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Introduction

Basic Power conducts power quality surveys to better understand the system in order to prescribe
solutions to existing power quality issues. This document explains the methodology and the specific
reasons for certain measurements. In short, this is a detailed guide to understanding power quality
issues and ways to identify them in your system.

Pre-Screen Process

Starting off with basic information, we need to know the location, the type of operation,
ownership, and age of the building.

The operation type of the building is an important piece of information because we can make early
assumptions judging strictly on the expected technologies within the system. For example, an office
building would have large inductive motor loads from the HVAC system and elevators while a
supermarket would focus more on just HVAC.

The building’s age is also important to us because we realized that older buildings are under-
engineered due to the change in load-types throughout the years. Perhaps during the building’s
early ages, the specifications met some standards, however, with newer inductive and nonlinear
loads, we expect those same wiring specifications to perform poorly.

Afterwards, we will request documents that help us profile the power quality of the site.
List of Documents:
- Power Quality Measurements

Energy Consumption Bill

Line Diagram

List of Recent Changes or Upgrades

Transformer Specifications

Grounding Test Results

Previous or Existing Filter Specification (if applicable)

Previous or Existing Capacitor Bank Specification (if applicable)

To begin, we’d like to know if power quality measurements were made. If we have this information
and deem it useful for our analysis, then we’ll use this information to diagnose the problem.
However, from our experience, power quality reports we receive are often short and missing
necessary information for a proper diagnosis, so we prefer performing our own power quality
measurements. More details on the power quality report later.

The energy consumption bill is usually the most readily available document for most facilities.
Depending on the provider, we can extract some surface level information about the power quality.
The important values are real power (kWh), apparent power (kVA), and reactive power (kVAr).
From these values, we can calculate the current output of the system, power factor, and estimate the
losses. Although the electricity bill reports these values, they are often an average over the course of
the month, which isn’t an accurate depiction of the actual energy profile.
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The line diagram is a schematic of the site that we can use to identify potential problems and areas of
interest. For example, in large industrial plants, variable frequency drives (VFDs) are used in
conjunction with motors to save energy. However, VFDs are switch-type controllers, meaning that it
will connect and disconnect energy at high speeds to control the speed and orientation of the motor.
This switching mechanism causes transients as well as harmonic issues within the motor. Almost all
inductive motors behave with a dependency on the harmonic frequency. Suppose the negative
direction is considered as a counter-clockwise signal while the positive direction is considered as
clockwise signal. The 5th order harmonic determines the negative direction while the 7th order
harmonic determines the positive direction. When the AC waveform becomes nonlinear due to the
VEDs, both signals of positive and negative from the 5th and 7th harmonic are sent to the motor.
This causes the motor to stutter or vibrate, at times even completely lock up. Although VFDs can
save energy, it can build up harmonics within the system and end up damaging the motor itself. The
line diagram gives us an idea of where to measure to identify potential problems.

Similar to the point above, we’d like to know about any recent changes to the system. Perhaps a
newly added VFD is causing the motor to stagger during its operation. Sometimes adding an
additional inductive load without proper reactive power compensation can reduce the overall power
factor which increases energy loss through the wires, transformers and motors. The efficiency of the
system decreases as the power factor decreases, so it’s best to maintain a high power factor.

Another detail we need in the pre-screening process is the operation hours of the building. If the site
appears to be steady across the week, we’ll most likely conduct a simple 24-hour power quality
survey for an accurate energy profile. However, if the operation varies throughout the course of the
week, we’d like to conduct a 7-day power quality survey to accurately capture the energy profile of
the site. Through this method, we can calculate a proper solution that fits the operation demands.

The rest of the documents on the list is for us to calculate potential energy savings from the solutions
we plan to propose. This way, as the client, you can make an informed decision from all the
information we extract from these documents.

