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Harmonic Analysis ïKnowing the Basics Is Essential

- Summary of Presentation -

Harmonic analysis tools such as ETAP, EasyPower, CYME, SKM, PSCAD, and others are indispensable tools that aid engineers withthe evaluation 
and mitigation of the negative impact of non-linear loads on industrial and utility power systems. However, when these tools arepresented with 
bad input data or the program output is interpreted improperly, they lead to incorrect system design. Starting at Ohms Law and the creation of 
equivalent circuits, this presentation demystifies the topic of harmonics, harmonic resonance, and harmonic filtering. It provides the 
ŦǳƴŘŀƳŜƴǘŀƭ ƪƴƻǿƭŜŘƎŜ ǘƘŀǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ǇŜǊŦƻǊƳ ƘŀǊƳƻƴƛŎ ŀƴŀƭȅǎƛǎΣ ǘƻ Řƻ άōŀŎƪ-of-the-ŜƴǾŜƭƻǇŜ ŎŀƭŎǳƭŀǘƛƻƴǎέΣ ƛƴǘerpret 
harmonic reports, and evaluate mitigation strategies.

After completion, the attendees will understand how harmonic studies are conducted, what harmonic are, where they come from, what 
harmonic resonance is, their impact on the power system, harmonic filtering, harmonic current amplification, and much more. The attendees 
acquire the necessary knowhow to verify and evaluate vendor recommendations, harmonic analysis reports, and filter designs. The presenter 
encourages discussion and questions on such topics as input data, extent of modelling, impedance data, harmonic load modeling, modeling of 
stray  capacitance, 519 compliance, harmonic measurement procedures, interharmonics, and non-characteristic harmonics, data validation, 
model validation, filter design, resonance, and interpretation of program outputs an more.

If you are involved with the application of non-linear loads (rectifiers, LCI drives, ASD/VFD drives, active-front-end drives, high-ǇǳƭǎŜ ŘǊƛǾŜǎΣ άL999 
рмф /ƻƳǇƭƛŀƴǘέΣ /ȅŎƭƻŎƻƴǾŜǊǘŜǊǎύΣ ƘŀǊƳƻƴƛŎ ŦƛƭǘŜǊǎΣ ƻǊ ǇƻǿŜǊ ŦŀŎǘƻǊ ŎƻǊǊŜŎǘƛƻƴΣ ŎƻƴǎƛŘŜǊ ŎƻƳƛƴƎ ǘƻ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛǾŜ ǇǊŜǎŜƴǘŀǘion by a leading 
industry expert.
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Harmonic Analysis ïPresentation Outline
Corporate Introduction (5 Minutes to 10 Minutes) ςPlease consider having Procurement attend the portion of the presentation. 

Å b9t{LΩǎ tǊƻŘǳŎǘǎ ŀƴŘ {ŜǊǾƛŎŜǎ
Å Medium-voltage metal-enclosed reactive compensation products
Å Services

Å Studies
Å Maintenance / startup and commissioning services

Å Breaking the package
Harmonic Analysis ςKnowing the Basics is Essential

Å Why perform harmonic analysis
Å Steps to conducting harmonic analysis
Å Harmonic current sources
Å Analysisbasics

Å Simplesystem(sourceimpedance+ transformer)
Å EquivalentCircuit
Å Calculationof harmonicvoltageandcurrentdistortion (ohmslaw)
Å Impedancescanandinterpretation

Å SimpleSystemwith additionof capacitance
Å Equivalentcircuit
Å Impacton ImpedanceScan

Å Resonanceandimpactto voltagedistortion
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Harmonic Analysis ïPresentation Outline (Continued)

Harmonic Analysis ςKnowing the Basics is Essential (continued)
Å Tuning around resonance ςcan it be done?
Å Interpretation of impedance scan

Å Sensitivity analysis (short circuit level, component tolerances, etc.)
Å Harmonic current amplification

Å Adding capacitors as harmonic filters 
Å Equivalentcircuit
Å Impacton impedancescan
Å Impacton voltageandcurrentdistortion

Å Tuned versusde-tuned capacitorbanks
Å Multi-tuned harmonic filter banks

Å Resonance concerns
Å Sequence of operation

Å Other types of filters (C-HP, HP)
NEPSI Resources

Å Webpage (spreadsheet tools, calculators, product literature, guide-form specifications, how-to-videos, and more)
Å Reactive power working sessions

Questions/Answers
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Background of Presenter
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Paul B. Steciuk is president and co-founder of Northeast Power Systems, Inc. (NEPSI), the leading

global supplier of medium-voltage metal-enclosed power capacitor banks and harmonic filter

systems. Mr. Steciuk has grown the company and provided engineering and product support to owners

and operators of small and large industrial, commercial, renewable, and utility power systems through

NEPSI for over 20 years.

With over 30 technical articles and white papers to his credit, Mr. Steciuk is an expert in harmonic

analysis, filter design and application, power system analysis, and manufacturing design.

Mr. Steciuk has previous experience as a power system engineer at Power Technologies, Inc. (PTI),

located in Schenectady, NY where he was responsible for various power system studies including

system-wide voltage sag studies, harmonic analysis and filter design studies, load-flow, short-circuit,

protective coordination, and transient analysis studies.

He also worked as an application and design engineer at Commonwealth Sprague Capacitor, Inc. (CSCI), located in North Adams,

MA. designing and developing low voltage automatic power factor correction equipment and harmonic filters.

Born in Troy, NY, Mr. Steciuk received his B.S. and M.E. degrees in Electric Power Engineering from Rensselaer Polytechnic

Institute (RPI), Troy, NY.



