC. A typical site running at 8% THD without MPTS correction causes the
inverter to derate or trip on high-THD events during peak solar hours. Industry measurements
from IEA PVPS Task 14 data indicate a 2-5% annual yield loss attributable to grid-quality events.
On a 1 MW solar array generating 1,400 MWh/year at $0.08 (R7.36)/kWh export value, 3% yield
recovery equals 42 MWh worth $3,360 (R57,720)/year - plus the avoided inverter maintenance
from reduced PWM stress at the output stage. Inverter manufacturers (SMA, Fronius, Huawei)
specify that each percentage-point reduction in output THD reduces IGBT junction cycling stress,
thereby extending the inverter's mean time between failures (MTBF) by approximately 2-4 years.
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5. Distribution Transformers Loaded with Dirty Power

This is where the physics is most brutal and unforgiving. A transformer's losses split into two
categories: no-load (core) losses from hysteresis and eddy currents, which are fixed; and load
losses from IR in the windings, which scale with the square of current. Harmonic currents add a
third term: stray load losses from eddy currents induced in the windings and structural parts by
harmonic flux, which scale as the harmonic order squared (h?).

The IEC/IEEE transformer harmonic loading standard (IEEE C57.110) defines the K-factor as K
= 2(l_h?x h?)/ Z(I_h?), where |_h is the harmonic current at order h. A clean sinusoidal load gives
K = 1. A nonlinear load with significant 5™- and 7th-harmonic content yields K = 4-13. A standard
transformer rated for K = 1 operating at K = 8 runs 15-25°C hotter than nameplate - and
transformer insulation life halves for every 6-8°C above rated temperature per the Arrhenius-
based model in IEEE C57.91.

MPTS intervention quantified: suppressing 5th, 7th, 11th, and 13th harmonic orders from a 15%
THD baseline to under 5% THD reduces the K-factor from approximately 8 to 1.5. This lowers
winding temperature rise by 12-18°C. On a 1,000 kVA distribution transformer with a 30-year
design life at rated temperature, that temperature reduction extends expected insulation life by
15-25 years, effectively doubling the asset's useful life. The avoided replacement cost of $40,000-
$120,000 (R680,000-R2,040,000) for a 1,000 kVA unit, plus installation) represents a substantial
capital deferral. Additionally, transformer load losses fall by 20-40%: a unit dissipating 8 kW of
load losses under dirty conditions may dissipate 5 kW under clean conditions, saving 26,280
kWh/year in losses - at $0.12 (R2.04)/kWh, that is $3,154 (R53,618)/year in reduced no-pay
losses that the utility must recover across its rate base.

6. Feeders, Cables, and Switchgear

Every yard of cable between the utility transformer and the client load carries harmonic currents
drawn by the load but not fully accounted for on the power bill. The neutral conductor is particularly
vulnerable: in a three-phase system with balanced fundamental currents, the neutral current
ideally cancels out. But triplen harmonics (3rd, 9th, 15th) are zero-sequence and add in the neutral
rather than cancel - a neutral sized for 100% of phase current may carry 170% of phase current
under high-THD conditions, violating its thermal rating continuously and silently.

Switchgear contactors, breakers, and bus bars experience accelerated contact erosion under
harmonic-rich current because zero crossings occur at higher di/dt, leading to more energetic arc
interruption at each switching event.

MPTS intervention quantified: eliminating triplen harmonics returns the neutral current to near
zero under balanced load. This eliminates neutral overloading, often allowing the utility to defer
upgrades to neutral conductors, a $50-$200 (R850-R3,400)/yard capital cost on MV feeders. The
I’R reduction of 30—-45% in the phase conductors - achieved through current reduction via PF
correction and harmonic elimination - translates directly into reduced heat, longer insulation life,
and the ability to carry additional load on existing infrastructure without conductor replacement.

Integrated summary

The table below consolidates the quantified positive impacts across all asset classes for a
representative mid-scale commercial or industrial installation (500 kW average load, 1 MVA
transformer, 500 kWh BESS, 500 kVA UPS, 500 kW genset, 250 kW solar):
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FRPON\WV=/
Asset Prlmary_ Annual operating saving Capital life extension
mechanism value
UPS Battery life, sizing ~$7,500 (R127,500)/cycle avoided 40% longer battery life

Charge efficiency, $100,000/cycle

BESS cell life ~$131,000 (R2,227,000/year deferred
GenSet Fuel, frame size, ~$7,800 (R132,600)/year + 20-30% longer
overhauls $60,000 (R7,020,000) CAPEX overhaul interval
Yield recovery, N 2-4 years extra
Solar PV MTBE $3,400( R57,800)/year inverter life
Transformer ~ -0SS reduction, ~$3,150 (R53,550)/year losses 15-25 years deferred
insulation life replacement
Feeders / I?R losses, neutral $5,000-$15,000 (R85,000- Avoids conductor
switchgear overload R255,000)/year upgrades
kVA tariff, demand $18,000-$36,000 (R306,000- , .
Demand loads charge R612,000)lyear Equipment longevity 1

The aggregate annual operating savings at this scale are comfortably in the $175,000-$210,000
(R2,975,000-R3,5670,000) range, with capital deferment benefits over a 10-year horizon
exceeding $500,000 (R8,500,000). An MPTS installation at this scale typically costs $200,000
(R3,400,000) fully installed, yielding a simple payback of approximately 12-24 months, before
accounting for the transformer and BESS lifespan extensions, which dominate the long-term value
picture.

Before MPTS/PMCS Installation, the power is inefficient, distorted, and rich in harmonics. The
supply input and demand output sensed reveal a poor impedance match, causing power losses.
The network is out of resonance, increasing instability, with poor-quality, distorted, harmonic-rich
power leading to higher thermal and electrical losses.

After MPTS/PMCS Installation, the impedance-matched supply input and demand output power
are tuned to maintain resonance and efficiency, reduce losses and harmonics, and deliver
optimized, stable, smooth power flow at peak performance, with improved reliability/redundancy.

In addition to maintenance, repair, and operational (MRO) savings, MPTS/PMCS typically yields
a 3-5-year payback on electrical utility bills and penalty savings from kW/kVA/kVAR and PF.
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