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Background of Presenter

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.

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.
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Toquepala Mine, Peru, 3500 Meters, 27.256 MVAR Each (54 MVAR Total, 2 Banks), 34.5kV, 200kV 

BIL4-Stage Expandable to 6 Stages, All Switching, All Protection, All Control 
2020



• Established in 1995

• Based in Queensbury, NY

• Key products designed and manufactured by NEPSI

• Medium-voltage metal-enclosed products (2.4kV – 38kV) 200 kV BIL Max

• Shunt Power Capacitor Banks (capacitive vars)

• Harmonic Filter Banks

• Shunt Reactor Banks (inductive vars)

• Hybrid Shunt Capacitor & Shunt Reactor Banks

• actiVAR™ – Fast Switching Capacitor Banks/Harmonic Filter Banks (2.4kV – 13.8kV) for motor 

start – an alternate to large VFD drives and RVSS

• Medium Voltage Surge Protection Products

• RC Snubbers

• Motor Surge Protection

• Medium-Voltage Transient Voltage Surge Protection

• Service

• Startup | Commissioning | Maintenance 

• Power System Studies

• 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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• Mining (copper, gold, diamond, oil sands, limestone, lithium, rare earth metals)

• Renewable energy (wind & solar power )

• Oil/Gas, Petro-Chemical

• Electric Utilities (large IOU’s, electric cooperatives, municipalities)

• Steel

• Pulp & Paper

• Institutions (hospitals, universities, military bases, data centers, financial institutions)

• Private Label – Supplier of product to nearly all of the  “majors”

• Others 

• semiconductor, scrap recycling, pharma, waste water

NEPSI Sells Into All Major Markets

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.

Solar Wind Petro MiningUtilityChemical Pulp/Paper



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

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

NEPSI also brand labels and Supplies to Many of the Major Electrical OEM’s

Largest Installed Based On The Globe

North & Central America South America Africa, Asia, Europe, Australia

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



Configuration Options – Metal-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 presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



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

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.

Configuration Options – Metal-Enclosed / E-House



This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.

Houston CED Seminar – Topics Covered

Major Topics Covered

• Power Factor

• Harmonic Analysis

• Harmonic Filter Design

• Starting Motors With Capacitor Banks

• More…

Please Ask Questions
Any Question Related To Medium- and Low-Voltage Reactive Compensation, 

Associated Equipment, Control, Protection, and Related Studies
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Power Factor and Power Factor Correction

Knowing It and Understanding Why We Should Care About It
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Definition of Power Factor (PF)

• Power Factor is the ratio of real power (P) to apparent power (S)

• Power Factor is the cosine of the phase angle (𝜃) between current and voltage

• Power Factor is the cosine of the impedance angle (𝜃) 

𝑃𝑜𝑤𝑒𝑟 𝐹𝑎𝑐𝑡𝑜𝑟 𝑃𝐹 =
𝑃𝑜𝑤𝑒𝑟 (𝑘𝑊)

𝐴𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑃𝑜𝑤𝑒𝑟 (𝑘𝑉𝐴)
= cos 𝜃

+jXL

R

Load

+j
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Power Factor – Common Analogies
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Electric Power and Power Factor Basics

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.

• Electric Power = Voltage X Current

• Current is in phase with voltage in a 

resistor

• Current lags voltage in an inductor by 90º

• Current leads voltage in a capacitor by 90º

• ELI the ICE man

𝑃𝐼𝑁𝑆𝑇 = 𝑉𝐼𝑁𝑆𝑇 × 𝐼𝐼𝑁𝑆𝑇 (WATTS)

The phase shift between voltage and current and the impact on 

power delivery is the basis of power factor

Average 
Power = 0.00

-1.5

-1

-0.5

0

0.5

1

1.5

Power Factor = 0.0 | Voltage, Current, Power

Voltage Current Instantaneous Power Average Power

Partially Inductive

& Resistive 

Load (R + jXL)

(MW + jMVAR)

Partially Capacitive

& Resistive

Load (R-jXC)

(MW – jMVAR)

Purely Capacitive 

Load Xc

KVAR/MVAR

(Capacitive)
KVAR/MVAR

(Inductive)

Purely Inductive

Load (XL)

Purely Resistor

Load (R)

KW/MW



Complex Power – The Power Triangle

• The power triangle shows the relationship between real (P), reactive (Q), and 

apparent (S) power.

