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Fhe Lillle Poirece

by Antoine de Saint-Exupery

* The author crashed his plane all alone in the
Sahara desert. At sunrise, he was awakened by
an odd little voice. It said, “If you please---draw
me a sheep”

* “What!” “Draw me a sheep!” “But---what are
you doing here?”

* |In answer, he repeated, very slowly, as if he were
speaking of a matter of great consequence:

* “If you please---draw me a sheep ..."

 When a mystery is too overpowering, one dare
not disobey.
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Road to Perfect Competition?

If transition cost 1s included, 1s competition better than regulation?

After Deregulation,
cycles of volatile prices
due to boom and bust
of supply?

Before
Deregulation

Price of Electricity

Claimed theoretical price reduction due to perfect competition
1-10%7?

Years
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Volatile Prices in California After

Deregulation

Deregulated pI’iCGS Residential goes up by 3 when
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Historical and Projected Combustion Turbine and

Combined Cycle Capacity Additions
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New Power Plants 2000-2005,
as a Percent of Existing Capacity

New England
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Basic Lessons on Deregulation

* |Is electricity suitable fora < What are objectives for a

competitive market? competitive market?

— Electricity is necessity-- — Lower electricity cost
for light, heat, business — Encourage innovation
and public safety in technology by profit

— Cannot be substituted, incentives
e.g., train for airplane — Encourage capital

— Long lead time to build iInvestment with
power plants & lines potential higher profits

— High entry cost & risk — Create greater stock
for new competitors value for the industry

— Market imbalance

takes time to change
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Basic Lessons on Deregulation

« Can competition make the <+ Does competition add new

cost of electricity lower? risks to the industry?

— Regulated utility — Electricity price is now
already tries to more volatile
new technologies, so frequent

how much better with
competition? 1%?

— Can the promise of
higher profit come

— Social unrest

— Power companies may
go bankrupt (boom and

without raising the cost bust cycle)

to electricity users? — Government, taxpayers
Only if investors have to bail them out
subsidize, like dot-com. — Economic recession
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What Are Other Lessons Learned?

» Study restructuring and market
liberalization very carefully before making
any irreversible changes

* Include transition costs into analysis

* Do not dismiss a mixed system of
government intervention with competitive
market (like the Feds with interest rate
control on the free economy) -- California
may yet be another pioneer (or guinea
pig?)
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N E RC Regions and Control Areas
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FRCC

Ag of Bepl 17, 1996
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Security Coordinators and ISN

(Inter-regional Security Network)

20 Security Coordinators; 16 ISN Nodes
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ERCOT

@ SECURITY COORDINATORS

SECURITY COORDINATORS FPL

WITH ISN NODES
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Loop Flows
The Contract Path

A E C
Contract: A sells C 500 MW
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Loop Flows

How Power Actually Flows

Contract: A sells C 500 MW
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U.S. Transmission 10-Yr Plans
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NERC Congestion Management

* Interchange Distribution Calculator (IDC) was
developed in 1998-1999 and put on line In
October 1999, along with Electronic Tags for
tracking transactions

* The mathematical principle to estimate flow
impact of a contract (source-sink schedule) is
linear distribution factors that can also include
simplified effect of post-contingency flows
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Functions of IDC

 |DC assists Security Coordinators and Control
Areas in security coordination

— Congestion Management involving interchange
transactions

— Coordination of curtailment, halting and re-allocation
 |IDC supplements but does Not replace EMS
security functions

— IDC is Not a Contingency Analysis tool

— It does check for other flowgate limitations under
curtailment, halting and reloading
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Overview of IDC Functions, Interfaces and Users

- An integrated information system to support TLR Procedure and security coordination

- Interfaced with NERCnet, TIS (ETAG) and OASIS

Security Coordinators,

Internet Control Area Operators,
Approved Tags PTDF, OTDF, GSF ~ NERCnet  150%
Congestion indication Transmission Providers

[——— ="
I | Internet
I - #\H | Rc;serve,
I o I schedule
I Tagging : <:Z|
I Authority | Tag Marketers, PSE's
- Agents




Business Process

Electronic Tagging and Approval Process

Purchasing-Selling Tag Cache
Entity ' ilDC /1DC

Sink (Load) i Security
Control Area Coordinator

Transmission Providers 6 Tag submitted
proval :
and Control Areas on ?&r\rina by Agent Service
Scheduling Path ‘ Transaction approved
for implementation
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EPRI Power Delivery
Reliability Initiative
Phase I

Transmission Program
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Transmission Program:

Phase | Timeline
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Training Workshop on PRA Tools
Final Report of Probabilistic Risk
Assessment of Eastern Interconnection

—@ Forward Planning Meeting

—@® Final Report of Probabilistic Risk Assessment of AEP System

——@ Delivery of Real Time Security Data Display and Tag Dump Program

—@ Summer 2000 Operating Strategies Workshop

—@® Methodology Enhancements to Probabilistic Risk Assessment Methodology

——@ Final Report of Probabilistic Risk Assessment for the Southern Control Area of SERC
—@ Publication of Preliminary Assessment Report

