COMNCEPTS

Power Quality Seminars

Power Quality Education and Training

One of the fundamental challenges facing utility and
power customer personnel is the need to become
familiar with and stay informed about issues dealing
with power quality. As the utility industry undergoes
restructuring and as customers find their service needs
changing with increased use of equipment and
processes more susceptible to power system
disturbances, power suppliers and customers alike will
find a solid background in power quality not only
useful, but also necessary for continued productivity
and competitiveness.

Electrotek Concepts® offers a number of seminars
focusing on various aspects of power system
disturbances, monitoring, mitigation technologies,
simulation and modeling, and power quality program
development and administration. Aimed at engineers,
managers, and other technical professionals, these
seminars can either provide you with a base of
knowledge on the subject, or serve as a refresher for
new concepts and technologies.

The seminars are designed to be presented at your
facility, one of our offices, or off-site at a location of
your choosing. These seminars present both a
theoretical as well as practical approach. While the
seminars feature a set format and agenda, we can
customize them to emphasize certain topics or include
additional material.

Available seminar topics include

*  Overview of Power Quality
*  Electric Power Systems Quality
*  Distribution Power Quality

*  Contemporary Topics in Power System
Harmonics

»  Utility Capacitor Applications and Concerns

*  Power Quality in the Industrial Environment

*  Adjustable Speed Drive Application
Considerations

»  Efficient Motor and Drive Application
Considerations

*  Monitoring Power Quality and Solving
Problems

»  Using Computers to Solve Power Quality
Problems

*  Developing a Power Quality Program

»  Establishing Benchmarks for Utility Power
Quality Performance

*  Power Quality Assurance for High Reliability
Facilities

*  Building a Web-based Power Quality
Monitoring System

We also offer in-house and off-site training for the
SuperHarm®, EMTP, and PSCAD® software packages.
Our training is designed to allow you to progress at
your own speed, and consists of two or more days of
case study analysis and practical applications.
Semiannual workshops can be arranged for continuous
training.

Pricing for these seminars varies according to the
number of days for presentation, number of expected
attendees, and instructor travel costs, if any. Please
send e-mail to info@electrotek.com for information on
pricing, scheduling, and availability.

Full descriptions for all seminars can be found on the
Internet at www.electrotek.com/seminars/pqtrain.htm.
Also check our web site for information on seminars
sponsored by utilities and other organizations.

Notes for selected seminars are available for purchase.
Please visit www.electrotek.com/seminars/pqtrain.htm
for more information.

“Electrotek Concepts™ is a registered service mark and “SuperHarm” is a registered trademark of Electrotek Concepts, Inc.
“PSCAD” is a registered trademark of Manitoba HVDC Research Centre.
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CONCEPTS

Overview of Power Quality

Power quality is a growing concern for a wide range of
customers. Industrial customers can experience
interruptions to important processes during momentary
voltage sags associated with remote faults on the utility
system. Power factor correction procedures are
complicated by harmonics in the plants from adjustable-
speed drives (ASDs) and other electronic loads.
Commercial customers are installing high efficiency
lighting and electronic office equipment, resulting in
higher harmonic levels in the buildings. These
harmonic sources cause excessive neutral currents and
transformer overheating. Even residential customers
are concerned about surge protection for sensitive
electronics in the home and the impact of momentary
interruptions on their electronic equipment.

Electric utilities are dealing with these problems in a
variety of ways. One of the most important is better
education of customer service representatives and
customers themselves. This one-day seminar provides
an overview of the most important industrial and
commercial facility power quality concerns. The
seminar is appropriate for customers interested in
power quality concerns, utility representatives that deal
directly with these customers, and utility engineers.

Attendees at this seminar will develop a basic
understanding of important power quality concerns.
They will learn about the different categories of power
quality problems being experienced by customers,
methods for analyzing these problems, and possible
solutions. The seminar also provides an overview of
important standards relating to power quality.

Power Quality Overview
What is Power Quality and Why is it Important?
Symptoms of Wiring and Grounding Problems
Symptoms of Voltage Sag and Interruption Problems
Symptoms of Harmonic Problems
Symptoms of Transient Problems
General Approach

Wiring and Grounding

Definitions and Terminology

Purpose

Wiring and Grounding for Power Quality
Typical Problems

Problem - Local Area Networks

Problem - High Neutral-Ground Voltages

Harmonics

What are Harmonics?

