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Agenda  
2000 EPRI Distribution Planning Workshop 

Chicago, December 11 - 12 
 

 
MONDAY DECEMBER 11  

AFTERNOON – PAST WORKSHOPS AND 2000 STATUS REPORTS 

WELCOME & INTRODUCTIONS ROUNDTABLE A. Boutsioulis 1:00 - 1:15 

REVIEW/MODIFY AGENDA A. Boutsioulis 1:15 – 1:25 

OVERVIEW OF RESULTS FROM 1999WORKSHOP S. Chapel 1:25 – 1:45 

OVERVIEW & DISCUSSION OF EPRI R&D PORTFOLIO – 
2000 PROJECTS 

S. Chapel 1:45 – 2:15 

BREAK  2:15 – 2:30 

STATUS REPORT – CUSTOMER VALUE PROJECT C. Feinstein 2:30 – 3:30 

STATUS REPORT – RELIABILITY  PROJECT - INTRODUCTION C. Feinstein 3:30– 4:00 

STATUS REPORT – RELIABILITY  PROJECT –SNOHOMISH 
MODEL 

Bob Fletcher 4:00 – 4:30 

CUSTOMER VALUE & RELIABILITY - DISCUSSION S. Chapel 4:30 – 4:50 

REVIEW AGENDA FOR TUESDAY A. Boutsioulis 4:50 – 5:00 

RECEPTION  6:30– 7:30 

 



 

 

 
TUESDAY DECEMBER 12 

MORNING – 2000 STATUS REPORTS - Continued 
CONTINENTAL BREAKFAST  8:00 – 8:30 

UTILITY REPORT – PROJECT PRIORITIZATION Bruce Hirsch 
BGE 

8:30 – 9:00 

STATUS REPORT – PROJECT PRIORITIZATION C. Feinstein & 
S. Chapel 

9:00 – 10:15 

BREAK  10:15 – 10:30 

STATUS REPORT – AGING ASSETS C. Feinstein & 
S. Chapel 

10:30 – 11:30 

2000 STATUS REPORTS - DISCUSSION S. Chapel 11:30 – 12:00 

REVIEW AGENDA FOR AFTERNOON A. Boutsioulis 12:00 – 12:10 

LUNCH  12:15 – 1:15 

 
AFTERNOON – BRAINSTORMING FOR 2001   

BRAINSTORMING: --  FILLING IN DETAILS FOR THE 2001 
PROJECTS 

• Aging Infrastructure 

• Project Prioritization / Capital Budgeting 

• Measuring & Valuing Reliability  

• Assessing Customer Needs 

• Other 

Facilitator – 
John Nesbitt 

 

1:15 – 2:45 

BREAK  2:45 – 3:00 

CONTINUE BRAINSTORMING 2000 PROJECT DETAILS  3:00 – 5:00 

ADJOURN   5:00 

RECEPTION  6:30– 7:30 
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Review of 1999 Workshop

Steve Chapel

schapel@EPRI.com

December 2000
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Agenda

♦ Overview

♦ Planning work 1996 - 2000

♦ 1999 Workshop conclusions & action items
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Overview - 1999 Workshop

♦ Results from 1998 workshop

♦ Overview of planning projects

♦ Status reports & results
– Investment Strategy Model

– Customer needs

– Reliability 

– Aging infrastructure

– TC projects

♦ Brainstorming - input to EPRI for 2000 projects

♦ Role of distributed generation in distribution
– DR Evaluation in New York

– EPRI Report:  “Strategic Role of DR”
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Planning Work 1997 - 2000

♦ December 1996 Chicago Focus Group

♦ 1997 - 1998
– Create the portfolio - projects in Distribution Systems Target

– Produce V1.0 Area Investment Planning Tools

♦ 1999
– Start work on Customer Needs & Reliability projects

– V1.5 Strategy Model & V2.0 LoadDynamics 

– Methodology design for Project Prioritization (AEP)

♦ 2000
– Customer Needs & Reliability

– Project Prioritization 

– Aging Assets

– Area Investment Planning
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1999 Conclusions & Action Items

♦ Conclusions: 
– Review of projects confirmed should proceed with the planned 

project tasks
– EPRI is on track with the project plans put in place at the start of 

1999.  There were no suggested mid-course corrections.  

♦ Action Items not covered by existing R&D plan
– Aging Asset Survey:  Incorporate the attendees suggestions into the 

survey and send the survey to all attendees.  The workshop 
attendees agreed that it would be useful to get everyone to answer 
the questionnaire. 

– Reliability Survey:  Administer the survey to four more companies 
and summarize the results in a short paper. 
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Distribution Business Planning 
Project Portfolio

♦ Planning Tools & Information
– Capacity expansion - Area Investment 

Planning
– Capital Budgeting / Project Prioritization

» Project Information System
» Project portfolio software

– Repair / replace - Aging Assets project
– Maintenance - RCM
– Reliability Planning Model
– Customer Value Framework

♦ Supporting research:
– Measuring & Valuing Reliability
– Assessing Customer Needs
– Investment Economics
– Role of Distributed Resources

Ca
pi

ta
l B

ud
ge

tin
g

Pr
oj

ec
t P

ri
or

iti
za

tio
n 

Sy
st

em

M
ea

su
rin

g 
&

 V
al

ui
ng

 
Re

lia
bi

lit
y

M
an

ag
in

g 
Ag

in
g 

A
ss

et
s

As
se

ss
in

g 
Cu

sto
m

er
 N

ee
ds

A
re

a 
In

ve
stm

en
t S

tra
te

gy
St

ra
te

gy
 M

od
el

Lo
ad

 D
yn

am
ic

s M
od

el



1

Distribution Business Planning
R&D Portfolio

Overview of Projects

Stephen W. Chapel

schapel@epri.com

December 2000
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Outline

♦ Business planning issues

♦ Projects
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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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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

Net Invest.
Gen. =  $8.7B

Tran. =  $4.5B

Dist. = $13.5B

Total = $26.7B

Generation Generation

A

B

230 KV

Backbone Transmission Grid

C

230/116

115/12 115/12

230/69

69/4
69/12

Distribution Planning
Area 1

Distribution Planning
Area 2

GENERATION
PLANNING

TRANSMISSION
PLANNING

DISTRIBUTION
PLANNING
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Opposing Trends are Changing 
the Business 

♦ Increasing levels of key 
drivers

– Competition

– Regulatory & Corporate scrutiny 

– Customers demand for 
reliability and service quality

– Technology change 

♦ Reduced budgets & reduced 
local autonomy

♦ Together these are creating a 
collection of problems

•Competition
•Customer Needs
•Technology 

•Budgets
•Local Control

Time

Le
ve

l
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Nature of Distribution Business 
Planning Problem

Local Area
Decisions

Local Area
Decisions

Technology
Demand for 

Services

Regulators

Existing
Assets

Corporate
Policy

Corporate
Policy

Req’ts

Req’ts

Alternatives,
Consequences

Budgets,
Policy
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Specific Problems

•Capacity expansion
•Reliability
•Aging assets
•Customer needs & valuesLo

ca
l A

rea

Corporate

•Capital budgeting
•Objectives
•Budget signals
•Operating policy & strategy
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Outline

♦ Business planning issues

♦ Projects
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Distribution Business Planning 
Project Portfolio

♦ Planning Tools & Information
– Capacity expansion - Area Investment 

Planning
– Capital Budgeting / Project Prioritization

» Project Information System
» Project portfolio software

– Repair / replace - Aging Assets project
– Maintenance - RCM
– Reliability Planning Model
– Customer Value Framework

♦ Supporting research:
– Measuring & Valuing Reliability
– Assessing Customer Needs
– Investment Economics
– Role of Distributed Resources
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10Prod 1 in 2000 solicitation

Managing Aging Distribution  
Assets

♦ Objective:  Logical framework, analysis methods & 
data to guide repair / replace decisions & policies

♦ Features:
– Methodology builds upon extensive industrial applications & 

operations research principles.

