Agenda
1999 Distribution Planning Workshop
EPRI Auditorium, November 16 - 17

TUESDAY NOVEMBER 16: REVIEW OF EPRI’S 1999 DISTRIBUTION
BUSINESS PLANNING RESEARCH

MORNING — PAST WORKSHOPS AND 1999 STATUS REPORTS & RESULTS

CONTINENTAL BREAKFAST 8:00 - 8:30
WELCOME & INTRODUCTIONS ROUNDTABLE B. Ziemianek 8:30 - 8:45
REVIEW/MODIFY AGENDA A. Boutsioulis 8:45 —8:55
OVERVIEW OF RESULTS FROM 1998 WORKSHOP S. Chapel 8:55-9:15
OVERVIEW & DIscUSSION OF EPRI R&D PORTFOLIO — 1999 S. Chapel 9:15-9:45
PROJECTS

BREAK 9:45 - 10:00
STATUS REPORT — 1999 INVESTMENT STRATEGY PROJECT M. Thapa  10:00 —10:30
STATUS REPORTS — 1999 CUSTOMER VALUE & RELIABILITY P. Morris &  11:00 — 12:00
PROJECTS C. Feinstein

LUNCH 12:00 — 1:15
AFTERNOON -- 1999 STATUS REPORTS & RESULTS

STATUS REPORTS — CONTINUED 1:15 - 2:15
RELIABILITY & AGING ASSET SURVEYS: PLANS & RESULTS S. Chapel: 2:15-3:00
e Reliability

e Aging infrastructure

BREAK 3:00 - 3:15
OVERVIEW & DISCUSSION OF TC PROJECTS J. Jerge, 3:15-4:45
e AEP — Capital Budgeting g ﬁ?ﬁ;i

e Con Edison — Reliability Planning

REVIEW AGENDA FOR WEDNESDAY 4:45 - 5:00
GROUP DINNER 7:00 —9:00

For More Information on utility distribution planning, contact Steve Chapel at schapel@EPRI.com or visit the website

WWW.vmngroup.com



WEDNESDAY NOVEMBER 17: BRAINSTORMING for 2000

CONTINENTAL BREAKFAST

BRAINSTORMING: -- FILLING IN DETAILS FOR THE 2000

PROJECTS

BREAK

Aging Infrastructure

Measuring & Valuing Reliability

Assessing Customer Needs

Project Prioritization / Capital Budgeting

CONTINUE BRAINSTORMING 2000 PROJECT DETAILS

ROLE OF DISTRIBUTED GENERATION IN DISTRIBUTION

LUNCH

ADJOURN

DR Evaluation in New York

Discussion

Summary of EPRI report — “Strategic Role of DR”

7:30-8:00
A. Boutsioulis 8:00 - 10:00

10:00 - 10:15

10:15-11:00

11:00 — 12:00
A. Regan
C. Feinstein
A. Boutsioulis

12:00 — 1:00

1:00

WWW.vmngroup.com

For More Information on utility distribution planning, contact Steve Chapel at schapel@EPRI.com or visit the website
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Review of 1998 Workshop

Steve Chapel
schapel@EPRI.com
November 1999
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IEEN 1998 Workshop - Palo Alto

¢ Results From 1996 and 1997 Workshops

¢ Overview & Discussion of 1998 Work and 1999 R&D
Portfolio

¢ Model Descriptions and Demos
¢ Discussion of 1998 TC Projects
¢ Inputs to EPRI for 1999 and 2000 Projects
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RN Distribution Business Planning
Project Portfolio

¢ Capacity expansion - Area
Investment Planning

¢ System improvements - Project
Prioritization

|
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¢ Repair / replace - Aging Assets
project

ing

¢ Maintenance - RCM

Strategy Model
Load Dynamics Model

¢ Supporting research:

Area Investment Strategy

Capital Budgeting
Project Prioritization System

Managing Agin

Assessing Customer Needs
Assets

Measuring & Valu
Reliability

— Measuring & Valuing Reliability
— Assessing Customer Needs
— Investment Economics

— Role of Distributed Resources
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EEEN 1998 Workshop - Action Items

¢ Area Investment Planning Tools

— Complete the plans to add cost and siting uncertainty

— Add a routine to analyze the economics of modular investments that
can be removed (salvaged) before the end of their physical life.

— Load Assessor Model will have been integrated into Area
Investment Strategy Model

¢ Assessing Customer Value

— White paper that identifies the industry problem, the research
guestions, and outlines a research plan.

— Based on the white paper write a project plan and present it to the
industry advisors.

=2l



EEEN 1998 Workshop - Action Items

¢ Analyzing and Valuing Reliability

— Clear that the issue of reliability is the important emerging issue on
distribution planner’s mind.

— Also clear that distribution budgets are being reduced and regulators
are taking a more active role in specifying and monitoring distribution
system performance.

— The workshop participants asked some key gquestions:
» How do we define reliability?
» What value do customer place on reliability?
» How do we build reliability considerations into planning?

» How do we communicate what we know and do not know about reliability
to both regulators and utility management?
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EEEN 1998 Workshop - Action Items

¢ Analyzing and Valuing Reliability - continued

— Motivated by these questions, a four step project plan was initiated
1. Define what is meant by level of service.
2. Specify how to measure level of service.
3. Determine how to value level of service
4. Learn how to change the level of service.

— Steps 1 and 2 are the subject of a white paper developed as part of a
scoping study. The purpose is to provide a precise analytical
definition and measurement approach.

— The third step is an assessment question and this ties back to the
Issue of assessing customer values.

— Step 4 is an engineering question. How can the level of service be
changed and when it is changed how do the values change?
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EEEN 1998 Workshop - Action Items

¢ Managing Aging Assets

— The proposed work for 1999 was to develop a repair / replace
decision framework and test the framework in a case study at a
participating utility.

— The deliverable will be a report describing the framework.

— The decision framework approach has the advantage of identifying
the decisions that planners face and the data that they need to
support those decisions. The data gathering can then be focused
and the cost reduced.

¢ AEP Capital Budgeting TC Project

— EPRI to determine the interest in funding Phase 2 of this project as a
TC or base budget project

— Phase 2 involves two tasks: 1) analysis software, and 2) project
attribute measurement system.

— One alternative is to fund the analysis software with base budget
=2l
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Distribution Business Planning
R&D Portfolio

Overview of Projects

Stephen W. Chapel
schapel@epri.com

November 1999
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RN Outline

=) ¢ Business planning issues

¢ Projects
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IEEEN Distribution Planning Problem is
Complex

¢ What about reliability - how far can you push the
system before you fall off the edge?

¢ How do you get just-in-time and “right-sized”
capacity?

¢ Can you save $ by doing just-in-time maintenance ?