• Complex power or apparent power (S) – Units of Volt-Amps or KVA, MVA

• Real Power (P) – Units of Watts, KW, MW, HP 

• Real component of complex power

• Reactive Power (Q) - Volt Amperes Reactive (VARs, KVAR, MVAR)

• Imaginary component “j” of complex power



P

Q
L

S

S

P

Q
C



Capacitive 

Load
Inductive

Load
+j

-j
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Power Factor (PF) – Some Trigonometry

• From the power triangle it can be seen that

PF = P / S = cos 

• Power factor angle is thus given by

 = cos-1(P / S)

• For a pure resistance,  = 0º

• For a pure inductance,  = 90º

• For a pure capacitance,  = -90º



P

Q

S

cos 𝜃 =
𝑃

𝑆
sin 𝜃 =

𝑄

𝑆
tan 𝜃 =

𝑄

𝑃
𝑆2 = 𝑃2 + 𝑄2
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Power Factor (PF) – More Terminology

• Power factor is expressed as a number between 0 to 1.0 

(or as a percent from 0% to 100%)

• Power factor is also said to be “LAGGING” or 

“LEADING” (i.e. 0.8 lag, or 80% lag)

• Power factor is also said to be “INDUCTIVE” or 

“CAPACITIVE”

+jXL Associated With

Inductance

Capacitance (C)

Inductance (L)

-jXC Associated With

Capacitance

The Same
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(PF=1), Unity Power Factor

• If PF = 1, then  = 0º and Q = 0

• The load is purely resistive

• The circuit is not Lagging or Leading

P=S

 = 0° Q = 0

Purely Resistor

Load (R)

KW/MW
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(PF = 0), Lagging, Purely Inductive Load

• If PF = 0, and circuit is Lagging, then  = +90º and P = 0

• The load is purely inductive

P = 0

S

Q



P

VARcap

Q=S

+j

 =  +90°

KVAR/MVAR

(Inductive)

Purely Inductive

Load (XL)

Shunt Reactors
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(PF = 0), Leading, Purely Capacitive Load

• If PF = 0, and circuit is leading, then  = -90º and P = 0

• The load is purely capacitive

 = -90°
P = 0

S

Q



P

VAR
capQ=S

-j

Purely Capacitive 

Load Xc

KVAR/MVAR

(Capacitive)
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Typical Lagging Power Factor of Industrial Plant



Q

S
VAR

ind

P

( > 0º) 

Partially Inductive/Resistive 

Load (R + jXL)

(MW + jMVAR)

Induction Motor Load
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Power Equations – Real, Reactive & Apparent 

𝑃3∅ = 3 𝑉𝐿𝐿𝐼 cos 𝜃 = 𝑆𝑐𝑜𝑠𝜃 (W)

𝑆3∅ = 3 𝑉𝐿𝐿𝐼 (VA)

𝑄3∅ = 3 𝑉𝐿𝐿𝐼 sin 𝜃 = 𝑆𝑠𝑖𝑛𝜃 (𝑉𝐴𝑅)

𝑃1∅ = 𝑉𝐿𝑁𝐼 cos 𝜃 = 𝑆𝑐𝑜𝑠𝜃 (W)

𝑆1∅ = 𝑉𝐿𝑁𝐼 (VA)

𝑄1∅ = 𝑉𝐿𝑁𝐼 sin 𝜃 = 𝑆𝑠𝑖𝑛𝜃 (𝑉𝐴𝑅)

Three-Phase Formulas Single-Phase Formulas

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



This presentation contains confidential and privileged information for the sole use of the intended
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Why Should We Care About Power Factor?

I2R Losses

Loss Reduction

Increased System CapacityUtility Bill 

Savings $$$

Voltage RegulationTo Meet Interconnect 

Requirements

Voltage Support / 

Voltage Regulation
Increased System Capacity / 

Power Transfer

• Potential Savings $$$$$$$

• Improved Voltage Regulation (Power Quality)

• Increased System Capacity Issues

Industrial | Commercial Customer

• To Meet Interconnect Requirement

Independent Power Producer

• Loss Reduction $$$

• Voltage Regulation (Voltage Support)

• System Capacity / Power Transfer

Electric Utility (Transmission | Distribution Provider)



Power Factor Correction

• The process of adding reactive compensation, or VARS to a system to 

improve the system power factor.

• Reactive compensation (VAR Sources).

• Capacitor banks, tuned (or harmonic filters) and de-tuned

• Static var compensators (SVCs)

• STATCOM 

• Synchronous Motors

• Synchronous Generators

• Synchronous Condensers

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



Primary Reasons For Improving Power Factor

• Industrial | Commercial Customer

• Potential Savings $$$$$$$

• PF Penalties

• KVA Billing

• System Capacity Issues

• Improved Voltage Regulation (Power Quality)

• Electric Utility (Transmission/Distribution Provider)

• Voltage Regulation (Voltage Support)

• Loss Reduction $$$

Payback periods as low as

6-Months. They, vary 

significantly throughout the 

country.