– Decision framework tailored to specific problem of electric 
distribution infrastructure 

– Define projects for input to project prioritization  
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Managing Aging Distribution  
Assets - Task List

1. Problem identification
1. Literature review

2. Interviews
3. Analyze survey data

2. Case studies:  solve real-world problems - develop methods and 
provide case examples 
1. Economic decision models

2. Failure rates / failure mode modeling
1. Identify and assess the adequacy of failure rate data.
2. Document the state-of-understanding of root causes of failure 

3. Training workshops

4. Research report
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Managing Aging Distribution  
Assets - Deliverables

♦ 1999:  Begin to structure problem & gather some data

♦ 2000
– Research Status Report: Literature review, Formulation of solution method, 

Survey results, Case study example

– Case study 

♦ 2001 and beyond
– Tool for developing repair replace policies - decision framework & software 

– Equipment failure probabilities  
» Identify, document and evaluate sources of data
» Create Failure mode models for asset types - identify relationships
» Structural models to overcome lack of data

– More case studies

– Training workshops
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Specific Aging Asset Options for 
2001

♦ Tool for developing repair / replace policies -

♦ Equipment failure probabilities  
– Identify, document and evaluate sources of data

– Create Failure mode models for asset types

♦ More case studies

♦ Training workshops

♦ Other?



14Prod 2 in 2000 solicitation

Prioritizing Distribution Projects

♦ Objective:  Analysis method & project information to: 
– Evaluate projects consistently & objectively 
– Select best portfolio of projects given a budget constraint

♦ Features:
– Consistent evaluation of projects wrt corporate objectives (e.g., 

financial, customer satisfaction, environment, safety)
– Project attribute measurement methodology
– Streamlined data entry
– Automated method for creating “Project Information System” 

databases 
– Portfolio analysis method & software
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Prioritizing Distribution Projects 
- Task List

1. Project information system
1. Develop & test method for measuring project attributes and scoring projects

1. Natural units
2. Value scales
3. Weights

2. Develop & test automated method for creating “Project Information 
System” databases, including data entry 

2. Analysis software
1. Design mathematical model for portfolio analysis

2. Implement the model as software

3. Test and validate the methodology & software
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Prioritizing Distribution Projects 
- Deliverables

♦ 1999:  Design project value measurement method (AEP)

♦ 2000: Implement general method for project value measurement 
(AEP, BGE) 

– Method for measuring project attributes and scoring projects

– Automated method for creating “Project Information System” databases 

♦ 2001 and beyond
– Analysis Software - project evaluation and portfolio analysis

– Implementation & testing at TC companies (Analysis software & Database 
System)

– Implementation at additional companies (Analysis software & Database 
System)

– Refinement of  “Project Information System”  method
» Reduce data entry burden
» Refine methods for assessing reliability consequences
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Specific Project Prioritization 
Options for 2001

♦ Analysis Software - project evaluation and portfolio analysis

♦ Implementation & testing at TC companies (Analysis software & 
Database System)

♦ Implementation at additional companies (Analysis software & 
Database System)

♦ Refinement of  “Project Information System”  method
– Reduce data entry burden

– Refine methods for assessing reliability consequences

♦ Other?
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Analyzing & Valuing Reliability

♦ Objective: Tools for analyzing and valuing reliability; 
quantify cost / reliability tradeoff 

♦ Features:
– Methods 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 

Prod 5 in 2000 solicitation
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Analyzing & Valuing Reliability -
Task List

1. Literature survey and analysis including methodology review

2. Definition of reliability

3. Structure approaches to measuring reliability

4. Define data requirements for valuing reliability

5. Identify alternatives for changing reliability

6. Design reliability models

7. Integrate reliability into planning software

8. Testing and validation



20

Analyzing & Valuing Reliability -
Deliverables

♦ 1999
– Extensive literature review  

– Conceptual design for planning tools

♦ 2000
– Review  and design of reliability planning algorithms 

– Design of methods for explicitly incorporating reliability metrics into project 
prioritization

– Review of Snohomish Model (DS-RADS) 

– EPRI report

♦ 2001 and beyond
– Algorithms & software 

» Reliability-based area capacity planning
» Reliability forecasting & system design - Snohomish model

– Extension of theory to address rare event /high consequence situations

– Develop outputs that represent ultimate customer outcomes.  (Not just 
indices.) 
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Specific Reliability Options for 
2001

♦ Algorithms & software 
– Reliability-based area capacity planning

– Reliability forecasting & system design - Snohomish model

♦ Extension of theory to address rare event/high consequence 
situations.  

– Networks in city downtown centers are vulnerable to rare events that have 
great impacts; e.g., lose the Chicago Loop

♦ Develop outputs that represent ultimate customer outcomes.  
(Not just system indices.)

♦ Incorporate Customer Values work into reliability analysis.  
– NOTE:  it is not possible to do value-based reliability planning if the focus is 

restricted to system engineering.  The consequences of doing a project must 
be related to customer values.
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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 reliability planning and capacity 
planning 

» Reliability based investment planning 
» Project prioritization 
» Area investment planning tools

Prod 17 in 2000 solicitation (Higher in 2001)
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Assessing Customer Needs -
Original Task List

1. Literature survey and analysis

2. Customer needs classification

3. Specify customer segmentation

4. Research design - to test customer segmentation

5. Conceptual design for value model

6. Define value model data assessment methodology

7. Construct value model

8. Validate model
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Assessing Customer Needs - New 
Task List

1. Literature survey and analysis
1. Customer needs classification

2. Specify customer segmentation

3. Conceptual design for value model

2. Review and document assessment methodology

3. Construct value framework

4. Value model parameter assessor

5. Validate framework
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Assessing Customer Needs -
Deliverables

♦ 1999: Extensive literature review 

♦ 2000: Value Framework
– Conceptual design for customer value model 

– Implement value model - The Framework

– EPRI Report documenting
» Value framework
» Current state of information on customer needs 
» Customer value assessment methods

♦ 2001:  You tell us
– Value model parameter assessor?

– Other - validate approach in application studies?
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Specific Customer  Needs Options 
for 2001

♦ Create a tool for assessing the customer model 
parameters

♦ Create a screening tool that can quickly determine 
whether projects make sense.

♦ Create a database from a collection of utility data that 
can be used for general evaluation.