¢ What risks are you taking by practicing just-in-time
decision making (do you really know how close you
are to the edge)?
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IR AEN Distribution Business Planning is Mostly
About Solving Investment Problems

¢ 40% to 50% of electric utility
net investment

¢ Business issues

— Minimizing investment costs

— Having “right” infrastructure to
meet customer needs

— Making money
¢ Key strategic needs

— Managing assets

— Linking investment decisions to
customer needs

|Generat|on|I IGeneratlon

GENERATION
PLANNING

230KV = Es

A)  Bagkbone Transmiission Grid

B)
—/

230/116 = = 230/69

TRANSMISSION
PLANNING

115/12 = 115/12 = = 60/12

O O 1= 69/4

iw
\'/ S

JE——

DISTRIBUTION

Distribution Planning Y)istribution Planning PLANNING
Areal Area 2
Net Invest.
Gen. = $8.7B
Tran. = $4.5B
Dist. =$13.5B
Total  =$26.7B
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INEEN Opposing Trends are Changing
the Business

¢ Increasing levels of key

drivers «Competition
— Competition *Customer Needs
_ 4 *Technology
— Regulatory & Corporate scrutiny =
— Customers demand for i|>’
reliability and service quality
— Technology change
¢ Reduced budgets & reduced
local autonomy
¢ Together these are creating a *Budgets
collection of problems »Local Control |

Time
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INEER Nature of Distribution Business
Planning Problem

Demand for
Technology Services
Local Area

— .. Rap >
Existing Decisions W
Assets |
Budgets, RegU|at0rS
Policy Alternatives,
‘ Consefuences Q@&@

Corporate
Policy
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EEEN Specific Problems

«Capacity expansion
*Reliability

*Aging assets

eCustomer needs & values

«Capital budgeting
*Objectives
*Budget signals
*Operating policy & strategy Er,i2l



ENEEN Outline

¢ Business planning issues

mm)¢ Projects

=2l



RN Distribution Business Planning
Project Portfolio

¢ Capacity expansion - Area
Investment Planning

¢ System improvements - Project
Prioritization
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¢ Repair / replace - Aging Assets
project

ing

¢ Maintenance - RCM

Strategy Model
Load Dynamics Model

¢ Supporting research:

Area Investment Strategy

Capital Budgeting
Project Prioritization System

Managing Agin

Assessing Customer Needs
Assets

Measuring & Valu
Reliability

— Measuring & Valuing Reliability
— Assessing Customer Needs
— Investment Economics

— Role of Distributed Resources
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BEEEN Managing Aging Distribution
Assets

¢ Objective: Conceptual framework, methods & data to
guide repair / replace decisions

¢ Features:
— Linked to capital budgeting through costs and reliability

— Methodology builds upon extensive industrial applications &
operations research principles.

— Decision framework tailored to specific problem of electric
distribution infrastructure

(= |
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BEEEN Managing Aging Distribution
Assets - Deliverables
¢ 1999

— Begin to structure problem

— Gather some data

¢ 2000 and beyond

— Guidebook - decision framework to guide repair / replace problems
— Software - repair / replace decision model

— Equipment failure data - survey results & value assessment of
gathering specific additional data

=2l
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RN Prioritizing Distribution Projects

¢ Objective: Provide methods, data and a management
system to evaluate projects objectively and select best
portfolio given a budget constraint

¢ Features:

— Model of values: corporate, customer, manager, engineer

— New capital budgeting capability -- method to evaluate and
compare all distribution projects and select the best portfolio of
projects

— Analysis tools
— Project attribute measurement methodology

— Project data base software

(= |
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RN Prioritizing Distribution Projects

- Task List

¢ Analysis software

— Design mathematical model for portfolio analysis

— Implement the model as software

¢ Project information system

— Develop the project attribute structure
— Design and test the attribute measurement scales
— Design the project information data base system

— Implement the data base system as software

¢ Test and validate the methodology & software

=2l
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RN Prioritizing Distribution Projects
- Deliverables

¢ 1999

— Refine attribute structure

— Design attribute measurement scales - AEP

¢ 2000 and beyond

— Analysis Software - project evaluation and portfolio analysis
— General method for project value measurement
— Database software - for project value measurement

— Tested and validated methodology & software

=2l
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ENEEN Analyzing & Valuing Reliability

¢ Objective: tools for analyzing and valuing reliability;
guantify cost / reliability tradeoff

¢ Features:

— Method for incorporating reliability into business decisions

— Analytical methodology for planning system reliability consistent
with area customer needs

— Linked to Area Investment Strategy Model & Project Prioritization

(= |
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ENEEN Analyzing & Valuing Reliability -
Task List

¢ Literature survey and analysis including
methodology review

Definition of reliability
Structure approaches to measuring reliability

Define data requirements for valuing reliability

¢
¢
¢
¢ ldentify alternatives for changing reliability
¢ Design reliability model

¢ Integrate reliability into planning software
¢ Testing and validation

=2l
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ENEEN Analyzing & Valuing Reliability -
Deliverables
¢ 1999

— Extensive literature review
— Concept paper

— Conceptual design for planning tools

¢ 2000 and beyond

— Algorithms & software
— Reliability-based project prioritization

— Reliability-based area capacity planning

=2l
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ENEEN Arca Investment Strategy Tools

¢ Objective: Least cost infrastructure strategies given
uncertain future loads, costs, and customer needs

¢ Features:
— Capacity planning method & software
— Load uncertainty forecasting - method & software
— Jointly considers traditional options & distributed resource options

— Planning capacity investments when faced with uncertain future
(load growth, siting, technology costs)

(= |
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BNEEN Arca Investment Strategy Tools -
Task List

¢ Add ability to model “do-nothing” case
¢ Allow band-aids to be salvaged
¢ Improve modeling of operating costs

¢ Design & implement a load uncertainty forecasting
module

¢ Increase the speed of the solution

¢ Improve the output reports

¢ Add ability to model more uncertainties

¢ Improve ability to model reliability

=2l
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BNEEN Arca Investment Strategy Tools -
Deliverables

¢ 1999

— Version 1.5 Area Investment Strategy Model

— New Features:
» Salvageable Band-Aids
» Load uncertainty assessor
» Better cost modeling

» Model value of delay - “wait and see” alternative
» Improved and additional output reports

¢ 2000 and beyond
— Analyze reliability tradeoffs

— Handle more uncertainties - technology costs, siting, weather

=2l
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RN Assessing Customer Needs

¢ Objective: conceptual framework and methods for
valuing reliability & other customer needs

¢ Features:

— Method for distinguishing customer segments & measuring
customer values for reliability

— Value model - implementation of segmentation and value method

— Linked, through value model, to capital budgeting and area
Investment strategy

(= |
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EEEN Assessing Customer Needs - Task
List
¢ Literature survey and analysis
¢ Customer needs classification
¢ Specify customer segmentation

¢ Research design - to test customer segmentation

¢ Conceptual design for value model

¢ Define value model data assessment methodology
¢ Construct value model

¢ Validate model

=2l
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RN Assessing Customer Needs -
Deliverables

¢ 1999

— Extensive literature review

— Concept paper & research design

¢ 2000 and beyond

— Conceptual design for customer value model
— Planning methodology

— Guidebook -- to document value model and assessment method

=2l
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RN Distribution Business Planning
Project Portfolio

¢ Capacity expansion - Area
Investment Planning

¢ System improvements - Project
Prioritization
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¢ Repair / replace - Aging Assets
project

ing

¢ Maintenance - RCM

Strategy Model
Load Dynamics Model

¢ Supporting research:

Area Investment Strategy

Capital Budgeting
Project Prioritization System

Managing Agin

Assessing Customer Needs
Assets

Measuring & Valu
Reliability

— Measuring & Valuing Reliability
— Assessing Customer Needs
— Investment Economics

— Role of Distributed Resources
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Other Customer Needs

« Waveform quality:

— Some commercial and industrial customers have emphasized the importance of the
waveform quality, but little information on willingness-to-pay has been established