The following chart displays the status of the pre-screening documents as of Wednesday, October 11,
2023:

Available Documents Missing Documents
* Energy Consumption Bill * Line Diagram
* Power Quality Measurements * Transformer specifications

* Grounding test results
* Previous or existing filter(s) information
* Capacitor bank(s) information
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Based on the information we receive from the pre-screening process, we will decide on which
locations to measure and what to look for. Before we conduct any measurements, we first scout the
location to identify the characteristics of the operation. For example, if an office building is heavily
using its HVAC system or lights throughout the day, we can note that in our initial scout. During this
procedure, we’ll take a look at a few things:

- Wire gauge in the main distribution panel
- Existing equipment failure
- Major load areas

The importance of wire gauge specifications within the building is that it can contribute to the losses
of energy within the wire. For larger wire gauges, there’ less resistance, resulting in more efficient
energy transmission from point A to point B. However, older buildings were engineered for smaller
and less complicated loads, so the resistance of the wires are probably not optimal for today’s
standard. This information helps quantify the energy losses and allows for energy savings
calculations.

If there were any recent equipment failures, we’d like to know about it. Depending on the load-type,
we can use it as supporting evidence when determining the main cause of these issues. If the equip
was old, internal components might have been the cause of the failure. However, if newer equipment
continuously fails, it is most likely the cause of poor power quality.

In the analysis, we’d like to measure the major load areas to generate a proper energy profile of the
building. Suppose the main issues only account for half of the total energy profile, then any
adjustments or fixes will at most account for half of the total energy profile. However, for us to
quantify the amount, we’d need to know the main loads of the establishment and where to measure
them.

Depending on the situation, we’ll offer a 24-hour or 7-day power quality measurement. This process
will document the real power (kWh) consumed, as well as the reactive (kVAr) and apparent power
(kVA). This process will also record the power factor, any transient events, sags/swells within the
system, harmonic contents, etc. During this time, maintain the same level of operation as if the device
was absent.
After receiving this data, our engineers will process the information and evaluate the situation. The
processed data will be summarized in detail with the recorded findings from the meter. The report will
contain the following content:

- Voltage

- Current

- Power (kWh, kVAr, kVA)

- Power Factor

- Frequency

- Waveforms

- Harmonic Distortions

- Sags/Swells

- Transient Events
Since the report is designed to educate the client on issues that they may not be aware of, the engineers
will explain and provide a power quality solution to those problems.
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Power Quality Report Summary

Measured Report Details

During the 20 hour power quality survey, we measured an active power of 28 kW. According to
our findings, the apparent power (kVA) is 31 which is below the installed capacity and not causing any
problems.

We detected no voltage unbalance of any concern or cases of current imbalance, which is good.
In accordance with GB/T 15543-2008, the standard for current unbalance is anything below 30%. The
measured current unbalance is on average 21.01%. As for the voltage unbalance, the allowable standard
limit is 2%. We measured a 0.38% voltage unbalance which passes the regulation standards of the GB/T
15543-2008.

There were no anomalies detected with the frequency and the measured deviation of the frequency
is within the standard limit of +0.20 Hz according to the GB/T 15545-2008.

During this power quality survey, we did not observe any concerning voltage harmonics and all
measurements comply with the IEEE 519 standard.

Phase A: Phase B: Phase C:
There are no harmonics of major  There are no harmonics of ~ There are no harmonics of
concern major concern major concern

During this power quality survey, we measured the following harmonic currents that are
considered too high according to the IEEE 519 standard:

Phase A: Phase B: Phase C:
- HO3 at 27.44% -HO03 at 17.85% -HO03 at 21.8%
- HOS at 15.31% - HOS at 9.18% - HOS at 13.2%
- HO7 at 9.72% - HO7 at 6.26% - HO7 at 8.63%
- HO09 at 3.87% - HO09 at 2.22% - HO09 at 3.83%

According to the report, voltage no triggered events were detected during the power quality survey. This
snapshot indicated a trigger in Phase . Transients could be a result of switching events, such as capacitor
bank switching, operation startup, surges, etc.
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Voltage Harmonic Distortions
During this power quality survey, we did not observe any concerning voltage harmonics and all
measurements comply with the IEEE 519 standard.