♦ Create a project design tool that will specify a 
collection of projects that maximize customer 
benefits.  [SEER (System Economic Evaluation of 
Reliability)]  



27

Area Investment Strategy Tools

♦ Objective:  Tool for developing least cost capacity 
plans given uncertain future loads, costs, and 
customer needs 

♦ Features:
– Capacity planning method & software

– Load uncertainty forecasting - method & software

– Jointly considers traditional distribution investments & distributed 
resource options

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

Prod 9 in 2000 solicitation
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Area 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
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Area Investment Strategy Tools -
Deliverables

♦ 1999: V1.5 Area Investment Strategy Model, 
V2.0 LoadDynamics

– Salvageable Band-Aids

– Load uncertainty assessor

– Better cost modeling

– Model value of delay - “wait and see” alternative

– Improved and additional output reports

♦ 2000:  Software support & tech transfer
– Training workshops (ESKOM, Columbia, Chicago, MidAmerican)

– Model enhancements and bug fixes (upgrades V1.5A, V2.0A)

♦ 2001 and beyond
– Software support & tech transfer

– Analyze reliability tradeoffs

– Handle more uncertainties - technology costs, siting, other?
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Specific Area Investment Strategy 
Options for 2001

♦ Software support & tech transfer

♦ Create ability to analyze reliability tradeoffs

♦ Create ability handle more uncertainties
– Future technology costs 

– Siting 

– Other
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Distribution Business Planning 
Project Portfolio

♦ Planning Tools & Information
– Capacity expansion - Area Investment 

Planning
– Capital Budgeting / Project Prioritization

» Project Information System
» Project portfolio software

– Repair / replace - Aging Assets project
– Maintenance - RCM
– Reliability Planning Model
– Customer Value Framework

♦ Supporting research:
– Measuring & Valuing Reliability
– Assessing Customer Needs
– Investment Economics
– Role of Distributed Resources
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CUSTOMER NEEDS
 FOR 

ELECTRIC POWER RELIABILITY AND POWER QUALITY

ISSUES

How do customers think about reliability and power quality?  

What do electricity customers value?  

RESULTS

Wide ranging literature review 

New Reliability Valuation Framework

     New approach ties together traditional cost-benefit economic analysis with engineering system analysis



LITERATURE REVIEW SUMMARY

Detailed results presented in previous meeting
Will present quantitative results in context of  Reliability Valuation Framework

From the literature, we can make several observations with confidence.  
Research consistent: customers more concerned about reliability
 than about other attributes of electric power.  

Attributes of electric power (e.g., waveform quality) are important to selected customers

However, reliability is important to all customers.

Nine key factors affect value of reliability
o  interruption duration
o  time of day 
o  time of week of interruption
o  time of year of interruption
o  advance warning of interruption
o  advance notice of duration of interruption
o  type of customers interrupted
o  frequency of interruptions
o  number of customers interrupted



RELIABILITY VALUATION FRAMEWORK

Stage 1 -- Value of Reliability for a Single Customer and a Single Outage

Avoided outage cost is the classic way to think about the value of reliability.  

Traditionally, measured by a single number, the “customer outage cost"
which is the cost to a single “typical” customer of a single “typical” outage.

Stage 2 -- Value of Reliability for a Single Customer and Multiple Outages

For making investment decisions, understanding the impacts of  one "typical" outage is not enough  

Different investment plans --> different numbers and types of outages, and different power quality 

Any realistic reliability-valuation approach must quantify value of reliability for multiple incident types

Stage 3 -- Value of Reliability for Multiple Customers and Multiple Outages

Finally, we must ask, how many customers does each type of outage affect?  

And, which types of customers (e.g., residential, commercial, industrial)?  



RELIABILITY VALUATION FRAMEWORK METHODOLOGY

STAGE 1 Value of Reliability for a Single Customer and a Single Outage

Begin with simple classic model of single cost/outage (base value for fixed scenario*)  

Then expand to deal with issues of timing and warning

Different models for Residential and Commercial/Industrial (illustrate Residential here)

    Step 1.1  Estimate outage cost as a function of Duration
Outage Cost = Base Value * Duration Factor

    Step 1.2  Add the issue of Timing
Outage Cost = Base Value * Duration Factor * Timing Factor
Timing Factor = Time of Day & Week Factor * Month of Year Factor

    Step 1.3  Add the issue of Advance Warning
Two types -- advance notice of outage and advance notice of duration
Outage Cost = Base Value * Duration Factor * Timing Factor 

  *Advance Warning Factor* Duration Notice Factor 

* Base Value Scenario:  One incident with no warning for one customer lasting one hour on January weekday afternoon.



RELIABILITY VALUATION FRAMEWORK METHODOLOGY (CON'T)

STAGE 2 Value of Reliability for a Single Customer and Multiple Outages

Traditional way to deal with multiple outages is to multiply per-outage cost by outages/year

But this doesn't address what common sense and reliability planners often assert – 
-- cost per outage may go up (or down) dramatically as the number of outages go up

A well-known phenomenon is “anchoring.”  Customers tend to anchor on historical 
frequencies and react poorly when the frequency rises above past levels.  

Similarly, businesses adapt their work processes around a relatively stable outage frequency 
-- when  frequency rises over historical levels, costs & complaints can increase sharply

Value of Reliability = Avoided Outage Cost * Frequency Factor

STAGE 3 Value of Reliability for Multiple Customers and Multiple Outages

Outage cost per customer may rise or fall with the number of customers affected.  

Ex: rate penalties may be imposed above a threshold number of customers affected. 

Value of Reliability = Avoided Outage Cost * Frequency Factor * Customer Factor



RELIABILITY VALUATION FRAMEWORK METHODOLOGY

Framework, although simple, is well-grounded

Based on Multiattribute Utility Theory

Basic Assumption:  Value Independence

Attributes are value independent if the value of one does not depend on the level of the other

Job Seeking Example:
Value Dependent    salary & vacation "salary means less if no time to enjoy it!"

Value Independent    job location & professional growth "both are important, but one doesn't affect the value of the other"

Theorem
If a set of value attributes is value independent, 
then the total value function must be linear or multiplicative

v(x,y) = ax + by + c

v(x,y) = cxayb



OBSERVATIONS

A large number of indices for measuring reliability exist
 SAIFI, SAIDI, CAIDI, CAIFI, ASAI, CTAIDI, ASUI, ENS, AENS, MAIFI, MICIF, ALII, ASCI and ACCI, just to name a few

System indices do not directly measure customer needs

A customer-focused approach characterizes the key attributes of electric service directly

The new approach enables direct economic evaluation of reliability alternatives

It allows direct comparison across:
reliability and power quality attributes
types of outages
customer segments
distribution areas



OBSERVATIONS (CONT'D)

The new approach ties together traditional cost-benefit 
economic analysis with engineering system analysis

Traditional
Framework

 

New
Framework

System Cost
and 

Performance

Impacts on
Customers

Control
Strategies

System
Indices

Customer
Values

Customer
Values

System
Indices

Control
Strategies

System Cost
and 

Performance

Impacts on
Customers



VALUE ATTRIBUTES NUMBERS ARE PLACEHOLDERS AND WILL VARY BY UTILITY

QUALITY OF INFORMATION
Attribute: NUMBER OF CUSTOMERS AFFECTED
Coverage in Literature:  NONE
Description: No quantitative information on the effects of multiple 
customers on outage costs was found.
 