* Willingness-to-pay for green power:

— This is a much simpler concept and the market studies to date have provided useful
information

» Other features of utility package:

— These are usually subtle preferences that will give competitive advantage but not at
much of a price premium
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Many differences in survey structure and form of results make it difficult

to compare across studies

 Forms of results
— $/kWh unserved
— $/peak kW unserved

— $/interruption of specified
duration and time

— $/kW for interruption of specified
duration and time

— Formula for outage costs with
parameters depending on

» Qutage duration

» Qutage frequency

» Variables among studies

duration and timing of outages

proposed changes in outage
frequency

current outage frequency for
respondents

weather conditions
socio-demographic conditions

survey design variations
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Customer outage costs are difficult to specify

» QOutage costs from different studies can be very different

— Average residential outage costs were stated at $0.18/kWh* and $14.61/kwWh** by
two different studies

— Willingness-to-accept values tend to exceed willingness-to-pay values by nearly a
factor of two, even within the same study

* Many variables define both customer characteristics and outage characteristics, hence
aggregate results may not be meaningful

* The appropriate methodology depends upon the context in which the data will be used

* Ontario Hydro, 1980; Contingent valuation method

** Doane, Hartmann, Woo, 1989; Direct cost assessment
37



The assessed outage costs from a study tends to resemble a log-normal
distribution, with a spike at $0

Distribution of One Hour Interruption Costs
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The log-normal shape of the distribution of outage costs is consistent
across studies

Commercial and Industrial Customer Outage Costs
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The shape of residential customers’ outage costs is similar

Residential Customer Outage Costs

30

25

20

15
10
0 -

$0 $01 $50 $.50 - $1 $1-%$2 $2-%4 $4 - $8 $8 - $16 $16 $32 $32 - $64
Cost of one hour outage on summer afternoon

Percent of Sample
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Study: Duke Power; Freeman, Sullivan & Co.
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All customers’ outage costs per interruption increase with outage duration

« Commercial firms are, on average, more sensitive to duration than industrial firms

Industrial customers prefer less frequent, longer duration outages

Commercial and residential customers slightly prefer more frequent, shorter duration
outages, on average

Industrial customers’ outage costs per hour tend to decrease with duration (l.e., total
cost of an 8 hour interruption is less than twice the total cost of a 4 hour interruption)

Commercial customers’ outage costs per hour may increase or decrease with
duration (l.e., the total cost of an 8 hour interruption may be greater or less than
twice the total cost of a 4 hour interruption)
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The critical outage duration ranges from 1 cycle to 12 hours for
commercial buildings

Service Loss Duration Time
cumulative distribution
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Source: Cost-Benefit Analysis of Power System Reliability: Determination of Interruption Costs, EPRI EL-6791
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Advance notice can reduce the impacts of an outage

* In most studies, a majority of commercial and industrial respondents stated that
cost-saving arrangements could be made with some advance warning

» Overall average cost reduction for one hour advance notice*
— large commercial - 35%
— large industrial - 43%

* Amount of advance notice required varies from company to company**
— most require 1 - 4 hours

— 3% require at least 48 hours

* “Interruption Costs, Customer Satisfaction and Expectations for Service Reliability”; IEEE Trans. PS May 1996

** “Interruption Cost Methodology and Results — A Canadian Commercial and Small Industry Survey”;

Billinton, Wacker, Wojczynski
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Some customers are very sensitive to timing of an outage, while others
are not at all sensitive

* Retail, industrial, and large commercial customers’ sensitivities to timing are diverse

— Large commercial customers’ outage costs are not very sensitive to season, day of
week, or time of day

— Industrial outage costs are significantly higher in the winter months than in summer

— Retail outage costs increase throughout the year, and then drop in January
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Outage costs drop on the weekend for both retail and industrial customers

Variation in Outage Costs by Day of Week
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Study: Billinton, Wacker, Wojczynski 1982
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Large users require a constant supply of energy, and their outage costs
do not vary much by time of day or day of week

Variation in Outage Costs by Time of Day
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Agenda

Project Objectives

Literature Survey

Definition of Customer Needs
Measuring Attribute Values--Methods

Understanding Attribute Values

Customer Segmentations

Conclusions

a7



Customer segmentations

Segmentations defined for
— Residential outage costs
— Commercial/Industrial outage costs
— Residential customers’ switching behavior(likelihood of switching service providers)
— Residential “green power” market
— Importance of waveform quality
— Needs-based segmentations for residential and commercial/industrial customers

— Demographic-based segmentations within studies

Some studies defined customer segmentations, while others just aggregate results by some
demographic variables
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Needs-based residential customer segmentation

» Each segment was rated for the following customer needs
— Low energy bills
— Increased comfort
— Surge protection
— Time-saving appliances
— Resource conservation
— Enhanced security
— Safe appliances
— Personal control
— Attractive appliances
— Hassle-free purchases

— High-tech appliances



Needs-based commercial/industrial customer segmentation

« Each segment was rated for the following

customer needs

Provide superior service
Improved business operations
Departmental cost control
Compete on price

Long range management
Market now products/services
Clean power

Continuous power

Centralized decisions
Improved equipment efficiency

Supportive utility relationship

Lead through technical innovation
Take risks to grow business

Deliver high quality products/services
Lower rates

Efficient technologies and controls
Backup generation

Customize services

Managed energy use

Flexible billing

Leased equipment

Improved cash flow
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Example of a description of the residential needs-based segments

Listed in order of increasing electricity needs

Lifestyle 12% | Middle-aged, average education, | Low needs for appliances and energy,
Simplifiers slightly lower income, renters interested in protecting environment
Technology | 9% | Young, well educated, average Low needs for everything except high tech
Focused income features and attractive appliances
Value 15% | Young, well educated, high Want to find best value, price is important as
Seekers income, large household well as performance
Hassle 13% | Slightly older, own home, Do not want to put effort into finding a
Avoiders average income, household size | programs or products
Middle 14% | Average age, income, size of Average energy use and appliance needs,
Roaders household, home ownership low need for enhanced security and attractive
appliances
Resource 12% | Older, not well educated, low Environmentally motivated, concerned about
Conservers income, own home safety and protecting appliances
Enthusiasts 12% | Older, not well educated, low Strong interest in energy for convenience and
income, small household, own comfort , strong interest in conserving
home natural resources
Energy 13% | High income, own home Strong dependence on electricity for
Reliants convenience, comfort, entertainment,

security, technology
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An example of a description of the commercial/industrial needs-based
segmentation

Fraction of Fraction of
commercial industrial
customers customers
Leading Edge Customers
Proactives 13% 29% All needs much stronger than average
Innovators 8% 19% Strongest needs are related to innovators position as market

leader

Solid Implementor Custome

Irs

Conservatives | 9% 5% Strongest needs relate to provision of superior service, risk
averse, not adaptive to new technology

Self-Reliants 13% 5% Strongest needs relate to provision of superior service, low
energy expenditure

Slow Changing Customers

Dependents 13% 5% Strong energy needs, but not strongly differentiated business
needs

Status Quos 14% 3% Average on most needs

Utilitarians 11% 12% Strongest needs relate to survival, low energy expenditures,
interested in service and price

Troubled Customers

Survivors 10% 11% Strongest need is to improve performance, focus is on short
term

Besieged 10% 3% Focus on very near term, poor finanacial performance
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Residential outage costs demographic variables from various studies