Phase A: Phase B: Phase B:
There are no harmonics of major There are no harmonics of ~ There are no harmonics of
concern major concern major concern
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Displayed above is the harmonic content measured with your system. The measure harmonics are within
IEEE 519 standards and should not harm the operation and its equipment.
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The graph above shows the voltage value as a percent of the total voltage measured, which in this case is
121.13V. Again, as you can see, there are no dangerous harmonics within your system.
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Using the harmonic data, we can recreate the voltage waveform. Since the harmonic values change
throughout the measurement, the following waveform is an illustration of the waveform based on
the average harmonic content.
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Suppose we remove the small amounts of harmonic we measured, the resulting waveforms (on the right)

would resemble near perfect sine waves.
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The graph above shows the voltage per phase. As you can see, the voltage levels are more balanced
due to correcting the voltage harmonics. In fact, this is a direct cause in reducing the current
harmonics, which extends the life of your motors and other electronic equipment.
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Current Harmonic Distortions

During this power quality survey, we measured the following harmonic currents that are
considered too high according to the IEEE 519 standard:

Phase A: Phase B: Phase C:
- HO3 at 27.44% -HO3 at 17.85% -HO03 at 21.8%
-HOS at 15.31% - HOS5 at 9.18% -HOS5 at 13.2%
-HO07 at 9.72% -HO7 at 6.26% - HO7 at 8.63%
-HO09 at 3.87% -HO09 at 2.22% - HO09 at 3.83%
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As you can see, the 3rd, 5th, 7th and 9th harmonic is high relative to the other voltage harmonics.
Having high voltage harmonics can cause extra load consumption since the peak voltage with harmonics
will be greater. Another common harmonic issue is that it will cause voltage unbalance between the
phases. The motor's life span will reduce as a result due to either overloading or irregular voltage signals.
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The graph above shows the current value as a percent of the total current measured, which in this case
is 97.5A. Again, as you can see, the 3rd, 5th, 7th and 9th harmonic is the highest harmonic in the
system.

Current Harmonic (%)
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Using the harmonic data, we can recreate the current waveform. Since the harmonic values change

throughout the measurement, the following waveform is an illustration of the waveform based on
the average harmonic content.
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Suppose we remove the small amounts of harmonic we measured, the resulting waveforms (on the right)
would resemble near perfect sine waves.
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Graph above shows the difference in current between the peak current with harmonics and the without

harmonics. It appears that the filtered harmonic current is higher due to some resonance in the
harmonic current.
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Power of the System

Within the 20 hour measurement, we collected data on the system's active, reactive and apparent
power.

kW Consumption
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The kW consumed every hour is averaged to be 28 kWh. This is an energy value drawn from the
load of the system. However, this value also includes the inefficient energy drawn due to losses and
harmonics. Suppose kW is an amount of water and the load is drawing that water from a source, if there
are leaks within the pipes or turbulance affecting the current, the efficiency of the system decreases.The
importance of power quality is that it could increase the efficiency of the system and reduce unnecessary
losses within the system.

kVAr Consumption
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The maximum kVAr absorbed or returned by the load is 1 kVAr. This value represents the total
power absorbed by the load or returned to the utility. To understand reactive power more clearly, let's
first establish the relationship between reactance and reactive power. Reactive power is directly
proportional to reactance with the current being theproportionality constant. If we lower the reactance
of the load, we can lower the kVAr of the load as well. Later in the Power Factor section, we'll discuss
the importance of reducing this value.
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kVA Consumption
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The total kVA consumed by the load is 31 kVA. This value represents to total power flowing, both
power used by the load and absorbed/returned. In other words, kVA is the result of both the kVAr and
kW. This relationship can be further explained with a power triangle.

