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Perspective - Performance First

In technology, it's generally easier to scale down performance rather than scale up because reducing
performance involves limiting resource usage, which is straightforward. For example, you can decrease
processing power by reducing clock speeds, limiting active cores, or constraining memory usage. This often
requires simple configuration changes without major redesigns.

Conversely, scaling up performance demands additional resources, more complex architecture, and often
significant hardware upgrades. It may involve optimizing software, enhancing cooling systems, and dealing
with power consumption limitations. These changes are more intricate, costly, and time-consuming, making
scaling up more challenging.

It's from this perspective of performance that we present Smart Electricity Optimizer. Our solutions span from
Three Phase in industrial & commercial to residential.
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Perfection is not
attainable, but if we
chase perfection we

can catch excellence.

~ Vince Lombardi
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The Why - The Problem

In the United States, according to the department of Energy, over $16 Billion worth of electricity is billed for but
goes unused. This a portion of the electricity billed to consumers, particularly in the commercial and industrial
sectors, accounts for reactive power—energy that doesn't perform useful work but is essential for maintaining
voltage levels in the power system. While residential customers typically aren't billed separately for reactive
power, businesses with equipment like motors and transformers may incur additional charges if their power
factor falls below certain thresholds.

Utilities often implement penalties or surcharges when a facility's power factor drops below a specified level
(commonly 0.90 or 0.95), indicating inefficient energy use. These charges are designed to encourage
consumers to improve their power factor, thereby reducing the strain on the electrical grid.

The Opportunity

This chart is not all inclusive but here is a breakdown of some building types in the US. Not even one percent
of the buildings in the US have

Category Estimated Count

Residential Units 147,800,000.00

Commercial Buildings 5,900,000.00
Industrial Buildings 1,000,000.00
Shopping Malls 46,437.00
Restaurants 900,000.00
School Buildings 98,000.00
University Buildings 43,000.00
Stadiums and Arenas 490.00
Office Buildings 4,000,000.00
Government Buildings 130,000.00
Retail Centers 68,000.00
Total 159,985,927.00
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The Combined Impact Advantage - 3 for 1

Combining Total Harmonic Distortion (THD) reduction with power factor correction can lead to significant
energy savings and operational cost reductions. This combination is the Smart Energy Optimizer advantage.
Most all other power correction devices do not address the combined impact and most of the previous
generation of power correction solutions only addressed power factor correction.

Surge Protection- add in surge protection and you have the 1-2-3 punch of THD + Power Factor + Surge
Protection.

So let's drill down!

Total Harmonic Distortion (THD) Reduction: High THD in electrical systems causes inefficiencies like
overheating, equipment stress, and energy losses. Reducing THD improves the lifespan and efficiency of
electrical devices, minimizing downtime and maintenance costs.

THD measures the distortion in an electrical signal caused by harmonics—frequencies that are
multiples of the fundamental frequency (typically 60 Hz in the US).

Analog power meters do a poor job of dealing with THD but the new digital meters are even worse
and this creates inaccurate calculation of what your true consumption is.

In a home or business microgrid, THD arises from non-linear loads like LED lighting, computers, and
variable speed drives. These devices draw current in irregular patterns, creating harmonics that
distort the voltage and current waveforms.

High THD can lead to issues like equipment overheating, reduced efficiency, flickering lights, and
even damage to sensitive electronics. It also strains generators and inverters in the microgrid,
reducing their lifespan.

Managing THD involves using filters, power conditioners, and maintaining balanced loads to minimize
harmonic generation and its impact.

Power Factor Correction: A low power factor indicates inefficient power usage, leading to higher utility
charges. Correcting the power factor reduces these charges, improves voltage regulation, and decreases
losses in the power distribution system.
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Combined Impact: When THD is reduced and the power factor is improved simultaneously, the system
experiences:

Lower energy consumption
Decreased equipment wear and tear
Reduced utility penalties

Enhanced overall electrical efficiency

These factors add up to substantial cost savings on energy bills and maintenance expenses over time.

Power Factor in Business & Residential

Big Impact - Business - Utility companies often charge higher rates during peak demand hours and for
customers with inductive loads due to the increased strain on the electrical grid.

Inductive Loads: Devices like motors, transformers, and industrial equipment create inductive loads, which
can cause a low power factor. A low power factor means inefficient use of electricity, leading to greater energy
loss in the grid. To compensate, utilities may impose power factor penalties or demand charges on customers
with significant inductive loads, encouraging them to improve efficiency with power factor correction equipment.

Peak Demand Hours: These are times when electricity usage is at its highest, typically in the morning and
evening when people are home. Supplying power during these hours is more expensive for utilities because
they may need to activate additional, less efficient power plants. To manage demand and encourage energy
conservation, utilities implement time-of-use pricing, charging higher rates during these periods.

Both strategies help utilities manage grid stability and incentivize efficient energy use.