Power-sensitive health problem**

Often not at home during the day
Computer present

Age*

Size of household*

Income of household**

Perception of number of power problems
Use surge protector

Backup generator present

Electric heat reliance**

Sex of respondent

Education of respondent

Type of dwelling — apartment, bungalow
Location of dwelling — urban, rural
Attitude towards utilities

Energy consumption

Monthly electrical bill

Income earning business at home**

* Statistically significant at 10% level

** Statistically significant at 5% level

Source: Cost-Benefit Analysis of Power System Reliability: Determination of Interruption Costs, EPRI EL-6791




Commercial and industrial customer outage cost segmentations

SIC is most commonly used to distinguish customers, but industry has not shown to be a
good indicator of outage costs

Other parameters commonly introduced:
— Plant restart time
— Ciritical duration
— Peak demand level

Cost structure of a firm is also an important determinant of interruption costs*,
characterized by:

— Capital intensity (sum of overhead rate and profit rate)
» Overhead rate = fixed overhead and depreciation percentage of expenses
» Profit rate = (value of output - operating costs) / value of output

— Labor intensity (wages paid / kWh consumed)

— Electricity intensity (value of output / kWh consumed)

* Cost-Benefit Analysis of Power System Reliability: Determination of Interruption Costs, EPRI EL-6791
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Industries and applications sensitive to waveform quality

« Uninterruptible power supply (UPS) applications (results of formal study):
— data centers
— telecommunications
— individual computers
— process controls
— medical equipment
» Sensitive devices used by chemical manufacturing company (comments from one representative):
— process controllers
— adjustable speed drives
— static inverters
— distributed control systems

— automatic data processing equipment



Segmentation for green power

» Core green market customers have a higher willingness-to-pay for green power than the
market as a whole

* Even in the core green market, the preferred source is not consistent across the three
segments

Core Green Market

Radical Greens 4% very serious about environmental issues

Alarmists 11% | very concerned about safety, prefer green products
If they are also safer than alternatives

Any Greens 11% | positive attitudes about environmental issues, but
not extreme

Other

Parochials 10% | more concerned about local community issues
than global, environmental issues

Bottom Liners 27% | most concerned about costs

Don’t Cares 36% | view generation method as utility’s choice




Agenda
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Literature Survey

Definition of Customer Needs
Measuring Attribute Values--Methods
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Customer Segmentations
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Conclusions

 Attributes well defined
« Attributes vary in importance
« Commercial/lndustrial/Residential distinction
« Bottom line: cost of service and reliability most important
* Numerical estimates of value of attributes
— context dependent
— possible match of context appropriate for individual utility’s use
* Many methods possible for individual utilities

— Direct assessment---can be unreliable

— Contingent evaluation--reliable but expensive
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Conclusions

» A customer value model measures how a customer reacts to the consequences of utility

decisions

Customer /

Service
Inputs

/

>

Customer Value
Model

Quality of
Decision
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Reliability Project
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Distribution Reliability in the Literature

e Literature Survey

* Reliability Library

« Definitions of Reliability

* Measurement of Reliability
* Value of Reliability

* Analysis Methods

e Summary and Implications



Literature Survey

» Reviewed and summarized books, reports, journal articles
* Results placed in library

— Hardcopy

— Electronic

— Summarized

Reviewed Summarized
Books 9 2
Reports 34 22
Journal 70 42

Articles

In Library

30
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Distribution Reliability in the Literature

» Literature Survey

* Reliability Library

» Definitions of Reliability

* Measurement of Reliability
* Value of Reliability

* Analysis Methods

« Summary and Implications



Reliability Library Contains

* Hard copies
— books
— reports

— journal articles

* Electronic files
— summaries and notes for material in library
— categorization of documents
— glossary on reliability, reliability terms, reliability acronyms, reliability indices

— electronic documents (e.g., web/html files)



Textbooks in Reliability Library

» Reliability Evaluation of Power Systems, 2nd Edition, Billinton & Allan, 1994
» Power Distribution Planning Reference Book, Willis, 1997

* |EEE Gold Book (IEEE Recommended Practice for the Design of Reliable Industrial and Commercial
Power Systems), 1997

» Electrical Distribution Engineering, Pansini, 1991
* Reliability Assessment of Large Electric Power Systems , Billinton & Allan, 1988

* Reliability Evaluation of Engineering Systems, Concepts and Techniques , Billinton & Allan, 1983



Reports in Reliability Library

* Guide to Value Based Reliability Planning (1/96); CEA

» Forced Outage Performance of Transmission Equipment; 1/1/92 to 12/31/96 (7/98); CEA

* Reliability Centered Maintenance for Distribution (6/9/99); EPRI

* Reliability Centered Maintenance (RCM) Technical Reference for Power Delivery (10/97); EPRI

» Qutage cost estimation guidebook (12/95); EPRI

» Cost-benefit analysis of power system reliability: Determination of interruption costs (5/90); EPRI

» Customer Demand for Service Reliability: A Synthesis of the Outage Costs Literature (9/89); EPRI

» The Value of Service Reliability to Consumers (5/86); EPRI

» Distribution System Reliability Handbook (12/82); EPRI

« Development of Distribution System Reliability and Risk Analysis Models (8/81); EPRI

e A Primer on Electric Power Flow for Economists and Utility Planners (2/95); EPRI

* Reliability Centered Maintenance (RCM) for Distribution Systems and Equipment: Four Application Case Studies (5/99); EPRI

» Software User Manual: Reliability Centered Maintenance (RCM) Workstation for Power Delivery (12/97); EPRI

» Software User Manual: Reliability Centered Maintenance (RCM) Technical Reference for Power Delivery (12/97); EPRI




Journal Articles in Reliability Library (partial list)

e “Canadian Utility Perspective on Power Quality” (3/99)

*  “CEA Power Quality Survey 2000” (3/99)

» “Reliability: NERC/FERC Convergence” (3/99)

e “Innovative system solutions for power quality enhancement” (1998)

o “Attributing harmonics in private power production” (1998)

« “Analysis and mitigation of voltage disturbances at an industrial customer's corporate campus” (1998)

* “New approach to monitoring electric power quality” (7/98)

« “Canadian National Power quality survey: Frequency and duration of voltage sags and surges at industrial sites” (10/98)
» “Electric-power-quality improvement using parallel active-power conditioners” (1998)

* “Voltage sags: Their impact on the utility and industrial customers” (1998)

*  “Priority pricing in electricity supply: An application for Israel” (8/97)



Journal Articles in Reliability Library (continued)

* “Reliability Pricing of Electric Power Service: A Probabilistic Production Cost Modeling Approach” (2/96)
* “Application of customer-interruption costs for optimum distribution planning” (1996)

« “Application of distribution system capacitor banks and their impact on power quality” (6/96)

*  “Power quality - a growing problem” (9/96)

* “A Survey of distribution system power quality - preliminary results” (1/95)

* “Value-Based Distribution Reliability Assessment and Planning” (1/95)

e “Using customer outage costs in electricity reliability planning” (2/95)

e “Conducting a power quality site analysis - Part 2”” (10/95)

o *“Live-fire fault test of SVC: a lesson in power quality” (8/95)

e “Major UK distribution power quality survey” (1994)

» “Bulk Power System Reliability Criteria and Indices: Trends and Future Needs” (2/94)