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



Released System Capacity From Power Factor Improvement

𝐾𝑉𝐴𝑅𝐸𝐿𝐸𝐴𝑆𝐸𝐷 = 1 −
𝑃𝐹𝐼𝑁𝐼𝑇𝐼𝐴𝐿

𝑃𝐹𝐶𝑂𝑅𝑅𝐸𝐶𝑇𝐸𝐷
𝐾𝑉𝐴𝐼𝑁𝐼𝑇𝐼𝐴𝐿

• Industrials sometimes cost justify power factor correction on the 

basis of released system capacity

Primary Reasons For Improving Power Factor

Avoided cost associated with buying a new, 

larger transformer

$  $  $  $  $  $  $  $  $  $

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.

For Example: Correcting a plant 

with a 0.8 lagging power factor to 

unity would release 20% of the 

plant’s KVA.



Improved Voltage Regulation (Voltage Drop)

• Reduce voltage drop across impedance of network

• Transmission system

• Distribution system 

• Service transformers

• The flow of reactive power through the network’s inductive reactance contributes 

significantly to the voltage drop.

• Vdrop ≈ 𝐼𝑅 cos𝜃 + 𝐼𝑋 sin 𝜃

Primary Reasons For Improving Power Factor
This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



Loss Reduction From Power Factor Correction

• Electric Utilities often cost justify 

power factor correction on the 

basis of loss reduction.

• Industrials rarely justify power 

factor correction on the basis of 

loss reduction.
𝑃𝐿𝑂𝑆𝑆𝐸𝑆 = 3𝐼2𝑅 (3-phase watts)

Primary Reasons For Improving Power Factor

% 𝐿𝑜𝑠𝑠 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 % = 43.75% = 100 −
0.75

1.0

2

𝑋 100

This presentation contains confidential and privileged information for the sole use of the intended
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% 𝐿𝑜𝑠𝑠 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 % = 100 −
𝑃𝐹𝐼𝑁𝐼𝑇𝐼𝐴𝐿

𝑃𝐹𝐶𝑂𝑅𝑅𝐸𝐶𝑇𝐸𝐷

2

𝑋 100



Power Factor Correction Illustrated With Power Triangle

Note: “P” remains constant
Power (P)

QC

(Capacitor)

𝑄𝑐 = P tan𝜃 − tan𝜃′

𝜃 = cos−1
𝑃

𝑆
= cos−1 𝑃𝐹𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝜃′ = cos−1
𝑃

𝑆′
= cos−1 𝑃𝐹𝑑𝑒𝑠𝑖𝑟𝑒𝑑

Where:

This presentation contains confidential and privileged information for the sole use of the intended
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If You Don’t Like Trigonometry – Use Popular Table

1. Determine KW of load. If on plant-wide 

bases, normally this is based on maximum 

demand.

2. Determine desired power factor and 

horizontal row.

3. Determine initial power factor and enter 

vertical column.

4. Obtain “KW” multiplier at intersection and 

multiply by kW of load determined in 1 

above. 

5. The resulting value is the 3-phase reactive 

power rating of capacitor bank required to 

correct power factor to desired value.

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



Power Triangle on PQ Load Diagram

(P,Q)

Q (+j)

- P

Q (-j)

P

(P, -Q)

(-P,+Q)

(-P,-Q)

𝜃

S

P

Q

+P = POWER 

Consumption
+Q = VAR 

Consumption

𝑆 = 𝑃 + 𝑗𝑄 = 𝑆 < 𝜃
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Power Factor Correction – Application / Solution Steps
Determine 

Reactive Power Of 
Load 

From Electric 
Utility Bills

Switchboard Meters 
/ PQ Metering

Loadflow Studies / 
Load Studies

Calculate Reactive 
Power Rating of 
Capacitor Bank

Consider Rate 
Tariff Structure 

(Desired PF)

Consider 
Interconnect 
Requirements

Determine Step 
Size To Meet PQ 
Requirements and 

Tariff 

Calculate Payback 
Period

Determine 
Location

Service Entrance

Medium-Voltage 
Load Centers

Low Voltage

At Load Terminals

Resonance 
Concerns?