GOP.20 —@® Launching of Phase | of the Initiative



Major Accomplishments

« Advancement of Probabilistic Reliability
Assessment (PRA) to wide-area grid reliability
problems including Software Tools

« Development of near-term wide-area tools for
security coordinators
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Probabilistic Reliability Assessment

(PRA)

« Compared to conventional deterministic methods
for assessing transmission system reliability,
PRA offers greater insight into potential failure
modes and sets the stage for development of
real-time risk monitoring

* Proof-of-Concept PRA studies have been
completed for the Southern and American
Electric Power transmission systems and have
provided a basis for wide-area interregional
reliability studies
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Application of PRA -

Probabilistic Reliability Assessment

 PRA is a methodology for quantitatively
assessing the reliability of a power system

1| Assess Overall Reliability

Having some probability data
for PRA 1s better than

OR A not doing PRA!
4

2

Assess Margin of __
Reliable Operation ‘j‘

Evaluate Effectiveness
) of Mitigation Plans

Determine
Root Causes and Weak Points = =dr=d]
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PRA - Analogy with Radar Scanning of

Submerged Rocks

The “ldeal” Probabilistic Reliability or Risk Index
— provides a consistent Reliability Assessment
— provides warning of potential danger and its proximity

GOP.24




PRA Risk Contours

composite risk contours (thermal+voltage+transient)

[%)]
o
o

____________ ith
Qpené{}ing within onscious tradeott

s50 detérministic N-1 etween grid reliability

cgntingency criteria a/r/f’d maréket efficiency

generation at bus 13, (MW)

500 |
320 340 360 380 400 420 440
flow through 130-120, (MVA)

GOP.2zu

=Rl



Why Perform Probabilistic Analysis?

Synthesize in the reliability index information of Impact, frequency
and duration of critical situations.
— > Index provides an objective ranking of situations

Probabilistic vs. deterministic Indices

70%
60%

50%

O Deterministic
Il Probabilistic

40%

30%

20%
b Tr J I
O% T T '_-—V—IZI_—V— T T T

Region Region Region Region Region Region Region Region Region Region
1 2 3 4 5 6 7 8 9 10

% of total index

Without weighting by probabilities, deterministic indices
can give wrong ranking of reliability among regions. &Il
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Example of In Depth Analysis:

Critical Contingency Situations

Critical Root Causes in the Proba/Voltage Impact State space (Region Cause: all,

Affected Region: all)
/ . L]
> Most significant
1500.0575 ° root cause
; (%
=
— 1000.0575
8
Q.
500.057498
., 090
Ll e, S0
0.0574983 ‘ e
0.000001 0.00001 0.0001 0.001 0.01 0.1 1
Logarithmic Probability (direct)
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POM (Physical Operational Margin)

GOP.28

ontingency Screening

Bead input file | Read new input file | Clear | Stop |
~OPTION
Plumpet of feratians; || | Number of Iterations |20 M1 |2 N2 |10
Ampere Flow Corstraints, %; L
- Waltage, pu stability violation Tolerance 1.0 Knewton |1.000 Kinit |0.100
- 40, 150%,1.00 amper flov violaion | | vigkage Leyel  [0.920)  LoadStep [100
— voltage violatior
[v Woltage Constraint ¥ FullCalculation W Curve
¥ Ampereflow Constraint [~ S¥D1 -» SWYD2
[~ Flowgates Constraint Fate © A BC ¢ 100 &
™ Load Bus Phiangle |30 degrees
J30%,0.95 ~MANLAL MODE
|13UD
Single: Unit Contingency IEDJ?
Branch Contingency |3 E5
2b
20,1005 080 Double Unit Contingeney IEUJ? 6201
2a Branch and Unit Contingency |1 16 IEU4T
N-1 Contingency |1
M-2 Contingency |1 17
-10,70%, 0.85 TAUTOMATIC MODE
3a Branches
3h Max Load Level v 800/800 [V 230/230
‘N " ¥ B00/230 [ 2304115
N-1 Contingencies
Load Level] _———
1000 2000 3000 4000 M Critical M-1, N-2 Contingencies |1 o]
FILE
Select input file =l Select output file =1 [E99a N2 02021033 SVD.t
Compare
ICnmpany bt
Zone  Avea

763 'I1 1 2 3 Zanelmea Al |

Buses IGenaratmsl Loads| Eranchesl Shuntsl Tlansfarmersl

IZUZ IZUE

Power Transfer | |1000 o

INFORMATION

Case 03s_orange no capacitors
Load Level 700 MW

“oltage Constraints
1070 B1_3 091

Case 03s_orange with capacitors
Load Level 1300 MY

Ampere Flow Constraints
1091 @eed4 "1 T101
Limit - 68.00MYA Actual -
Overload - 100.3%