Journal Articles in Reliability Library (continued)

« “Effect of protection systems on bulk power reliability evaluation” (2/94)

»  “Power quality and harmonic distortion on distribution systems” (4/94)

*  “Power quality monitoring of a distribution system” (4/94)

*  “Prediction of Customer Load Point Service Reliability Worth Estimates in an Electric Power System” (7/94)

» “Effects of adverse weather conditions and higher order outages on customer interruption costs in electric sub-transmission
systems” (12/94)

* “Most Value Planning: Estimating the Net Benefits of Electric Utility Resource Plans” (9/94)

» “Distribution customer power quality experience (12/93)Utilities today must provide [open quotes] clean [close quotes] power”
(1993)

*  “Practices for solving end-user power quality problems” (12/93)
*  “Priority service and outage costs in the power sector The Taiwan experience” (7/93)
*  “Measuring reliability of electric service is important” (5/93)

* “Computer Programs for Reliability Evaluation of Distribution Systems” (3/93)
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Journal Articles in Reliability Library (continued)

» “Solving the power-quality dilemma” (11/92)

* “A Method for Estimating the Reliability of Distribution Circuits” (4/92)

* *“Voltage stability conditions considering load characteristics” (2/92)

» “Power quality-an evolving concern for electric utilities” (1992)

* “Power quality. End user impacts” (1991)

» “Reliability and Quality Comparisons of Electric Power Distribution Systems” (9/91)

* “The Failure Rates of Overhead Distribution System Components” (9/91)

o “Determination of Failure Rates of Underground Distribution System Components from Historical Data” (9/91)

» *“High Voltage Circuit Breaker Reliability Data for Use in System Reliability Studies” (9/91)

« “Comprehensive bibliography on reliability worth and electrical service consumer interruption costs: 1980-1990” (11/91)

e “The electric utility - industrial user partnership in solving power quality problems”
(Panel session) (8/90)
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Journal Articles in Reliability Library (continued)

» “Measurement and application of customer interruption costs/value of service for cost-benefit reliability evaluation: Some
commonly raised issues” (11/90)

« “Power quality--two different perspectives” (7/90)

e  “The electric utility - industrial user partnership in solving power quality problems”
(Panel session) (8/90)

o “Power quality - A review” (1/90)

“Distribution System Reliability Indices” (1/89)

“Quality of Service from the Consumer’s Point of View” (1972)

12



Reliability Library Electronic Files

* Reliability Document categorization.doc
— categorization scheme for reviewed documents

* Reliability Definitions.doc
— compilation of definitions of reliability and reliability-related terms from different sources and
viewpoints

* Reliability indices
* Acronyms

* Reliability in Textbooks.doc:
— notes from readings of textbooks concentrating on reliability concerns

* Reliability Journal Articles.doc

— compilation of all the journal articles in the library
— précis and/or notes for reviewed articles

* Reliability Reports and miscellaneous.doc & Reliability on websites.doc
— compilation of the reports, electronic files, and web-sites that are available
— précis and/or notes for reviewed materials

» Guide to Reliability Planning notes.doc (Guide to Value Based Reliability Planning (1/96))

13



Electronic Versions Include Summaries of Reviewed Documents

Reliability: NERC/FERC Convergence
K. Jennifer Moroz; CEA Electricity Conference; March, 1999; Vancouver, Canada.

The author summarizes the legislation proposed in the US by NERC and by the US Department of Energy that would make reliability standards
legally enforceable. Deregulation has made voluntary compliance with reliability standards unlikely. The formation of a new North American
Electric Reliability Organization (NAERO) overseen by the FERC would ensue. The impact on the Canadian electricity industry of these
developments is examined and possible responses to the evolving regulatory situation in the US are discussed. The “Principles for Regulatory
Support of Electricity System Reliability” developed by the CEA in 1997 (included in an Appendix) must be reviewed in light of the proposed
US bills on reliability.

Notes: (hidden text)
Summary)
-NERC and USDOE both proposing legislation that would make reliability standards legally enforceable

-would give FERC extensive role in governance of a reliability organization

Distribution System Reliability Handbook (12/82)

EPRI EL-2651; Research Project 1356-1 Final Report; Prepared by Westinghouse Electric Corporation; Principal Investigators: S. J. Kostyal, T. D.
Vismor, R. Billinton

The objectives of this research project are in striking alignment with those of the present project, beginning with a compilation and an organization of
reliability assessment techniques in use in 1981. A 3-volume final report (see below, EL-2018) documents the research. This practical distribution
handbook for EPRI client utilities arose from the project. It describes the assessment models in detail, models for historical reliability assessment
(HISRAM) and predictive reliability assessment (PRAM), which were successfully tested and executed at two ultilities. It also includes practical
guidelines for reliability assessment. It contains an extensive bibliography on distribution system reliability evaluation grouped into (a) analysis and
applications, (b) outage data, and (c) reliability economics and indices; including abstracts for the most significant articles.

Notes: (hidden text)
(see notes below on the 3 volume set on the project that led to this handbook)
v)-adequate data lacking in distribution, as opposed to transmission and generation



Subject Catalog

» 1) Measuring and Defining Reliability:
— a) Definition and perception (Customers’, utilities’, regulators’ perception of reliability)
— b) Indices
— C) Loss-of-Load Probability (LOLE/LOLP)

* 2) Faults:
— a) Failure rates by equipment type (circuits, transformers, capacitors, cables, poles)
— b) Durations
— ¢) Causes (rural vs. urban, weather, peak loading, accident, sabotage)

— d) Classes (transmission vs. distribution; brownouts/blackouts; multiple contingency events, self-
clearing events, system trips, switching events)

* 3) Maintenance & Changing Reliability (in distribution)
— a) Equipment types
— b) Policies
— ¢) Engineering to change reliability

* 4) Regulatory Issues

* 5) Power Quality

* 6) Reliability Modeling

e 7) Pricing
— a) Interruptible Rates
— b) Differentiated Pricing (reliability, service, quality)

15



Distribution Reliability in the Literature

e Literature Survey

* Reliability Library

* Definitions of Reliability
* Measurement of Reliability

* Value of Reliability

* Analysis Methods

« Summary and Implications
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Definitions of Distribution System Reliability Usually Involve Continuity
and Quality of Service

« “The degree of performance of the elements of the bulk electric system that results in
electricity being delivered to customers within accepted standards and in the amount
desired.”

and

* “Reliability may be measured by the frequency, duration, and magnitude of adverse effects on
the electric supply.”