Power Factor

4
35 On the left is a power
triangle, which illustrates the
3 . .
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15 o .
B> utility companies charge a flat
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05 expected power distributed
and returned. However, if the

0 0 kW ,o load overdraws this dedicated

amount, the utility company will charge penalty fees. A good indicator on the system's load is a ratio
called the power factor. It is the ratio of the real power to the apparent power. It can also be used to
determine the phase angle, which is important to balance to prevent harmonics.

The average power factor of the system during regular operation times is 92.29%. To improve
this value, either decrease kW consumed by the load or decrease kVA by reducing the kVAr needed in
the system. Improving the power factor will improve the efficiency in power flow within the system. As
a result, it can also reduce energy losses within the wires and the transformer. This will also reduce
some harmonics, however, since a kVAr compensation solution doesn't necessarily tune into a specific
harmonic frequency, the harmonics may still persist, but at a slightly less damaging amount. To reduce
a significant portion of the harmonic distortions, you will need a harmonic filter tuned to the highest

harmonic frequency in the system.
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The following graph is the measured power factor at each phase of the system. As you can see,
there's an uneven load in the phases, causing the power factor to vary per phase.

Power Factor
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Suppose we correct the power factor to 95%, this would reduce the following values:

Old kVAr =~ NewkVAr Old kWh R New kWh
1 kVAr 0 kVAr 28 kWh 28 kWh
Old kVA R New kVA
31 kVA 31 kVA
12
1
0.8
0.6
0.4
0.2
0
0 28

As shown above, there is a change in the power triangle. The green represents the old power
triangle with its kVAr, kW, and kVA. The orange is the new power triangle, noticeably smaller than the
previous power triangle. This illustration shows the reduction of energy consumed by the system
simply due to changes in the power factor.
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Triggered Events

The following report is conducted with triggers, meaning if the conditions are met, a snapshot of

the energy profile will be taken.

Of 0 total VOLTAGE SAGS
CRITERIA PHASE CATEGORY

Of 0 total VOLTAGE SWELLS
CRITERIA PHASE CATEGORY

Of 0 total VOLTAGE INTERRUPTIONS
CRITERIA PHASE CATEGORY

Of 0 total VOLTAGE TRANSIENTS
CRITERIA PHASE

DATA

DATA

DATA

DATA

DATE/TIME

DATE/TIME

DATE/TIME

DATE/TIME

According to the report, voltage no triggered events were detected during the power quality survey.
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Engineer Summary

During the power quality survey, we observed that the 3rd, 5th, 7th and 9th current harmonic is
high relative to the other current harmonics. The current harmonic distortion is too high
according to the IEEE 519 Harmonic Standards. The excess current from the drives in the
arcade are increasing current draw and heat in the system. These harmonics can migrate to
neighboring loads, causing premature failure in certain drive equipments. Having high current
harmonics can cause extra load consumption since the peak energy with harmonics will be greater.
Another common harmonic issue is that it will cause current unbalance between the phases. The motor's
life span will reduce as a result due to either overloading or irregular voltage signals. It is
recommended that you install a harmonic filter at the line side of the load to mitigate the harmonic.

Based on the measurements, the site has a power factor of 92.29%. This is good and
improvement is optional.

According to the report, no voltage triggered events were detected during the power quality survey.

Engineer Proposal

We recommend to our distributor and client to install an active filter at the distribution after the
step-down transformer in the arcade section. The 480V substation feeds into a step-down
transformer into a three-phase 208/120V distribution panel. There is limited space in that electrical
room, so mounting it in a different area and feeding it to the 208/120V distribution will most likely be
the best approach. One filter for each transformer since there are two step-downs from the double fed
substation - resulting a in total of two active harmonic filters.

Engineer Contact Information
Cedric Wang, Electrical Engineer

Phone: 646-595-6236
Email: Cedric@BasicPower.Energy
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