Little Impact - Residential - In residential applications, power factor reduction isn't very impactful
because most household appliances have a relatively high power factor to begin with. Devices like
LED lights, refrigerators, and TVs are designed to operate efficiently with minimal reactive power.
Additionally, residential electricity bills are typically based on total energy consumption (kWh), not on
power factor. Unlike industrial or commercial customers, residential users are not charged for reactive
power, so improving power factor doesn’t lead to cost savings. Moreover, the scale of reactive power
in homes is too small to significantly affect the overall efficiency of the electrical grid.
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Drilling Down Even Further

“Ok - if you are still with us you might be a person with an inquisitive mind or just an “electricity geek” We will
follow the same drill down: less technical to more technical. The further down you go, the more of an “electricity
geek” you are. (Geek is an affectionate term, a badge of honor)

Analogy: The Rowboat on a River

Imagine you're rowing a boat across a river that also has a current flowing sideways.

e Your goal is to move straight across the river to the other side.

e But because of the sideways current, you must row at an angle.

REAL POWER
REACTIVE POWER

(Real Power)

(Apparent Power)

ANALOGY: ROWBOAT ON A RIVER

Current)
—>

=» O &

FORWARD MOTION SIDEWAYS DRIFTING TOTAL EFFORT

4 REAL POWER (@ REACTIVE S APPARENT
(P) POWER (Q) POWER (S)

Gets you across the river ~ Moves you side-to-side  Combination of both



Here's what each power type represents:

Element

Forward motion

Represents

Real Power (P)
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What it does

Gets you across the river — useful
work

Sideways drifting

£=JReactive Power (Q)

Moves you side-to-side — doesn’t get
you across, but affects your rowing

Total Effort

> Apparent Power (S)

The actual direction/force you're
rowing — combo of both

Even though the sideways force (Q) doesn’t help you reach the other shore, you still have to
exert energy to counteract it. That's why utilities care about reactive power—they still have
to supply and manage it even if it doesn't show up on your light bulb.

Quick Summary:

e Real Power (Watts) = Useful work done (turning fans, heating, lighting).

e Reactive Power (VARs) = Needed to create electric/magnetic fields (motors, coils).

e Apparent Power (VA) = Total power drawn from the source.
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Advanced Technical Explanation

Real Power vs. Reactive Power

Real Power (P) — Measured in Watts (W)

e Definition: Real power is the actual power consumed by devices to do useful work—like turning
a motor, lighting a bulb, or heating a coil.

e What it does: Converts electrical energy into mechanical work, heat, or light.

e Represented as: P and calculated using:
P=VIcos(¢)P = VI \cos(\phi)P=VIcos(¢)
where:

o VVV =voltage

o |ll = current

o ¢\phip = angle between voltage and current (power factor angle)

® Example: A 100W light bulb uses 100 watts of real power to produce light and heat.

Power Type Symbol Measurement Role

P
Real Power Watts (W) Does actual work
_ C VAR :
Reactive Supports voltage/magnetics
Power
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Apparent S VA Total supplied power
Power

Reactive Power (Q) — Measured in Volt-Amps Reactive (VAR)

Definition: Reactive power is the power that oscillates between the source and the reactive
components (inductors and capacitors) in the circuit.

What it does: It does not perform useful work but is essential to maintain the voltage necessary
for real power to flow.

Represented as: Q and calculated using:

Q=VIsin(¢)Q = VI \sin(\phi)Q=VIsin(¢)

Example: An electric motor has coils (inductors) that store energy in magnetic fields. That
energy is needed to magnetize the core but isn’t consumed—it cycles back and forth.

Apparent Power (S) — Measured in Volt-Amps (VA)

Definition: The combination of real and reactive power. It's the total power supplied by the
source.

Formula:

S=P2+Q2S = \sqrt{P"2 + Q*2}S=P2+Q2
or

S=VIS = VIS=VI

Why It Matters

Power Factor: The ratio of real power to apparent power. Low power factor means more
reactive power, leading to inefficiency.
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e Utility Billing: Industrial customers may be charged for poor power factor because it stresses
the grid.

® Grid Stability: Reactive power is essential to regulate voltage levels on transmission and
distribution systems.

Diagram: Power Triangle

The Power Triangle visually represents the relationship between Real Power (P), Reactive Power (Q), and
Apparent Power (S):

I\
|\
|\
Q | \ S (Apparent Power)
(Reactive)| \
|\
| \
P
(Real Power)

Key:
e P (Real Power) — Horizontal leg (W)
¢ Q (Reactive Power) — Vertical leg (VAR)

e S (Apparent Power) — Hypotenuse (VA)

The Power Factor is the cosine of the angle between P and S:

Power Factor=cos(¢)=PS\text{Power Factor} = \cos(\phi) =
\frac{P}{S}Power Factor=cos(¢)=SP
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Power Triangle: Real vs Reactive vs Apparent Power

Real Power (P)

Reactive Power (Q)
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