Harmonic Producing Loads (ASDs, etc.)
System Response Characteristics

Effect of Capacitor Banks

Harmonic Filter Design

Impact on Transformer Heating
Commercial Building Harmonic Concerns
Industrial System Harmonic Concerns
Harmonic Standards (IEEE 519)
Problem - Capacitors Magnify Harmonics
Problem - Excessive Neutral Currents

Voltage Sags and Interruption Concerns

Voltage Sags vs. Outages

Faults on the Transmission System

Faults on the Distribution System

Motor Starting Events

Equipment Sensitivity (ASDs, Controls)

Utility / Customer / Equipment Solutions

Problem - Process Controller Tripping During Voltage Sags
Problem - Voltage Variations Caused by Variable Load

Transient Overvoltage Concerns

What are Transients and Where Do They Come From?
Capacitor Switching Transients

Basic Principles of Overvoltage Protection

Arresters and Surge Suppressors

Effect of Chokes and Isolation Transformers

Problem - Nuisance Tripping of ASDs

Problem - Capacitor Switching Transient Magnification
Problem - Voltage Notching

Problem - Transients from PWM Inverters

Power Quality Monitoring and Site Surveys

Monitoring Objectives

Initial Site Survey

Monitoring Equipment
Selection Monitoring Locations
Data Collection

Data Analysis
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Distribution Power Quality

Electric distribution system power quality is a growing
concern. Customers require higher quality service due
to more sensitive electronic and computer-controlled
loads. Capacitor switching events and voltage sags
associated with remote faults that never caused
problems in the past now cause equipment tripping and
even failures within customer facilities. Also, customer
loads are generating increasing amounts of harmonic
currents that can be magnified on the distribution
system due to resonance conditions.

Electric utilities have addressed these concerns by
establishing programs that can help customers evaluate
problems and develop solutions. However, the solutions
are often not simple because the problems involve
interactions between the power system and the customer
electrical system and equipment.

Utility personnel dealing with distribution system
design and power quality need to develop an
understanding of how events on the distribution system
can impact customer operations. Key issues include:

- How do capacitor switching transients get
magnified in customer plants?

- How can I apply IEEE 519 to evaluate the impact
of customer loads on distribution system harmonic
levels?

- Why is customer equipment so sensitive to voltage
sags during remote faults on the power system?

- How do lightning transients get into customer
facilities?

- How do I develop a monitoring program for
determining power quality levels on my
distribution systems?

Seminar attendees will develop a basic understanding of
important distribution power quality concerns. They
will learn about the different types of power quality
problems being experienced by customers, methods for
analyzing these problems, and possible solutions. The
seminar also provides an overview of important power

Introduction

What is Power Quality and Why is it Important?
What is a Power Quality Problem?

Whose Problem is it?

Power Quality vs. Reliability

Categories of Variations

Performing a Site Survey

Symptoms of Power Quality Problems

Impact of System Protection on Power Quality

Overcurrent Protection

Reclosing Schemes

Voltage Sags vs. Interruptions vs. Outages
PQ Aspects of Fault Clearing Practices
Feeder Design for Power Quality

Major Distribution System Power Quality Concerns

Lightning Protection

Capacitor Switching Transients
Magpnification at Customer Buses
Nuisance Tripping of ASDs
Solutions to Capacitor Switching Problems

Voltage Sags & Momentary Interruptions
Voltage Sag Characteristics
Impact of System Protection Practices
Transmission & Distribution System Analysis
Equipment Sensitivity (ASDs, Controls)
Utility / Customer / Equipment Solutions

Harmonic Distortion Concerns
Harmonic Generation (ASDs, etc.)
System Response Characteristics
Effect of Capacitor Banks
Impact on Transformer Heating
Harmonic Filter Design
Harmonic Standards (IEEE 519)

Voltage Regulation
Voltage Flicker

Power Quality Monitoring and Site Surveys

Monitoring Objectives
Monitoring Equipment
Transducer Requirements
Selecting Monitoring Locations
Monitor Installation
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Utility Capacitor Applications

and Concerns

The analysis of utility capacitor switching events often
requires the use of sophisticated digital simulation
tools. Simulations provide a convenient means to
characterize transient events, determine resulting power
quality problems, and evaluate possible mitigation
methods. Quite often. simulations are performed in
conjunction with system monitoring for verification of
models and identification of important power quality
concerns. Application considerations include capacitor
bank configurations, insulation withstand levels,
switchgear capabilities, grounding, overcurrent
protection, overvoltage protection, energy duties of
protective devices, and unbalance detection.

There are a number of important transient-related
concerns when transmission voltage level capacitor
banks are applied. Transmission system concerns
include insulation withstand level, switchgear
capabilities, energy duties of protective devices, and
system harmonic considerations. The considerations
must also be extended to include distribution systems
and sensitive customers.