Å Established in 1995

Å Based in Queensbury, NY

Å Key products designed and manufactured by NEPSI

Å Medium-voltage metal-enclosedproducts (2.4kV ï38kV) 200 kV BIL Max

Å Shunt Power Capacitor Banks (capacitive vars)

Å Harmonic Filter Banks

Å Shunt Reactor Banks (inductive vars)

Å Hybrid Shunt Capacitor & Shunt Reactor Banks

Å actiVARÊïFast Switching Capacitor Banks/Harmonic Filter Banks (2.4kV ï13.8kV) for motor 

start ïan alternate to large VFD drives and RVSS

Å Medium Voltage Surge Protection Products

Å RC Snubbers

Å Motor Surge Protection

Å Medium-Voltage Transient Voltage Surge Protection

Å Service

Å Startup | Commissioning | Maintenance 

Å Power System Studies

Å Harmonic Analysis, Power Factor, Motor Start 

NEPSI - Background
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Background

Large Harmonic Filter System 1 of 2 (1-line to follow)
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Large Harmonic Filter Systems Designed & Manufactured by NEPSI
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Large Harmonic Filter One-Line Diagram

Background

Large Harmonic Filter System 2 of 2
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ÅMining (copper, gold, diamond, oil sands, limestone, lithium, rare earth metals)

ÅRenewable energy (wind & solar power )

ÅOil/Gas, Petro-Chemical

ÅElectric Utilities (large IOUôs, electric cooperatives, municipalities)

ÅSteel

ÅPulp & Paper

ÅInstitutions (hospitals, universities, military bases, data centers, financial institutions)

ÅPrivate LabelïSupplier of product to nearly all of the  ñmajorsò

ÅOthers 

Åsemiconductor, scrap recycling, pharma, waste water

NEPSI Sells Into All Major Markets
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With an installed base of over 2000 systems over the last 24 years (more than 140 in mining and 800 in Oil/Gas) 

NEPSIis the leading world supplier of medium -voltage metal -enclosed capacitor banks and harmonic filter banks

NEPSI also brand labels for ABB, GE, Schneider, Eaton and other large electrical brands

Largest Installed Based On The Globe

North & Central America South America Africa, Asia, Europe, Australia
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Configuration Options ïMetal-Enclosed / Open-Air

When all costs are considered, including engineering & procurement, integration, site preparation, installation, commissioning, 

maintenance, and liability, the Metal-Enclosed configuration provides the lowest cost of ownership

Open-AirMetal-Enclosed

This presentationcontains confidential and privileged information for the sole use of the intended
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Metal-Enclosed Configuration

Metal-enclosed laser focused, elegant solution that avoids the complex, ancillary 

requirements (and associated costs) of local and national building codes inherent with the 

e-house configuration.  

The streamlined approach to power-factor correction and harmonic filtering.

E-House Configuration
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Configuration Options ïMetal-Enclosed / E-House
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Harmonic Analysis

Harmonic Analysis 1

Knowing the Basics is Essential

Technical PresentationPresented by Paul Steciuk
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Why Perform Harmonic Analysis?

Harmonic Analysis 2

Å Determine compliance with harmonic standards (IEEE 519)

Å Existing systems under expansion or change

Å New facilities

Å Calculation of: Voltage Distortion | Current Distortion

Å Evaluate resonance concerns

Å Due to the addition of shunt power capacitors

Å Due to cable capacitance (windfarm collector system resonance)

Å Evaluate filter design & performance
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Steps in Performing Harmonic Analysis & Filter Design Studies

Harmonic Analysis 3

Create System 
Model

Impedance Data

Harmonic Injection
Data

(by measurement)
(by calculation)

Capacitor Banks / 
Line | Cable
Capacitance

Validate System 
Model

Load Flow Analysis

Short Circuit 
Analysis

Basic Calculation 
Methods

Comparison with 
Measurement Data

Impedance Scan 
Analysis

Determine Resonance 
Frequencies

Determine Sensitivity 
of System to Change

Confirm Filter Design

Calculate 
Distortion

Current Distortion at 
PCC

(IEEE 519)

Voltage Distortion 
Throughout Facility

Filter Design

Type of Filter,  
Rating, # of Steps, & 

Performance

Determine Filter 
Parameters

Equipment 
Requirements

Disconnecting
Switching Protection 

Control

Spec Development

Harmonic 
Analysis Report

Report Findings

Report Input Data & 
Assumptions

Filter Design/Spec
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What are Harmonics? - Background

Harmonic Analysis 4

Linear loads

Å Impedance is constant with the applied voltage

ü Resistive heaters

ü Incandescent lights

Non-Linear Loads

Å Impedance changes with applied voltage

ü Variable frequency drives (VFDôs/AFDôs)

ü Cycloconverters 

ü LCI drives

ü Rectifiers 

ü Arc furnace and arc welding equipment

Linear load Waveform

Current waveform looks like the 

voltage waveform

Current does not look like 

the voltage waveform

Non-Linear load Waveform
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Equivalent Circuit ïWhat the Program Does

Harmonic Analysis 5

Å Above equivalent circuit shows ohms at 13.8kV and 60Hz

Å Can also be done using Per Unit System

Å There is one impedance network for each harmonic

Å Remember: ὢ Ὦς“Ὢὒ& ὢ
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IEEE 519-2014, Voltage Distortion Limits at Point-of-Common 

Coupling (PCC)

Harmonic Analysis 5
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Eq. Circuit



IEEE 519-2014, Current Distortion Limits at Point-of-Common 

Coupling (PCC)

Harmonic Analysis 5
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IEEE 519-2014, Current Distortion Limits at Point-of-Common 

Coupling (PCC) - Continued

Harmonic Analysis 5
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