Number of Customers Affected

Source: Data from EPRI Case Study Applications
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ECONOMIC ANALYSIS OF RELIABILITY INVESTMENTS

ATTRIBUTE

Customer Type
Benefit

Do Reliability Do Reliability Impact on
Base Outage Cost 5.00$      Nothing Investment Nothing Investment Outage Cost

$0/incident $10/incident

Duration of Outage 4 4 2.76 2.76 $0
0 hours 48 hours

Time of Year May May 0.63 0.63 $0
Jan Dec

Weekend Weekend
Time of Week and Day Evening Evening 0.90 0.90 $0

Frequency (#/Customer) 10 10 20.00 20.00 $0
0 incidents 15 incidents

Number of Customers 30,000        30,000         2164 2164 $0
0 customers 30,000 customers

Combined Multiplier 67,722       67,722        TOTAL
BENEFIT

Total Outage Cost 338,608$   338,608$    $0
   NOTES
   Real reliability investment analysis would  average over attributes with multiple values
   Outage Cost Impacts are marginal (not additive)
   Power Quality attributes such as voltage fluctuation can be included as well

Cost MultiplierAttribute Level
Residential Commercial/Industrial
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Status Report--Reliability Project 
Introduction

C.D. Feinstein

cdf@vmngroup.com

December 2000
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Agenda

♦ Analyzing & Valuing Reliability Project

♦ Reliability Initiative Project

♦ Current Status & R&D Decisions
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Analyzing & Valuing Reliability

♦ Objective: Tools for analyzing and valuing reliability; 
quantify cost / reliability tradeoff 

♦ Features:
– Methods 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 



4

A Decision Perspective

Distribution system 
reliability model

Utility 
decisions

Utility 
characteristics

Customer 
service 
impacts

-system configuration 
modifications
-component upgrades
-reserve margin
- ...

-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
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Analyzing & Valuing Reliability -
Task List

1. Literature survey and analysis including methodology review

2. Definition of reliability

3. Structure approaches to measuring reliability

4. Define data requirements for valuing reliability

5. Identify alternatives for changing reliability

6. Design reliability models

7. Integrate reliability into planning software

8. Testing and validation
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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



7

Agenda

♦ Analyzing & Valuing Reliability Project

♦ Reliability Initiative Project

♦ Current Status & R&D Decisions
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Integrating Reliability Analysis 
with other Business Practices 

♦ Detailed practices at some 
companies

– Forecasting

– Capacity Management

– Reliability Assessment

– Reliability Management

– Budgeting / Project 
Prioritization

– Implementation

♦ High-Level practices at some 
companies

– Forecasting

– Planning Criteria & Philosophy

– Project Prioritization & Budgets

Forecasting

Capacity
Management

Reliability
Analysis

Reliability
Management

Budgeting / 
Prioritization

Implementation
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Integration -- cont’d

♦ Forecasting
– Key input in determining future capacity needs

– Models and processes:
» Trend based weather adjusted
» Generally not longer than 5 years and do not address load uncertainty 

♦ Capacity management
– Plan for capacity to meet peak demand and have contingency plans

in place for major component failures

– Models and processes:
» Regional managers develop plans 
» Based on forecasts and circuit analysis
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Integration--cont’d

♦ Reliability Analysis
– Key information for determining capital and O&M spending to 

improve reliability

– Models and processes: (1) outage tracking, (2) overload monitoring, 
(3) inspection programs

♦ Reliability Management
– Reliability projects are identified, budgeted and prioritized 

– Models and processes: 
» Various outage management systems (utility specific)
» Historical overload data
» Evaluate effectiveness based on metrics such as SAIDI, SAIFI, and CAIDI
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Integration -- cont’d

♦ Capital Budgeting / Project Prioritization
– Projects are evaluated and approved or deferred based on project rankings 

and overall budget levels

– Models and processes: 
» No formal analytical processes are used
» Is both bottom-up and top-down
» Driven by multiple corporate objectives: financial, safety, customer satisfaction

♦ Implementation & Feedback
– Tracking approved projects to insure that they are completed and that they 

have the desired effects

– Models and processes:
» Periodic review meetings
» Typically no high-level summary data provided to management
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The Real Target

♦ Key finding
– Current planning practices served customers well in the past.   But... 

– ...traditional practices are unlikely to server customers well in 
periods of increasingly tight budgets

– When there is plenty of food everyone eats!

– Need to understand the consequences of doing less
» Which project(s) to defer?
» What are the risks of deferring? 
» What are the consequences of further budget reductions?
» What could be accomplished with more budget?

– Who gets less reliability?
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Agenda

♦ Analyzing & Valuing Reliability Project

♦ Reliability Initiative Project

♦ Current Status & R&D Decisions
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Analyzing & Valuing Reliability -
Deliverables

♦ 1999
– Extensive literature review  

– Conceptual design for planning tools

♦ 2000
– Review  and design of reliability planning algorithms 

– Design of methods for explicitly incorporating reliability metrics into project 
prioritization

– Review of Snohomish Model (DS-RADS) 

– EPRI report

♦ 2001 and beyond
– Algorithms & software 

» Reliability-based area capacity planning
» Reliability forecasting & system design - Snohomish model

– Extension of theory to address unlikely event/high consequence situations

– Develop outputs that represent ultimate customer outcomes.  (Not just 
indices.) 
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Specific Reliability Options for 
2001

♦ Algorithms & software 
– Reliability-based area capacity planning

– Reliability forecasting & system design - Snohomish model

♦ Extension of theory to address unlikely event/high 
consequence situations.  

– (Networks in city downtown centers are vulnerable to very rare events that 
have great impacts; e.g., lose the Chicago Loop.) 

♦ Develop outputs that represent ultimate customer outcomes.     
(Not just system indices.)

♦ Incorporate Customer Values work into reliability analysis.  
– (NOTE:  it is not possible to do value-based reliability planning if the focus is 

restricted to system engineering.  The consequences of doing a project must 
be related to customer values.) 
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R&D Decision Problem

♦ Issues
– Capacity planning

– Project prioritization
– Aging assets

– System design strategies

♦ We recognize opportunity, but do we...
– Build reliability  modules to integrate into EPRI software?

– Modify an existing implementation?

– Solve the reliability problem in general and create a standalone solver?

♦ How best to address the issue of rare event/ high consequence 
analysis in strategic analysis?

– Almost surely requires a new approach to analysis
» network issues
» rare event arrival model
» specification of data requirements
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Customer Needs / Reliabilty
Discussion

Steve Chapel

schapel@EPRI.com

December 2000
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Moving Beyond Traditional 
Reliability Analysis 

Customer
Values

System
Indices

Control
Strategies

System Cost
and 

Performance

Impacts on
Customers

System Cost
and 

Performance

Impacts on
Customers

Control
Strategies

System
Indices

Customer
Values

Traditional Approach to Reliability Planning

New Approach to Reliability Planning
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Need To Tie Together Economics 
& Engineering Systems Analysis

♦ Under traditional planning 
– Control strategies affect system and 

customer values, 
– But the choice is made based on system 

indices that are only indirectly 
correlated with customer values.  

♦ Issue:  Can utility do better with 
same resources?  

– Answer is “yes,” 
– Customer value function defines an 

explicit performance measure that can 
be maximized

♦ In new approach customer values 
are used directly to drive the 
control strategy 

♦ System indices are still important 
but only as intermediate measures

Customer
Values

System
Indices

Control
Strategies

System Cost
and 

Performance

Impacts on
Customers

System Cost
and 

Performance

Impacts on
Customers

Control
Strategies

System
Indices

Customer
Values

Traditional Approach to Reliability Planning

New Approach to Reliability Planning
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Need To Allow Comparison 
Across Customer Segments

♦ Segmentation of the customer 
population is important

– Different customer groups have very 
different values for electricity

– Moreover, their needs are multi-
dimensional.  

♦ System average indices 
– Do not reflect the diversity of the 

customer population 
– Offer no way to balance the needs of 

the different customer segments. 