(North American Electric Reliability Council)

 There are 3 main aspects to electric system reliability
— Adequacy: capacity and energy to meet demand
— Security: ability to withstand disturbances
— Quality: acceptable frequency, voltage, and harmonic characteristics

* Operational definitions of reliability depend on perspective



Power System Reliability Perspectives

Reliability
Utility Customer
Perspectives Perspectives
Service Curtailment
| : | _ - frequency
Planning Operations - duration
1. Generation Reserve Margin - stability - timing (hours, season, etc.)
LOLP, LOLE, EUE, - security - magnitude (partial or total)
LOEP, Etc. - component reliability - advance notice
- spinning and hot-start reserves - persistence
- area control -coverage
2. Sub-Transmission - Frequency and duration hﬁ(rjrgroPrES ency load sheddin
and Distribution of interruptions ; tomati((:qlljoad }r:md enerationgre'ection
(e.g., CAIFI, CAIDI, ! g )
SAIFI, SAIDI)
3. Fuel Supply Adequacy of energy Fuel
supply capability, 1.e., Stockpile sizing

generation fuel, fuel

mix (strategic reliability)
from Cost-benefit analysis of power system reliability:
Determination of interruption costs; Volume 1 (5/90)
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A Decision Perspective

-system configuration
modifications

Utility

-component upgrades decisions

-reserve margin

Utility / q

characteristic7/

Power system
reliability model

Customer
service
impacts

-system configuration
-component condition
-system stability
-system security

-outage frequency,
duration, timing,
-power quality

‘ Our view of the information in the literature, organized to facilitate analysis I
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Distribution Reliability in the Literature

e Literature Survey

* Reliability Library

» Definitions of Reliability

* Measurement of Reliability
» Value of Reliability

* Analysis Methods

« Summary and Implications
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A Large Assortment of Reliability Indices are Used

More than 40 indices mentioned in literature

SAIFI: System Average Interruption Frequency Index
=(# of customer interruptions)/(total customers in system)

SAIFI1 & SAIFI2: distinguish permanent and momentary outages

SAIDI: System Average Interruption Duration Index
=(sum of durations of all customer interruptions)/(total customers in system)

CAIFI: Customer Average Interruption Frequency Index
=(# of customer interruptions)/(# of customers who had at least 1 interruption)

CAIDI: Customer Average Interruption Duration Index

(a) =(sum of durations of all customer interruptions) /(# of customers who had at least 1
interruption) OR

(b)=(sum of durations of all customer interruptions) /(# of customer interruptions)

ASAI: Average Service Availability Index
=(customer hours of available service)/(customer hours demanded)

ATPII: Average Time per Interruption Index (?)
=(sum of durations of all system interruptions)/(# of system interruptions) (?)

CMPII: Customer Minutes per Interruption Index (?)
(b) of CAIDI (?)

‘ The system indices most commonly used are SAIFI, SAIDI, CAIDI, ASAI I
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Utilities Use Different Indices

Indices used both for internal planning and for regulatory purposes
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Measuring reliability of electric service is important, Beaty, W. (5/93)
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Reliability Data is Available in a Variety of Documents

IEEE Gold Book

Canadian Electricity Association (CEA) Equipment Reliability Information System (ERIS)
— Distribution system equipment report under development
— Annual reports on transmission and generation equipment presently published

— CEA data collection includes American utility participants

Recent journal articles and CEA report
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Distribution Reliability in the Literature

e Literature Survey
* Reliability Library
» Definitions of Reliability

* Measurement of Reliability
* Value of Reliability

* Analysis Methods

« Summary and Implications
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Value of Reliability: Which Aspects of Reliability are Important to
Customers?

* Qutage rates

e Outage durations

* Power quality issues
— Fast voltage fluctuations
— Short duration voltage variations
— Long duration voltage variations
— Harmonic distortion

 Warning

25



Power Quality is a growing concern

Modern equipment requires cleaner electrical power

Standardization of power quality measurement
— |EEE Standard 1159
— CEA has defined 25 power quality indices

— Comité Europeén de Normalisation Electrotechnique (CENELEC)
EN 50160

No value-based approaches to power quality have been discovered that integrate customer
value data into system planning
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Distribution Reliability in the Literature

e Literature Survey

* Reliability Library

» Definitions of Reliability

* Measurement of Reliability

* Value of Reliability

* Analysis Methods

« Summary and Implications
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Both Historical Reliability and Predictive Reliability are Discussed

» Historical reliability analysis is more common in the literature
— recording of events
— compilation of events

— comparison of performance

» Predictive reliability application is described in more recent citations
— distribution system model permits prediction of performance
— a value-based approach allows consideration of customer costs

— few software applications exist; virtually all non-commercial

28



Reliability Modeling Approaches

Reliability Modeling

s A
Analytic
Assessment
| | > Techniques for
Simulation Outage
Load Point Component Exposure
Outage Failure
I |
\_ J
Load-
Aggregated Individual Contingency Point Demgg?;Egergy 'é?ﬁ;gi Basic Sygtem
Outages Load Point Enumeration Outage A ro%ch A rogch Indices Indices
Approach PP PP Approach Approach

N _/

Approximations to Contingency Enumeration
(levels of aggregation of outages)

uoIe|NWNIY 1S0D)



Simulation is a Computationally Intensive Approach to Reliability Modeling

* Monte Carlo simulation involves
— specification of system configuration
— specification of statistical distributions of failure events and restoration times
— random generation of failures and restoration times on model components

e Simulation produces
— not only reliability indices but also confidence limits on these average results
— insights into ‘worst case’ and ‘best case’ scenarios

e Applications of simulation are limited because
— costs are relatively high

— failure statistical-distribution data is scarce and unproven
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Analytic Methods Can be Used in Distribution System Reliability Modeling
for Predictive Reliability Assessment

A=A+ A
Source Load eq 1072
— Anl Ay, I,
| .. ATt At A A1 1
Series eq Aeq
Equivalent System Soufce Aeqs Teq LQad
Parallel N = AL A, (1 +15)
eq 1+4+A.r, + AT
\ 111 2l
1, 1
Source Load
(= b
)\2, r2 = r1+r2

These methods are based only on expected values of failure and restoration distributions. As such they
are only approximate.
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Analytic Approaches

Load-point outage reliability assessment involves

sequential consideration of customer load points
identification of failure events isolating the load point
summing consequences of failure events on each load point, then summing across load points

computationally faster than the component failure approach

Component failure reliability assessment involves

sequential consideration of each component in the system
identification of load points isolated by failure event

summing consequences on load points from component failure events, then summing across
components

produces same total customer interruption cost result as the load-point approach using
contingency enumeration cost accumulation

32



Contingency Enumeration is the Most Detailed and Accurate Cost
Accumulation Approach for Existing Analytic Techniques

« Each failure mode and load-point effect treated individually

* Assumes average frequency and duration for each contingency

» Accounts for nonlinearity of load-point customer damage functions (cost vs. duration)

« Appropriate for distribution system applications with single-customer-class load points

* Some approximations to contingency enumeration have been shown to produce inaccurate results for
a test power system

33



Other Cost Accumulation Approaches Approximate Contingency Enumeration

Costing of Load-Point Outage Events
— Is appropriate for subtransmission as load points serve diverse mix of customers

— uses customized outage cost function for each subtransmission load point

Basic Indices Approach
— uses the basic indices of each customer load point, A, r (and U)

— compiles all failure events into average failure rate and failure duration for the customer load
point before costing

Demand/Energy Outage Approach & Energy Outage Approach

— obtains the demand and energy outage by customer sector before costing

System indices approach

— uses only system indices (SAIFI, CAIDI) and a composite energy outage cost
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Some Reliability Modeling Efforts are Described in the Literature

“Application of customer-interruption costs for optimum distribution planning,”

Mok, Chung; Energy (96)
— total cost minimization evaluation of 11 distribution system capital improvement projects

series-parallel reduction analytic approach
minimal cut-set theory for mesh distribution systems

“Value-based distribution reliability assessment and planning,”

Chen, Allan, Billinton; IEEE Trans. Power Delivery (1/95)

1992 application at Scarborough Public Utilities Commission
spreadsheet implementation comparing feeder capital-improvement projects

comparison of load-point and component failure approaches with contingency enumeration cost
accumulation