The capacitor energizing transient is important because
it is one of the most frequent utility switching
operations. It can produce a high phase-to-phase
overvoltage on a terminating transformer, excite circuit
resonances resulting in transient voltage magnification
in the secondary voltage networks, or cause problems
with sensitive electronic equipment in customer
facilities.

Attendees will develop a basic understanding of
important capacitor protection considerations and
power quality concerns. They will learn about the
different categories of power quality problems being
experienced by customers, methods for analyzing these
problems, and possible solutions. The seminar also
provides an overview of important standards relating to
the application of capacitor banks.

Introduction
Reasons for Capacitor Bank Installations
System Benefits
Voltage Improvement
Loss Reduction
Increased System Capacity
Control of Capacitor Banks
Standards for Capacitor Applications
Impact on Power Quality / Customers

Capacitor Bank Design and Protection

Capacitor Ratings
Capacitor Bank Connections
Grounding of Capacitor Banks
Capacitor Bank Calculations
Overcurrent Protection

Back-to-Back Switching / Outrush
Overvoltage Protection

Application of MOV Arresters
Unbalance Detection
Example Problems

Harmonic Concerns
Harmonic Generation (ASDs, etc.)
System Response Characteristics
Effect of Capacitor Banks
Effect of Harmonics on Equipment
Harmonic Filter Design
Harmonic Standards (IEEE 519)
Case Studies / Example Problems

Transient Disturbances

Capacitor Switching Transients

Control of Switching Transients
Synchronous Closing
Preinsertion Devices

Prestrike / Restrike Transients

Phase-to-Phase Transients

Ferroresonance

Case Studies / Example Problems

Impact of Capacitors on Power Quality
Magnification at Customer Buses
Controlling Transients with Harmonic Filters
Nuisance Tripping of ASDs
Effect of Chokes and Isolation Transformers
Case Studies / Example Problems

Summary
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Establishing Benchmarks for
Utility Power Quality Performance

Deregulation of the electric industry is creating a
greater need to define the quality of power being
provided at all levels of the utility power system.
Transmission companies must define the quality of
power being delivered at points of common coupling
with distributors. Distribution companies must define
the quality of power at points of common coupling with
customers. Customers must understand the expected
levels of power quality, along with the characteristics of
the equipment used within their own facility.

Once the power quality characteristics are understood,
contracts for premium power services, power
conditioning technologies, and performance monitoring
can be developed. End users can evaluate the
economics of different alternatives for achieving the
quality of power required to optimize their operations.

Initial benchmarking studies were performed by EPRI
for distribution system power quality. Efforts are
currently under way to understand transmission system
power quality. Standards continue to be developed that
specify required equipment performance (the
semiconductor industry is the latest example).

What are the indices being used to characterize power
quality levels? What is required to benchmark power
quality levels? What monitoring systems are available
to characterize power quality and also provide
information to improve system performance? What are
the economics of different alternatives for improving
power quality? How can contracts be structured to
avoid conflicts associated with power quality levels?
What standards are in place around the world related to
expected power quality levels?

This seminar provides background and basic
methodology and tools required to benchmark your
power quality performance.

It should be of interest to utility engineers and
managers evaluating the role of the utility organization
in the deregulated marketplace. The seminar will also
be of interest to customers that may need to evaluate
power quality levels as part of supply contract
negotiations or site selection.

Monitoring Requirements

Where to Monitor

Monitoring Duration and Methodology

Data Collection and Analysis Systems

Indices for Describing Performance

Results from Benchmarking Efforts from
Around the World

Standards for Expected Power Quality Levels

Other Benefits Associated with Benchmarking
Power Quality
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Building a Web-Based Power
Quality Monitoring System

Monitoring power system performance and assessing
power quality continues to grow in importance as the
electric utility industry moves towards deregulation.
With the global economy increasingly based on
computers and other technology sensitive to power
interruptions, there is a renewed emphasis on reliable
power, spurring further interest in power quality
monitoring. There are many important reasons for
tracking power quality levels, including.

- Event notification

- Identifying problem conditions on the power
system

- Prioritizing and setting maintenance and
reinforcement priorities

- Marketing and delivering enhanced power quality
services

- Administering power quality (“premium power”)
contracts

The Internet and the World Wide Web have emerged as
the primary means of sharing information between
businesses, and company intranets have become the
norm in information exchange within the organization.
Sharing and viewing information about the power
quality on the utility system or within a facility is no
exception to this trend. More and more options are
emerging for access to power quality information
through a simple Web browser. Ranging from
relatively simple installations of instruments with web-
interface capability to complex systems with large
numbers of instruments and extensive data-processing
functionality, these options provide a number of choices
for utilities and power customers seeking to use the
Internet to monitor power quality.