♦ Customer-focused approach 
allows a direct comparison of 
the different dimensions of 
reliability and their differing 
impacts on different customer 
segments. 

Customer
Values

System
Indices

Control
Strategies

System Cost
and 

Performance

Impacts on
Customers

System Cost
and 

Performance

Impacts on
Customers

Control
Strategies

System
Indices

Customer
Values

Traditional Approach to Reliability Planning

New Approach to Reliability Planning
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Indices Do Not Measure 
Customer Value

♦ Consider the CAIDI index 
– Two systems can have the same 

CAIDI

– But the actual distributions of 
customer cost can be arbitrarily 
different.

♦ The distinction here is 
between means and ends

– System performance is only a 
means to a more fundamental 
end, which is to provide 
customers with reliable, high 
quality electricity.  

– System indices are intermediate 
measures, not ultimate impacts.

Customer
Values

System
Indices

Control
Strategies

System Cost
and 

Performance

Impacts on
Customers

System Cost
and 

Performance

Impacts on
Customers

Control
Strategies

System
Indices

Customer
Values

Traditional Approach to Reliability Planning

New Approach to Reliability Planning
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Indices Do Not Measure Risk & 
Extreme Events

♦ Risk, or deviation from average, 
is the essence of reliability.  

– If the system always operated under 
“average” conditions, reliability 
planning would be easy. 

– There would be no need for reserve 
margins, multiple-contingency 
planning and backup generation or 
distribution.

♦ While multiple-contingency 
policies and other risk averse 
strategies make intuitive sense,  
methods based on averages 
cannot evaluate such policies.  

♦ We need a way of predicting the 
range of outcomes and their 
probabilities based on all 
realistic contingencies.

Customer
Values

System
Indices

Control
Strategies

System Cost
and 

Performance

Impacts on
Customers

System Cost
and 

Performance

Impacts on
Customers

Control
Strategies

System
Indices

Customer
Values

Traditional Approach to Reliability Planning

New Approach to Reliability Planning
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Averages Ignore Key Customer 
Needs

♦ Even if calculated correctly, 
averages are inadequate for 
representing stakeholder values.  

♦ Customers have non-linear 
value functions for both arrivals 
of outages and duration of 
outages.  Non-linear value 
functions mean that excursions 
from average conditions can be 
very important.

♦ This is not a minor technical 
point

– Customers get upset when unusual 
events occur.

– Regulators get upset when unusual 
events occur  

– It is the “non-average” event that 
drives utility planning at the highest 
level of the company.  

Customer
Values

System
Indices

Control
Strategies

System Cost
and 

Performance

Impacts on
Customers

System Cost
and 

Performance

Impacts on
Customers

Control
Strategies

System
Indices

Customer
Values

Traditional Approach to Reliability Planning

New Approach to Reliability Planning
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Project Prioritization

At BGE
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History

• 1999 Reorganization combined Substation, 
Transmission and Distribution at BGE

• separate budgets were now going to be 
combined into one capital budget

• suspected territorial preservation would 
occur in each business area
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Challenge

• create a FAIR method of deciding where 
capital dollars should be spent

• must compare proposed projects from each 
area, distribution, transmission and 
substation

• must be able to be supported by 
Management in each area
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Valuing Philosophy

• all proposed projects should 
be valued based on how well 
each one supports our 
Corporate Goals! 
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Corporate Goals

• Reliability of Supply
• Safety
• Customer Service
• Cost Control
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Weighting Philosophy

• Corporate goals will be weighted 
for the purpose of project 
prioritization in the same manner 
as they are weighted for the 
purpose of Results Incentive 
Award pay-outs.
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Work Prioritization 
System(WPS)

• covered all three operational areas 
(distribution, transmission and substation) 
in one prioritization run

• based on simple benefit/cost ratio approach
• projects awarded points based on how well 

they support the Corporate Goals
• used to prioritize 2000 and 2001 work
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Limitations of WPS

• job ranking highly affected by job cost
• linear valuing of attributes
• constraints limited to budget only
• risks of not doing jobs is unknown
• uncertainty of results is unknown
• alternate scenarios not easily obtained
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Enter EPRI PM

• more robust approach than a simple 
benefit/cost ratio

• provides for a 5 year workload plan
• constraints include budget and “manpower 

by skillset” as a minimum
• risk of changes to the optimized portfolio of 

work are provided
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EPRI PM (continued)

• defendable methodology to get maximum 
buy-in by Management and stakeholders

• based on same valuing philosophy as our 
existing work prioritization system

• expanded attributes allows for better 
valuing of projects

• nonlinear scaling of attributes better 
represents actual value of jobs 
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EPRI PM (continued)

• uncertainty of benefits of proposed program 
provided

• ability to change attribute weighting as 
goals change 

• can (easily) provide alternatives scenarios
• provides first year workload broken down 

on a six month basis
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Remaining Challenges 

• Input Data
– must be simple to input data into EPRI PM
– exploring “20 question” approach and direct 

hand-offs from existing database(s)
• Constraints

– must include certain manpower constraints by 
skillset to plan for manpower needs or skill 
training to optimize the portfolio
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Remaining Challenges 
(continued)

• Timing of work
– EPRI PM is not a scheduling tool, however, 

timing of jobs throughout the year to optimize 
resources is a necessity in the ultimate Model
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Questions?
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Project Prioritization:  Status Report

Charles D. Feinstein

cdf@vmngroup.com

December 2000
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Outline

♦ Project Review

♦ System Objectives

♦ Current Status
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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
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Approach - Use System Analysis 
to Develop Problem Solving 
Framework  (BGE & AEP)

♦ Problem recognition & formulation - Done

♦ Analysis  - Done

♦ High-level design - Done

♦ Detailed Design - Underway

♦ Implementation - Underway

♦ Testing
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“ AEP/BGE 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, BGE is not satisfied with the current 
procedures.”  

Specifically, there is a need for (1) consistent and objective 
evaluation of all projects and (2) development of multi-year 
spending plans that reflect corporate objectives, budget and 
labor constraints, and explicit consideration of the 
consequences of deferring specific projects.”

Problem Statement
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Analysis

INPUTS

•Corporate budgets

•Projects + Alternatives

•Objectives

•Values

•Attributes

OUTPUTS

•Project Rankings

•Portfolio of projects

•Timing of projects

•Value of additional 
budget

•Risks

•Profits

•Costs  

TRANSFORMATION 
PROCESS

•Attribute + values +          
objectives

Benefits

•Projects + Alternatives

Budget requirements

•Benefits + budget req’ts

Portfolio

•∆ Budgets

∆ Portfolio
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High -Level Design

Objective 
Specification

Value 
Specification

Attributes 
Specification

Project 
Definition

Alternatives

Project 
Analysis

Portfolio 
Design

Budget 
Specification

Portfolio



8

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
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Implementation & 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.
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Outline

♦ Project Review

♦ System Objectives

♦ Current Status
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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.
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What 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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What 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
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Expectations -- cont’d

♦ Improve decision-making defensibility
– document underlying assumptions and decision logic

– promote consensus

– provide “what if” analysis



15

We 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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Outline

♦ Project Review

♦ System Objectives

♦ Current Status
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Data Requirements

♦ Identify variables
– Projects change attributes

– Attributes define performance measures

– Performance measures determine decisions

♦ Measure value - 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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Assessment Principles