Determine 
Resonance 
Frequencies

Determine 
Sensitivity of 

System to Change

Filter / De-Tuned 
Capacitor Bank / 

Standard Capacitor 
Banks

Develop 
Specifications

Equipment Spec

Open Air/Metal-
Enclosed

Filter / De-Tuned 
Capacitor / 

Standard Capacitor

Switching 
Requirements

Protection / Control 
Requirements

Site Requirements

Bid Evaluation

Commercial 
Review

Technical Review

This presentation contains confidential and privileged information for the sole use of the intended
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Voltage Level & Location for Power Factor Correction

480V

MM M M M

M M

M

M

MAIN 

SWITCHGEAR

(13.8kV, 25kV, 34.5kV, Etc.)

MEDIUM VOLTAGE

LOAD CENTER

(4.16kV)

480 VOLT 

LOAD CENTER

480 VOLT 

MCC

UTILITY SUPPLY

VOLTAGE • NEPSI recommends plant wide power factor 

correction over correction at individual loads

• Low voltage systems are typically “off-the-shelf” 

standard designs below 800 kvar. 

• Systems greater than 800 kvar are custom and 

cost much more. 

• Consider medium voltage at and above this 

reactive power rating.

• Low voltage banks are more complicated

• More current

• More stages

• Higher probability for resonance issues

• Higher probability for transient (PQ 

Problems) due to proximity to load.

This presentation contains confidential and privileged information for the sole use of the intended
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Primary Concerns When Adding Capacitors To A Network

• Over-Compensation ??? – Going Leading

• High-Voltage Concerns

• Harmonic Resonance

• Voltage Rise/Drop During Switching

• Switching Transients (Voltage Transients)

• Switching transients (Back-to-Back Switching)

• Outrush current for near-in substation faults

• Breaker rating

• Motor Self Excitation

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



System Resonance Concerns When Adding Capacitors To

A Network

𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒 𝐻𝑎𝑟𝑚𝑜𝑛𝑖𝑐 ≈
𝑘𝑣𝑎𝑟

𝐾𝑉𝐴𝑆𝐶

𝐾𝑉𝐴𝑆𝐶 ≈
𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 𝐾𝑉𝐴 𝑅𝑎𝑡𝑖𝑛𝑔

𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 𝑃𝑒𝑟 𝑈𝑛𝑖𝑡 𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒

𝐾𝑉𝐴𝑆𝐶 = 𝐴𝑆𝐶𝑥𝑘𝑉𝐿𝐿 𝑥 1.73

• Capacitor banks cause resonance 

which may or may not result in high 

voltage and high current distortion

• Capacitors do not produce harmonics

Capacitors Result

in Resonance

This presentation contains confidential and privileged information for the sole use of the intended
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Voltage Rise/Drop When Switching Capacitor Banks

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑅𝑖𝑠𝑒/𝐷𝑟𝑜𝑝 % ≈
𝑘𝑣𝑎𝑟

𝐾𝑉𝐴𝑆𝐶
𝑋 100

𝐾𝑉𝐴𝑆𝐶 ≈
𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 𝐾𝑉𝐴 𝑅𝑎𝑡𝑖𝑛𝑔

𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑟 𝑃𝑒𝑟 𝑈𝑛𝑖𝑡 𝐼𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒

𝐾𝑉𝐴𝑆𝐶 = 𝐴𝑆𝐶𝑋 𝑘𝑉𝐿𝐿 𝑥 1.73

• Capacitor banks & harmonic filter 

banks result in voltage rise

• Voltage rise/drop should be limited to 

1.5% to 3% per switching step
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Switching Transients (Voltage)

Power Quality Concerns

• Initial voltage depression, loss of voltage magnitude 

“D” and duration “T1”

• The recovering system voltage will result in an initial 

transient over-voltage of magnitude “S” and Duration 

“T2”.

• Multiple zero-crossings. For the transient in figure 4, a 

total of three zero crossings occur before the natural 

system voltage zero crossing.

Transient Mitigation Techniques

• Pre-insertion resistor switching

• 0-Voltage closing vacuum switches (synchronous 

closing)

• ABB DS1 Switch
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Key Points:

• Charge from parallel connected capacitors discharge into stage 

being switched on.

• Amplitude and frequency of inrush current can be very 

high resulting in breaker/switch failure

• Capacitor bank design must mitigate for it.

Mitigation technologies

• Inrush reactors

• For multi-stage banks or banks on the same bus, 

inductance of transient inrush reactor decreases magnitude 

and frequency (rate of rise) of inrush current.

• Pre-insertion resistor switching

• 0-Voltage closing vacuum switches (synchronous closing)

• ABB DS1 Switch

• Filter Reactors (tuning reactors)

Switching Transients - Inrush Current From Back-To-Back 

Switching

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.