This seminar provides the background information and
basic methodology to design, implement, and
administer web-based power quality monitoring
systems. It should be of interest to utility and customer
personnel considering or undertaking power quality
monitoring programs.

Power Quality Monitoring Basics

Requirements for Development of a Web-based
Monitoring System

Communication Systems

Data Collection and Management

Data Analysis

Presentation of Information and Analyses

Case Studies
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Power Quality Assurance for
High Reliability Facilities

In the world of high reliability, an outage begins after 4  Introduction
milliseconds and it can cost as much as $6 million/hour Defining power quality and reliability —high reliability vs. other
i time. It i timated that lit loads
n dowp 1r.n.e is now estimated tha power quality The nature and impact of power quality events — high
and reliability breakdowns could account for $100 o
ne . . . reliability vs. other loads
billion/year in losses in the U.S. alone. In short, high

reliability facilities must operate 24 x 7 x forever, Site Selection and Evaluation of Power
attaining higher and higher degrees of reliability (five Requirements
nines and above) and produce “perfect” sine waves to Quality of supply from the grid

Power density requirements

maintain operations.
P Demand and energy costs

Achieving high power quality and reliability in today’s ~ Designing Facilities for High Reliability

energy-constrained climate is a growing challenge. Single point of failure analysis for power systems

This is especially true for data centers that are now Risk assessment — Mean time between failure vs. mean time
ring power densities in the 100-200 watts/ torepar

requiring p OW(?I ?HSI le.s H.l e. a wa t.s Power quality and reliability assessments

range. Complicating this situation is the reality that o

power providers must meet this demand with Power Conditioning, Storage and Backup

infrastructure that is exceeding capacity. To help Generatlng Systems

ensure reliable power, facility operators are Technology options

. . . Redundancy configurations

implementing power storage and backup generation Economic analysis

technologies, often in redundant configurations. This

can help ensure power reliability, but can impact both Some Power Quality Concerns to Consider
facility and utility power systems. Harmonic interactions of loads within the facility — do you
need filters?
Transient interactions within the facility — optimum surge

Achieving high power quality and reliability in today's suppression strategies
energy-constrained climate is a growing challenge. Capacitor switching transients and variable speed drives
Electrotek Concepts, in partnership with Dranetz-BMI, Voltage regulation, undervoltage and unbalance
. . I . Motor starting voltages and currents — facility impacts
a leading supplier of power monitoring solutions, and
Bruns-Pak, a data center design/build firm, has Monitoring and Managing High Reliability
developed this seminar to address the most important Facilities
power quality and reliability concerns for facilities Tools and instrumentation for problem solving

Monitoring systems

Where to monitor?

) . ) System benchmarking and ongoing performance monitoring
This one-day seminar is targeted towards managers and Expert systems to identify possible problems

engineers of data centers and other facilities with high
reliability requirements. Typically, this seminar is
offered in partnership with a utility or other
organization for presentation to customers, employees,
and other interested groups. For more information or to
schedule a presentation, contact Electrotek today.

where downtime is not an option.

Case Studies
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The Outline

Introduction

» Objectives of the course

*  Why power quality keeps growing in
importance

+  Using the course material to prevent power
quality problems before they occur

Power Quality Definitions

* |EEE definitions for different types of PQ
variations

*  Monitoring Power Quality

+ Examples of the different types of problems

The Power Quality Evaluation Procedure

» Standardizing the investigation of PQ
problems

* Role of measurements, monitoring projects

* Role of simulations, analytical tools.

*  Who needs to be involved

Identifying and Solving Harmonic Problems

»  Sources of harmonic distortion to watch out
for

»  Evaluation with respect to IEEE 519 limits

* Rules for identifying possible problem
situations

»  Solutions to harmonic distortion problems

Equipment Sensitivity to Voltage Sags and
Momentary Interruptions

+ Causes of voltage sags and voltage sag
characteristics

»  Characterizing equipment sensitivity - when
sags cause problems

* Finding the most economical solution

Controlling Transient Overvoltage Problems

« Transient overvoltages caused by lightning
+ Transients caused by capacitor switching
»  Surge protection procedures

Evaluating Voltage Regulation and Voltage
Unbalance Concerns

» Causes of voltage variations and unbalance

* Motor heating due to unbalanced voltages

+  Power conditioning for voltage regulation

Some Wiring and Grounding Problems to Watch
For

* Ageneral site survey procedure - identifying
wiring and grounding problems

*  Grounding for safety vs. grounding for noise
control

*  The most common problems and how to
avoid them

Example Cases

For more information on scheduling or pricing, please contact Electrotek Concepts
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