♦ Principle of Measured Observations

♦ Natural Units Principle

♦ Risk Assessment Principle

♦ Comparison Principle

♦ Principle of Relative Importance 
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Sample Attribute Structure
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Project Reporting -- Power 
Quality

Enter X if Project

Does Not Change With Without With Without With Without
Attribute Levels (Do Nothing) (Do Nothing) (Do Nothing)

10%

50%

90%
Customers

10%

50%
90%

Customers

10%

50%
90%

Customers

10%

50%
90%

Customers

10%
50%
90%

Customers

10%
50%
90%

Customers

10%       

50%
90%       

Customers       

Steady State Voltage
Critical Customers

Business Customers

Voltage at Substation

Year 3

Residential Customers

Year 1

Sags/Spikes
Transient < 1 Minute
Critical Customers

Harmonics

Sags/Spikes 
Transient < 1 Minute

Year 2

Business Customers

ATTRIBUTE

Steady State Voltage

Steady State Voltage
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Project Reporting --
Environmental

Enter X if Project

Does Not Change With Without With Without With Without
Attribute Levels (Do Nothing) (Do Nothing) (Do Nothing)

10%       

50%
90%       

Customers       

10%       

50%
90%       

Customers       

10%       

50%
90%       

Customers       

10%       

50%
90%       

Customers       

Year 3Year 1 Year 2

Pollution Control

Aesthetics
Green Location

Neighborhood Location

ATTRIBUTE

Aesthetics

Aesthetics
Industrial Location
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Project Reporting -- Reliability
Enter X if Project

Does Not Change With Without With Without With 
Attribute Levels (Do Nothing) (Do Nothing)

Momentaries 10%

50%
90%

Customers

10%

50%
90%

Customers

10%

50%
90%

Customers

Sustained Outages 10%

(SAIFI) 50%
90%

Customers

10%

50%
90%

Customers

10%

50%
90%

Customers

Duration  (CAIDI) 10%

50%
90%

Customers

10%

50%

90%

Customers

10%    

50%    

90%    

Customers    

Overloads 10%

50%

90%

Customers (r)

Duration (Hours/Outage)
Critical Customers

Duration (Hours/Outage)
Business Customers

Overloads (%)
(Normal)

Number of 
Momentary Outages

Critical Customers

Transmission

Number of 

Number of

Residential Customers
Sustained Outages

Sustained Outages
Business Customers

Business Customers

ATTRIBUTE

Momentary Outages
Number of 

Residential Customers
Momentary Outages

Number of 

Residential Customers

Critical Customers
Sustained Outages

Number of

Duration (Hours/Outage)

Year 1 Year 2 Yea
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Project Reporting -- Safety

Enter X if Project

Does Not Change With Without With Without With Without With 
Attribute Levels (Do Nothing) (Do Nothing) (Do Nothing)

10%

50%
90%

Customers

ATTRIBUTE

Safety

Year 1 Year 2 Year 3 Ye
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Project Reporting -- Costs

Enter X if Project

Does Not Change With Without With Without With Without
Attribute Levels (Do Nothing) (Do Nothing) (Do Nothing)

10%

50%
90%

Customers

10%

50%
90%

Customers

10%

50%
90%

Customers

ATTRIBUTE

Capital Cost

Year 1 Year 2 Year 3

Change in Revenue

O&M
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Project Reporting -- “Red-Face” 
Events

Enter X if Project

Does Not Change With Without With Without With 
Attribute Levels (Do Nothing) (Do Nothing)

Consequences (Scaled Value)
Probability
Expected Value
Avoidance Value

Consequences (Scaled Value)
Probability
Expected Value
Avoidance Value

Consequences (Scaled Value)
Probability
Expected Value
Avoidance Value

(replace with name)

RED FACED EVENT 1

(replace with name)

(Low Probability--High Impact)

(replace with name)
(Low Probability--High Impact)

RED FACED EVENT 2

(Low Probability--High Impact)

RED FACED EVENT 3

ATTRIBUTE
Year 1 Year 2 Yea
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Attribute Scaling -- Power 
Quality

POWER QUALITY SCALING WORKSHEET

ATTRIBUTES SCALES
Worst Best

Natural Units +8% to -25% +7% to -20% +6% to -10% +5% to -5% +0% to -0%
Scaled Units 0 1 6 9 10

Worst Best
Natural Units +8% to -25% +5% to -10% +2% to -2% +0% to -0%
Scaled Units 0 6 9 10

Worst Best
Natural Units +8% to -25% +5% to -10% +2% to -2% +0% to -0%
Scaled Units 0 6 9 10

Worst Best
Natural Units +1% to -1% +.05% to -.05% +0% to -0%
Scaled Units 0 9 10

Worst Best
Natural Units +500% to -100%+200% to -25%+50% to -20% +0% to -0%
Scaled Units 0 2 8 10

Worst Best
Natural Units +500% to -100%+200% to -25%+50% to -20% +0% to -0%
Scaled Units 0 3 9 10

Worst Best
Natural Units Conf. Problem None
Scaled Units 0 10

Worst Best
Natural Units 40,000 2,000 0
Scaled Units 0 9 10

Worst Best
Natural Units 50 3 1 0
Scaled Units 0 8 9 10

Worst Best
Natural Units 3 1 0
Scaled Units 0 5 10

Customers Affected
Critical Customers

Customers Affected

Customers Affected
Residential Customers

Business Customers

Transient < 1 Minute
Critical Customers

Harmonics

Sags/Spikes
Transient < 1 Minute
Business Customers

Sags/Spikes

Steady State Voltage
Critical Customers

Voltage at Substation

Steady State Voltage
Residential Customers

Steady State Voltage
Business Customers
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Attribute Scaling --
Environmental

ENVIRONMENTAL CONSIDERATIONS SCALING WORKSHEET

ATTRIBUTES SCALES
Worst Best

Natural Units Ind Nbhd Green
Scaled Units 9.9 9.95 10

Worst Best
Natural Units Ind Nbhd Green
Scaled Units 0 9.8 10

Worst Best
Natural Units Ind Nbhd Green
Scaled Units 0 1 10

Worst Best
Natural Units MEV MNEV RS Green
Scaled Units 0 6 9 10

Aesthetics
Industrial Location

Aesthetics
Neighborhood Location

Aesthetics
Green Location

Pollution Control
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Attribute Scaling -- Reliability

RELIABILITY SCALING WORKSHEET

ATTRIBUTES SCALES
Worst Best

Momentaries Natural Units 30 8 4 0
Scaled Units 0 7 8.5 10

Worst Best
SAIFI Natural Units 10 4 1.67 1.53 0

Scaled Units 0 5 7 9 10
Worst Best

CAIDI Natural Units 24 8 2 0
Scaled Units 0 1 9 10

Worst Best
Overloads Natural Units 100% 95% 93% 90% 0%

Scaled Units 0 2 8 10 10
Worst Best

Natural Units 100% 95% 93% 90% 90%
Scaled Units 0 2 8 10 10

Worst Best
Natural Units 110% 105% 103% 100% 95% 0%
Scaled Units 0 2 8 9 10 10

Worst
Natural Units 100% 97.5% 95% 0%
Scaled Units 0 8 10.00000 10

Worst Best
Natural Units 110% 105% 103% 100% 95% 0%
Scaled Units 0 2 8 9 10 10

Worst Best
Natural Units 133% 121.5% 110% 0%
Scaled Units 0 5 10 10

Worst
Natural Units 100% 97.5% 95% 0%
Scaled Units 0 5 10 10

Worst Best
Customers Natural Units 40,000 2,000 0

Affected Scaled Units 0 9 10
Worst Best

Natural Units 50 3 1 0
Scaled Units 0 8 9 10

Worst Best
Natural Units 3 1 0
Scaled Units 0 5 10

Distribution Overloads
(normal)