25% reduction in customer-outage minutes after one year

“Computer Programs for Reliability Evaluation of Distribution Systems,”

Billinton, et. al. International Power Engineering Conference, (3/93)

employs SUBTREL and DISREL on reliability test system (RBTS)
demonstration of capabilities of reliability modeling programs in general
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Reliability Modeling Efforts (continued)

* “Prediction of Customer Load Point Service Reliability Worth Estimates in an Electric Power
System,” Goel, Billinton; IEE Proc. Gen., Trans., Dist. (7/94)

— load-point outage analytic approach

— contingency enumeration, basic indices, system indices cost accumulation
— applied to generation, transmission, distribution test system

— demonstrates that cost accumulation approximations inaccurate

* “Reliability and Quality Comparisons of Electric Power Distribution Systems,”
Settembrini, Fisher, Hudak; Proc. of T&D Conference, IEEE (9/91)

— rough calculations using series-parallel reduction analytic approach
— comparison of 7 common distribution system designs on outage frequency and duration

* “Using Customer Outage Costs in Electricity Reliability Planning,” Forte, Putnam, Pupp, Woo;
Energy (2/95)

— Niagara Mohawk Power Corporation case studies of T&D projects with and without consideration of
customer outage costs

— examine the relative impact of differing reliability levels on one failure event so don’t implement
distribution system model
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Reliability Modeling Efforts (continued)

* “A Method for Estimating the Reliability of Distribution Circuits,”
Gilligan; IEEE Trans. Power Delivery. (4/92)

— quick, simple calculation to compare relative outage exposure of existing circuits with an
emphasis on environmentally caused outages (e.g., trees)

— used at San Diego Gas & Electric to focus attention on problem distribution circuits

« “Effects of adverse weather conditions and higher order outages on customer interruption
costs in electric subtransmission systems,”
Goel, Billinton, Gupta; Electric Power Systems Research (12/94)

— load point outage analytical approach with load point cost accumulation at the sub transmission
supply points

— application of SUBTREL to a reliability test system to assess impact of different contingencies on
the reliability indices
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Some Predictive Reliability Modeling Software has been Developed

« PRAM

EPRI, early 1980'’s, punch-card inputs and tape memory; not updated, no post development uses
reported

load-point-outage, analytic approach
radial systems, no redundancy

outages not enumerated, so cost accumulation by contingency enumeration not possible

- SUBTREL, DISREL

Master’s theses: University of Saskatchewan (1991, 1985)

not commercial; no treatment of customer outage costs

« EDSA Products

web-site states that EDSA has only software (commercial) that performs distribution system
reliability analysis

— capabilities assessed (~1992) as more suited to sub-transmission

— cost from $35,000 to $60,000
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Predictive Reliability Modeling in Practice

In-house software

50%
Analytic 50, Manual calculations
Do predictive reliability 10072
assessment 0% Commercial software
25%
Simulation
0%
. S 1992 survey of 51 utilities
75% o predictive reliability Guide to Value Based Reliability Planning (1/96)

Godfrey, Billinton; CEA 273 D 887

* A value-based approach to distribution system planning can be applied to

establishing engineering design criteria

distribution circuit design and prioritizing investments among circuits

substation design

rating transformers

evaluating maintenance procedures and scheduling (e.g., tree trimming, equipment replacement)
evaluating cost-effectiveness of specific investments

evaluating cost-effectiveness of distributed generation and DSM

Outage cost estimation guidebook (12/95) EPRI-TR-106082
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Distribution Reliability in the Literature

e Literature Survey

* Reliability Library

» Definitions of Reliability

* Measurement of Reliability
* Value of Reliability

* Analysis Methods

« Summary and Implications
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Library status

« Established areliability library
» All topic areas covered by a comprehensive collection of reports, articles, and websites
* Extensive set of materials summarized and organized in electronic files
* Avenues to explore
— Efforts of and availability of data from NERC and its regional groups

— Citation searches on key reliability modeling documents to confirm scarcity of recent modeling
articles
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Key Points From the Literature

e Scope of problem:
— 80% of unavailability per customer from distribution system
— 19% transmission
— 1% generation

“Application of customer-interruption costs for optimum distribution planning,” Mok, Chung; Energy, (96)

* Theoretical, conceptual frameworks exist for analyzing reliability

« Concept of value-based distribution reliability modeling has been developed in the literature
* Few applications reported

* No decision framework reported in the literature

* Unable to identify any usable software for decision making
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Summary of Analysis Methods

e Simulation
— Theoretically able to capture full range of system behavior, not just expected values
— Cumbersome and impractical
— Large, complex program, extensive data set(s)

* Analytic

— “Analytical methods make use of only point estimates of component mean time to failure, repair
and restoration times, which implicitly assumes that all these times are exponentially distributed.”

— Does not provide complete distribution of system impacts

— Hence, underestimates reliability costs
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Analysis Gap and Opportunity

* Analysis Gap

— Middle level strategic approach both natural and needed.

— Need not rely on artificial assumptions

— Can capture full range of system behavior, especially rare events and consequences
* Analysis Opportunity

— Detail appropriate to investment analysis

— Similar structure to successful LoadDynamics Model

— Goals: realistic, easy to use, simple data set
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INEEN Reliability & Customer Service

¢ Do you have a local reliability objective?

— No except for special customers

¢ Do You know what customers want?
— Yes. Survey data show that less than 4 outage is ok
— Yes. If outages less than 4 per year customers do not complain
— Yes. Get complaints if duration > 8 hours
— Not really. Know for a few customers but not many

— A more important question is “do we know what they are willing to pay -
the answer is no”

¢ Can customers distinguish among levels of reliability?
— Yes but some do not understand why theirs is lower than other customers

— Yes and customers are becoming more perceptive of reliability - because of
equipment (computers, etc.)

— Yes - are happy if have less than 4 outages per year

— No except to indicate if they are dissatisfied or not Errl



INEEN Reliability & Customer Service

¢ Do you have a planned minimum level of service?
— Yes. Disruptions < 4 times year, duration < 4 hours
— Yes. CAIDI, SAIFI, Others - does not vary by customer class

— Yes have a system level target but not by customer class

¢ Should rates be tied to level of reliability?
— No. Not ready to base rates on reliability
— Do not know

— In a perfect world yes. Is an issue worth addressing. Would require a
different way of doing business

¢ Do you have situations where customers pay higher rates for
Improved service
— Yes but the situations are few
— No but some customers pay for special equipment
— Some customers pay for dedicated reserve

— Have had discussions with customers but nothing has resulted from these
(e =]



IEEN AJing Assets - Objectives &
Approach

¢ Objective: Identify the relevant categories of assets

¢ Objective: Gather enough information to start to
structure the decision problem

— Decision alternatives
— Uncertainties
— Qutcomes

— Value of better information

¢ Approach:

— Have the user fill in an assessment spreadsheet that has the asset
categories on one axis and the questions on the other

— Answers go in cells and can be in any combination of numbers and
words

=2l



BN Categories of Assets - Current

® & & & & > oo o

List
Transformers

— Substation

— Distribution (pole or pad) < 2MVA; $550 - $5000
Overhead conductors & pole mounted hardware
Underground cables (including splices and terminations)
Poles
Voltage regulators
Capacitor banks
Phase shifters
Transmission towers

Other - specify
=2l
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INEEN Questions - for each category

¢ CAUSE: What causes the asset to need to be repaired or replaced?
— Age?
— Maintenance or lack of?
— Over loading?
— Weather?
— Other -- specify?