Inrush Current and Inductance Calculation

Calculation Method

• NEPSI’s Website provides calculator on resource page

• IEEE C37.012-2005, Application Guide for Capacitance Current 

Switching for AC High-Voltage Circuit Breakers 

𝐿𝑒𝑞 = 𝐿′ + 𝐿𝑛+1

𝐿′ =
1

1
𝐿1

+
1
𝐿2

+
1
𝐿3

+⋯
1
𝐿𝑛

𝑓𝑖(𝑘𝐻𝑧) = 9.5
𝑈𝑟𝑓𝑠(𝐼1+𝐼2)

𝐿𝑒𝑞(𝐼1+𝐼2)
𝐼𝑖 𝑝𝑒𝑎𝑘(𝐴) = 13,500

𝑈𝑟𝐼1𝐼2
𝑓𝑠𝐿𝑒𝑞(𝐼1+𝐼2)

Formulas
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Inrush Current Calculator

Calculation Tool

• Located at nepsi.com/resources

• Requires system voltage, stage kvar, 

stage inductance

• Also calculates single bank inrush 

current when short circuit kA is 

known at the capacitor bank
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Calculation Method

• Determine inductance between capacitor bank and fault 

(include transient inrush reactors if they exist).

• Calculate initial current peak IO and compare to breaker 

rating (See ANSI/IEEE C37.06)

• Add necessary inductance or increase rating of feeder 

breaker as required.
X

X = Close in fault

Capacitors discharge into 

fault (note grounding/type 

of fault matter)

𝑖(𝑡) =
𝑉max 𝑃𝐸𝐴𝐾

𝑍𝑜
𝑆𝑖𝑛 𝜔𝑜𝑡 (amps)

𝐼𝑜 =
𝑉max 𝑃𝐸𝐴𝐾

𝑍𝑜
(amps peak)

Zo = Surge Impedance of circuit

Ctotal = Total capacitance of capacitor bank

Vmax(peak) = Maximum peak line-to-neutral voltage

LS=Total inductance to fault

i(t)=instantaneous current

Formulas

𝑍𝑜 =
𝐿𝑠

𝐶𝑡𝑜𝑡𝑎𝑙
(ohms)

𝜔𝑜 = 2𝜋𝑓 =
1

𝐶𝑡𝑜𝑡𝑎𝑙𝐿𝑆
(rad/s)

Transient Outrush Current Concerns
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One-Line

• Located at nepsi.com/resources

• Requires system voltage, stage kvar, stage inductances, 

inductance of feeder cable, inductance to fault

• Can be used to determine requirement for out rush 

reactor.

• Sites relevant standards, C37.06-2009, IEEE Std. 1036-

2010, PES-TR16

Transient Outrush Calculation Tool
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• Fixed inductors used to limit transient 
outrush current for close in faults.

• Inductance is chosen to limit outrush 
current to breaker rating (See C37.06).

• Current rating based on capacitor bank 
current rating.

• Usually not necessary at voltages below 
34.5kV.

• Can be costly in large banks due to 
high current rating

• Sometimes located on top of enclosure
• Calculations are simple

Typical Transient Outrush Reactor
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• Fixed inductors used to limit transient 
outrush current for close in faults.

• Inductance is chosen to limit outrush 
current to breaker rating (See C37.06).

• Current rating based on capacitor bank 
current rating.

• Usually not necessary at voltages below 
34.5kV.

• Can be costly in large banks due to 
high current rating

• Sometimes located on top of enclosure
• Calculations are simple

Typical Transient Outrush Reactor
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When large, are typically 

located on roof of 

enclosure



Notes:

• If capacitors are over-sized and placed on motor 

terminals, a condition known as self excitation 

can occur. 

• Such a condition can cause over-voltages at the 

motor terminals during opening of the motor 

starter. This over-voltage can damage the motor.

Never:

• Over size PF capacitors at the motor. The 

capacitor rating should not exceed the no-load 

reactive power requirement of the motor. 

• Check the motor datasheets for recommended 

size. 
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Motor Self Excitation Concerns

Power Factor Correction At The 

Motor 



NEPSI Resources To Help With

Power Factor Correction and Filter Design and More

• Website: www.nepsi.com

• Filter design spreadsheet tools (indispensable tool) + others

• Power system calculators

• Guide form specifications (by industry)

• Common component cut sheets/instructions for MV filter banks and capacitor banks

• NEPSI product literature

• Technical notes

• Case studies

• How-to-videos

This presentation contains confidential and privileged information for the sole use of the intended

recipient. Distribution, disclosure to other third parties is prohibited without prior consent.

Paul Steciuk, Power Systems Engineer

Paul.Steciuk@NEPSI.com

http://www.nepsi.com/