Distribution Overloads
(contingency)

Subtransmission Overloads
(normal)

Subtransmission Overloads
(contingency)

Momentaries
(incidents/year)

Sustained (SAIFI)
(incidents/yr./customer)

Duration (CAIDI)
(hours/outage)

Transmission Overloads
(normal or contingency)

Transmission Substation Over-
loads  (normal or contingency)

Substation Transformer Over-
loads (normal or contingency)

Customers Affected
Critical Customers

Customers Affected

Customers Affected
Residential Customers

Business Customers
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Attribute Scaling -- Safety

SAFETY SCALING WORKSHEET

ATTRIBUTE SCALE
Worst Best

Natural Units

High 
Likelihood/Hi

gh Conse-
quence

Low 
Likelihood/Hi

gh Conse-
quence

Very Low 
Likelihood/Hi

gh Conse-
quence

High 
Likelihood/L
ow Conse-

quence

Low 
Likelihood/L
ow Conse-

quence

Very Low 
Likelihood/L
ow Conse-

quence
Scaled Units 0 10

SAFETY
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Attribute Scaling -- “Red-Face” 
Events

"RED-FACE" EVENTS SCALING WORKSHEET

ATTRIBUTE SCALE
Worst Best

Natural Units
Lose a nationally 
televised event

Lose Baltimore 
Metro Center for 

12 hours

Lose BWI 
Airport for 4 

hours

Rolling 
Blackouts for 

24 hours

Lose a 
politician's 

speech
Scaled Units 0 10

"RED-FACE" 
EVENTS
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Attribute Weighting -- Lowest 
Level

STAGE 1

RELATIVE
VALUE

Allocate 100 Poker (0 - 100 CHIPS)
Chips To The Attribute  
For Which Eliminating 100
The Worst Outcome
Has Greatest Value.

Allocate up to 100 Poker
Chips To The Other  1

Attributes In Proportion 
To The Value of 

Eliminating Their Worst
Outcomes 99

WORST OUTCOME

+ 8% to -25%Steady State Voltage
40,000 Residential Customers

ATTRIBUTE

+ 8% to -25%

STEADY STATE VOLTAGE

50 Business Customers
Steady State Voltage

Steady State Voltage
3 Critical Customers

+ 8% to -25%
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Attribute Weighting -- Top Level
STAGE 4

TOP LEVEL ATTRIBUTES

RELATIVE
VALUE

SAFETY (0 - 100 CHIPS)

50

CUSTOMER SATISFACTION

20

RELIABILITY

100

CHANGE IN REVENUE

70
value of lost revenue

1,000,000$                                                  
Present Value of Change in Revenue replace with PV of max

40,000 Residential Customers

WORST OUTCOMEATTRIBUTE

Momentary Outages 30 Incidents/Year

Public/Employee Safety
High Likelihood/High Consequence

Harmonics "Yes"

SAFETY



33

Development Plan

Project Information System

Analysis Methods & Software

Refine Attributes 
Definitions

Develop prototype 
attribute scales

Develop conceptual level 
software specifications 

Milestone 1: 
Conceptual Software Specifications 

(project information system)
Build Prototype Software

Milestone 2: 
Project Information System 

software

Develop Attribute Quantification Models
Milestone 3: 

Attribute Measurement 
Guidebook

Develop detailed level 
software specfications

Develop Project and Portfolio Analysis Software Milestone 4:   
Prototype Analysis Software
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Managing Aging Distribution 
System Assets

Research Status Report

C.D. Feinstein

December, 2000
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Agenda

♦ Background & Objectives

♦ Literature research
– Methods

– Data

♦ Development
– Analytic methods

– Case study
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Background
♦ The problem of aging assets has become more important because 

of the increasing emphasis on reliability and customer service. 

♦ Distribution assets, such as substation transformers, feeders, 
poles, wires, breakers and other equipment, are subject to 
failure.  

♦ The probability of failure is dependent upon at least four factors:  
loading, age, maintenance, and external conditions.  

♦ Decisions that distribution system managers must make include 
when to replace an asset, when to repair or overhaul an asset, 
when to maintain an asset and when to do nothing.  

♦ The optimal decision depends on the four factors listed above 
combined with the costs of various alternatives.  
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Objective

♦ Identify and develop methods for making decisions 
about aging assets in electric distribution systems.  

♦ The methods we are developing seek an optimal 
(least-cost) policy for maintenance and replacement of 
electric distribution assets. 
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Agenda

♦ Background & Objectives

♦ Literature research
– Methods

– Data

♦ Development
– Analytic methods

– Case study
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Literature Survey

♦ Fundamental Issues

– What methods are available to apply to the problem?  This is an 
issue of models and problem formulation. 

– What data is available to serve as inputs to the methods?  This is an 
issue of utility experience and whether that experience has been
captured in some accessible form.  

– What has been implemented in usable form to solve this problem? 
This is an issue of commercially available software implementations.  
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Methods

♦ Fundamental Considerations

– How best to represent the dynamic processes of failure and repair of 
equipment.  

– How to modify the failure and repair processes to account for aging 
of equipment.  

– How to combine the economics of failure and repair of equipment 
with the economics and constraints of utility service to customers.  

♦ Any successful method must address all these 
considerations.
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Methods:  Failure and Repair

♦ The methods for analysis of failure and repair of 
equipment are well known.  (Addressed in our report 
Reliability of Electric Utility Distribution Systems:  EPRI 
White Paper [1000424]).

♦ The most popular models in the literature represent 
the failure and repair of equipment as a Markov 
process.  (Discrete state, stationary distributions--
constant hazard rate.)

♦ The hazard rate can be empirically observed and is 
most often expressed as a so-called bathtub curve. (See 
next slide.)
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Methods:  Hazard Rate--Bathtub 
Curve

♦ Three different behaviors are typical.  Steady-state 
and burn-out reflect the effects of aging.

♦ Stationary Markov model applies in the steady-state 
period.

♦ Modeling issue:  how to characterize burn-out.

Hazard
Rate, 
h(t)

t

Burn-outBurn-
in

Time

Steady-state
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Methods:  Equipment Aging

♦ Burn-out period requires nonstationary hazard rate.

♦ Deterioration of performance (capacity) with aging 
may require derating.

♦ Deterioration of performance (quality) with aging 
may require special approaches. (Focus of literature 
search.)

♦ Technological change 

– increases replacement benefit

– improved operating techniques

– decreasing salvage value
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Methods:  Economic 
Considerations

♦ Cost minimization problem:  
– failure and  repair

– operating and maintenance

– salvage value

– lost revenue 

– replacement 
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Data

♦ No sources identified
– Low failure rates 

– Thus not much data

♦ Two fundamental concepts about data.  

– Methods should strive to replace exhaustive data sets with analysis. 

– Methodological considerations and data requirements are linked. 
The best approaches begin with a methodology that captures 
problem understanding and then use this methodology to drive the
data collection.  
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Implementations

♦ There is extensive literature and expertise concerning 
the mathematical formulation of the repair / replace 
policy problem.  

♦ We have not found any practical implementations of 
any formulation. 