¢ IMPACT: Does a failure have a large impact because it:
— impacts lots of customers?
— results in a long duration event?

— other?

¢ QUANTIFY RISK:

— What is the p(failure) in any given year?
— How specifically does the p(failure) change with age?
— When an asset fails, what is the cost to repair or replace?

_ _ _ (e =]
— When the asset fails, how long does it take to repair or replace?
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IEEEN Outline

=) @ Project Review
€ System Objectives
@ Project Valuation

& Current Status



BEEN Project Overview

@ Objective: Create new asset management &
Infrastructure planning capability

®Phase 1

— Task 1: Develop new problem solving framework and train
distribution planners to use the framework

— Task 2: Identify the analytical tools & capabilities needed to
support the new framework

@ Phase 2
— Task 1. Design

— Task 2: Implementation

— Task 3: Testing



BEEN Approach - Use System Analysis
to Develop Problem Solving
Framework

@ Problem recognition & formulation - Done
@ Analysis - Done

#® High-level design - Done

@ Detailed Design - Underway

€ Implementation - Underway

@ Testing



IEEEN Problem Statement

“AEP does not currently evaluate and compare all distribution
projects. The value of doing a particular project is not
compared with the values of competing projects. For the
projects that are evaluated, AEP is not satisfied with the current
procedures.”



B EEN Analysis

INPUTS

«Corporate budgets
*Projects + Alternatives
*Objectives

*Values

e Attributes

OUTPUTS

*Project Rankings
Portfolio of projects
*Timing of projects

*\Value of additional
budget

*Risks
*Profits

*Costs

TRANSFORMATION
PROCESS

e Attribute + values +

objectives
Benefits ?

*Projects + Alternatives
Budget requirements >

*Benefits + budget req’ts
Portfolio E

*ABudgets

A Portfolio E



IEEN High -Level Design

\ Objef:t.ive_ \
Specification Budget .
Specification
Value \
Specification
Attributes > »| Project ,| Portfolio
Specification Analysis Design
\ Proj.e(?t' \ T ‘
Definition
—*| Alternatives | —» / Portfolio

[




IEEN Detailed Design

@ Define data-gathering process

@ Specify data-gathering procedures
@ Review project analysis procedure
@ Review portfolio design procedure

@ Define outputs & specify form of output reports



BEEEN |mplementation & Testing

€ Build and use system.

€ Build and provide a course in system use and
problem solution techniques.

@ Solve case studies.
@ Test system.

@ Provide continuing support/modifications.

Outcome: Tested system in use at AEP. Support
AEP and update system as needed.



IEEEN Outline

@ Project Review
=) ¢ System Objectives
€ Data Requirements

& Current Status
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IEEN System Objectives

€ Software to manage and compare large numbers of diverse
activities.

€ Ability to quantify what is lost from insufficient funding.
€ Multiple performance measures for mutliple objectives.
@ Level playing field for all projects.

€ Techniques for resolving differences of opinion and
determining which differences matter.

@ Explicit defensible logic for peer review.

€ Analysis of uncertainty.

11



RN \Vhat we seek to provide

€ Completeness: Performance measures reflect everything
Important for decision making.

@ Logical Soundness: Procedures and decision rules justified
by theory or empirical data.

€ Accuracy: Detect and remove errors and biases.

@ Practicality: Reasonable cost in time and resources to
apply system.

@ Acceptability: System is compatible with existing business
practices.

@ Effectiveness: System produces benefits worth the costs of
development and application.
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RN \\Vhat you should expect

@ Use limited resources more effectively
— eliminate biases and errors
— promote consistency and level playing field
— provide insights that suggest new alternatives

— control the role of politics

€ Improve decision-making efficiency
— incorporate all relevant information
— Involve stakeholders
— reduce incentives for lobbying

— motivate action



RN EXxpectations -- cont’d

€ Improve decision-making defensibility
— document underlying assumptions and decision logic
— promote consensus

— provide “what if” analysis
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ARl \\Ne cannot...

€ Eliminate necessary efforts to identify and collect
relevant information.

€ Diminish the critical role of leadership and
judgment.

@ Increase decision defensibility without exposing
the logical (or illogical) basis for the decision.

® Ensure that stakeholders with different values
and objectives will agree.
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IEEEN Outline

@ Project Review

€ System Objectives
=) @ Project Valuation

@ Current Status
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BEEEN Data Requirements

@ Truth ($) or Consequences (of decisions)

€ Consequences of decisions

— Performance Measures = scale of units for measuring
performance against objectives.

— Weights= relative importance of objectives, measures
decision-makers’ willingness to trade off competing values.

@ Value = weighted sum of performance measures.
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RN Specification of Attributes

Improve Portfolio Performance

|

Improve Distribution
System Performance

Improve Financial
Performance
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RN Specification of Attributes

(cont’d)

Improve Distribution
System Performance

Improve Service
Reliability

Minimize Safety
Risk

Provide Service
Quality




RN Specification of Attributes

(cont’d)

| nprove Fi nanci al
Per f or mance

Cost s
Future Current
—— Capital ——  Capital
— &M — oM
—— Sal vage ——  Sal vage
—— Renoval —— Renoval

Revenue

Lawsuit R sks

Lost
Cust oners

New
Cust oners
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IEEEN Outline

@ Project Review
€ System Objectives
@ Project Valuation

mmp ¢ Current Status
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IEEN Development Plan

Project Information System

Refine Attributes
Definitions

Milestone 1:
Conceptual Software Specifications Build Prototype Software
(project information system) T
Develop conceptual level Develop detailed level Project Ihr?fll)erﬁg?gr?:s stemn
software specifications software specfications ! ' y
software
Milestone 3:
—P> Deve!op prototype —P> Develop Attribute Quantification Models Attribute Measurement

attribute scales Guidebook

Analysis Methods & Software

. . . Milestone 4:
Develop Project and Portfolio Analysis Software 4{Prototype Analysis Software ]
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IEEEN Problem Statement

¢ ConEd does not know the best way to

¢ (a) respond to the fact that assets in the 4 kV system
are aging,

¢ (b) address the possibility of overloads in the 4 kV
system, and

¢ (c) achieve an appropriate level of reliability in the
4 kV system
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IEEEN Solution

¢ The solution to the problem is an investment /
maintenance strategy

¢ The strategy is selected to respond in a “balanced”
manner

¢ A balanced strategy weighs the effects of actions
taken on all relevant aspects--costs, reliability, aging
assets, overloads,...
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RN Focus of the Project

¢ Model reliability in the distribution system

¢ Solve specific problem: what to do at Rosedale
substation

¢ Evaluate alternatives
— Do Nothing
— Add capacitors
— Replace the substation transformer
— Connect to 27kV supply but retain 4 kV connection

— Replace 4 kV system; change all secondary wires; network
configuration
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I EEN Analytic Approach

¢ Define -- how to describe the behavior of the system
with respect to reliability

¢ Measure

— arrival rates of interruptions, component failures
— average duration until restoration, based on failure events

— customers affected, based on failure events
¢ Value -- identify worth of being in a state

¢ Control -- identify decisions that can change state
occupancies
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