♦ Two requirements for implementation
– Identify least-cost repair / replace policies given inputs that include 

policy alternatives, costs and equipment performance probabilities. 

– Failure mode models that can provide inputs to the policy analysis.  
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Literature Survey:  Status

♦ More than sixty books and papers consulted or cited

♦ Papers describe both practice and methodology

♦ No general implementations discovered

♦ No single approach applicable to all problems 

♦ Current tracks:
– derating

– data sources

– failure models



15

Agenda

♦ Background & Objectives

♦ Literature research
– Methods

– Data

♦ Development
– Analytic methods

– Case study
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Analytic Methods

♦ Engineering-Economics:  Optimal replacement 
Interval

Years (n)

Annual Cost 
($/yr)

Capital Recovery Cost  (CR(n))

Operating Cost  (OC(n) )

Total Cost (TC(n)) 

n*



17

Analytic Methods

♦ Dynamic Programming Formulation of Replacement 
Problem

♦ Solve (H-J) Bellman’s Equation on a lattice
– V(x,t) = min { [K(t) – R(x,t) + ρ (C(1) + V(1,t+1)) ],                                           

[ρ (C(x+1) + V(x+1, t+1)] },

with the boundary condition, 

– V(x,T) = -S(x,T)

♦ Provides a more flexible formulation over finite time 
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Analytic Methods

♦ Network (LP) Formulation
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Analytic Methods

♦ No analysis of uncertainty

♦ Restricted decision alternatives, typically binary

♦ Essential policy issue:  what is the optimal 
maintenance and replacement schedule for an asset as 
it ages?  
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Case Study:  

♦ Air Breakers: 
– installed in the PSEG 138—230—500 kV transmission system

– 25 or 26 air breakers installed in the part of the system under study

– breakers are all approximately 30 years old.  None has failed yet.  

♦ Two failure modes 

– catastrophic mode: pressurized porcelain tube blow up and shatters, 
scattering parts up to 700 feet away

– non-catastrophic mode:  the breaker can develop air leaks (in either 
500psi or 2000psi systems) which will induce a compressor failure 
and causes and interruption. The cause of this failure mode is worn 
parts, such as aging gaskets.   The critical time for this failure mode 
is dependent on asset age, and appears to be in the range 8-10 years 
old. 
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Case Study:  cont’d
♦ Customer impact of failure is variable. 

♦ The current maintenance cycle:

– yearly inspection and maintenance  

– special procedures every three, four, six, and nine years  

– field rebuild every nine years

♦ Decision alternatives:

– maintain the breaker without rebuilding it

– rebuild the breaker in place, which costs approximately $150,000

– refurbish the breaker in a shop

– purchase a new breaker, which costs approximately $300,000.  
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Case Study:  cont’d

♦ Uncertainties (and relevant parameters describing the 
uncertainties):

– the failure rate of breakers as a function of age

– the failure rate of breakers as a function of time since last 
maintenance

– the failure rate of breakers since rebuild time (which describes
whether a rebuilt breaker is “good as new”)

– the probability of catastrophic failure as a function of age and
maintenance history 
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Case Study:  Inputs

1. Number of technologies: 2

2. Names:
a. Technology 1: OB

b. Technology 2: NB

3. Technology Decisions: Maintain, Repair, Replace

4. Technology performance states:
a. Good

b. Problem

c. Failure

d. C-failure

5. Number of decision stages: 5

6. Length (years) of each decision stage: 3
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Case Study:  Inputs con’d - Tech. 
performance probability tables

Technology Performance State Probability Matrix 
(Original Technology, Prior State = Good)

Technology Performance State Probability Matrix
(Original Technology, Prior State = Problem

Perf. State 1 2 3 4 5
Good 0.9 0.85 0.85 0.7 0.55
Problem 0.1 0.1 0.1 0.15 0.2
Failure 0 0.05 0.05 0.1 0.15
C-failure 0 0 0 0.05 0.1

Breaker Age (Decision Stage)

Perf. State 1 2 3 4 5
Good 0 0 0 0 0
Problem 0.8 0.8 0.75 0.75 0.75
Failure 0.18 0.18 0.22 0.22 0.22
C-failure 0.02 0.02 0.03 0.03 0.03

Breaker Age (Decision Stage)
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Case Study:  Inputs con’d - Tech. 
performance probability tables

Technology Performance State Probability Matrix 
(New Technology, Prior State = Good)

Technology Performance State Probability Matrix
(New Technology, Prior Staten = Problem)

Perf. State 1 2 3 4 5
Good 0.999 0.999 0.999 0.999 0.999
Problem 0.001 0.001 0.001 0.001 0.001
Failure 0 0 0 0 0
C-failure 0 0 0 0 0

Breaker Age (Decision Stage)

Perf. State 1 2 3 4 5
Good 0 0 0 0 0
Problem 0.8 0.8 0.75 0.75 0.75
Failure 0.2 0.2 0.22 0.22 0.22
C-failure 0 0 0.03 0.03 0.03

Breaker Age (Decision Stage)
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Case Stdy:  Cont’d - Inputs  costs
Technology Decision Costs

Technology Performance Costs

Decision Origional New
Maintain 50 50
Rebuild 150 150
Replace 500 500

Technology

Performance Origional New
Good 0 0
Problem 50 50
Failure 250 250
C-Failure 1000 1000

Technology
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Case Study:  Solution
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Conclusions

♦ Continue with literature search

♦ Implement economic model

♦ Deal with the failure data problem

– Identify sources of data

– Develop structural models of failure probabilities

♦ Identify & solve problem types - more case 
applications
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Unifying Design
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Aging Asset Options for 2001

♦ Tool for developing repair / replace policies -

♦ Equipment failure probabilities  
– Identify, document and evaluate sources of data

– Create Failure mode models for asset types

♦ More case studies

♦ Training workshops

♦ Other?
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Project Prioritization Options for 
2001

♦ Analysis Software - project evaluation and portfolio analysis

♦ Implementation & testing at TC companies (Analysis software & 
Database System)

♦ Implementation at additional companies (Analysis software & 
Database System)

♦ Refinement of  “Project Information System”  method
– Reduce data entry burden

– Refine methods for assessing reliability consequences

♦ Other?
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Reliability Options for 2001

♦ Algorithms & software 
– Reliability-based area capacity planning

– Reliability forecasting & system design - Snohomish model

♦ Extension of theory to address rare event/high consequence 
situations.  

– Networks in city downtown centers are vulnerable to rare events that have 
great impacts; e.g., lose the Chicago Loop

♦ Develop outputs that represent ultimate customer outcomes.  
(Not just system indices.)

♦ Incorporate Customer Values work into reliability analysis.  
– NOTE:  it is not possible to do value-based reliability planning if the focus is 

restricted to system engineering.  The consequences of doing a project must 
be related to customer values.
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Customer  Needs Options for 2001

♦ Create a tool for assessing the customer model 
parameters

♦ Create a screening tool that can quickly determine 
whether projects make sense.

♦ Create a database from a collection of utility data that 
can be used for general evaluation.

♦ Create a project design tool that will specify a 
collection of projects that maximize customer 
benefits.  [SEER (System Economic Evaluation of 
Reliability)]  
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Area Investment Strategy 
Options for 2001

♦ Software support & tech transfer

♦ Create ability to analyze reliability tradeoffs

♦ Create ability handle more uncertainties
– Future technology costs 

– Siting 

– Other
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