B8, 24MVA

Fast Contingency

Analysis with

overload,
tion and

voltage degra

voltage instabi

evaluation

Bus area | Zone | Gbus | Bbus  [Veh/Vic| Pload | load | Pgen | Quen | ¥ 5 Links |ﬂ
Z05 1 0.00000 0O.00000 0O.%Z000 0.0o0 000 000 0.00 0.99780 -Z6.8799 12, Z0Z
3 500.00 1 Z05 1 0.00000 0O.00000 0O.%Z000 0.0o0 000 000 0.00 1.03431 -23_180 4, 54256
4 TEE.00 1 Z0g 1 0.00000 0.00000 0.32000 0.00 0.00 0.00 0.00 1.0031% -22.887 2, 10, 1lZ, Z0g&
L3 345.00 1 Zog 1 0.00000 0.00000 0.3Z000 0.00 Q.00 Q.00 0.00 1.015882 -Z9.€53 &, 7, 17, ZZ3
& £00.00 1 Z0g 1 0.00000 0.00000 0.32000 0.00 Q.00 Q.00 0.00 1.04072 -23_.265 &, E4Z1Z2
7 765.00 1 Z05 1 0.00000 0O.00000 0O.%Z000 0.0o0 000 000 0.00 0.99790 -27.960 5, 12, 15
8 765.00 1 Z05 1 0.00000 0O.00000 0O.%Z000 0.0o0 000 000 0.00 0.99106 -11.437 10, 14, ZZ_ 57
2 245.00 2 Z0g 1 0.00000 0.00000 1.01700 0.00 Q.00 200.04 1E7.85 1.01700 -12Z.74¢ 10, Z1, 23, EOZ
10 TEE.00 1 Z0g 1 0.00000 0.00000 0.32000 0.00 Q.00 Q.00 0.00 0.22170 -12.302 4, &8, 3, 58
11l £00.00 1 Z0g 1 0.00000 0.00000 0.32000 0.00 Q.00 Q.00 0.00 1.04372 -25.136 12, E3360
1z TE5.00 1 205 1 0.00000 0.00000 032000 0_00 0_aa 0_aa 0.00 100877 -25_53% 1, 4, 7, 11, 257
13 345 .00 2 Z05 1. 0.00000 000000 1.03000 0.00 0.00 20000 166.Z7 103000 -13 466 14 16 Z0. 397 :I
Total 255.4 M Free 1799 M Iniial 43M Addr Space 34.7 M Alocated 32.1 M @CCOO00 % &R Ca., Energy System Research

lity impact

i Start || /3 van00

11:22 &AM
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Probabilistic Reliability Index Program

Fast

Contingency

Analysis

>

>

1- Data
Preprocessing

2- Index
Computation

Availability Data

GOP.29
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-Situations
-Impacts
-Components
-Indices

Result
Extraction

Reliability
Analysis
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Near-Term Operating Tools:

Real-time Security Data display (RSDD)

« RSDD provides transmission operators with a
graphical, bird's-eye view of reliability over a wide
region — up to the entire North American grid

« RSDD displays voltage values and limits for
about 300 critical buses, together with the
direction and amount of power flow for about 50
“flowgates,” representing critical lines or set of
lines that need close monitoring
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Sample Screen of RSDD

ealtime Security Data Display
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Near-Term Operating Tools:

TAG-Dump

 TAG-Dump software provides operators with
aggregated schedules of wholesale power
transactions between control areas, enabling
regional security coordinators to determine more
accurately whether particular flowgates are likely
to become overloaded because of handing too
many transactions
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Tag Dump - Bubble Diagram

. Bubble Diagram for Tagdump Dump Date: 6422000 Start Hour ends at 9:00 Central
File

Hr 1 {05:00 Slow —'ﬁ
Security Coordinatars Selected SCs »-coordinate |53|]4 ri ) S EE c ‘El
“-coordinate |5324

Radius |435

Font size Im Igg

Flows <= 99 KV are not shown

667

630
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Tag Net - Ultra Bubble Diagram

Bubble Diagram for Tagdump Dump Date: 8/5/2000 Start Hour ends at 13:00 Central showing Hr 1 {13:00)

Flows == 100 MY are not showmn

775
25- 12

MAIN

3525 1639
\ ECAR
‘ 5762
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What do all these have to do with

Electric Storage?

 Large storage plants (without sufficient storage
hours) cannot compete in a power market
obsessed with energy and not paying enough for
ancillary services

- Small, distributed energy storage with high
efficiency will find a market directly with
customers, for power quality, & as a hedge
against price spikes and real-time pricing, which
will emerge.

 Large storage plants may find a role in a public
benefit power agency charged with ensuring a
healthy competive power market

GOP.35
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* The author drew several sheep, but Little Prince
rejected them one after another, as sickly, or old.

 Exhausted, the author drew a box with
holes, and said, “This is his box. The s

asked for is inside.”
® o o

three
neep you

* The Prince said, “This is exactly the way | wanted

it ... Look! He has gone to sleep ...”

* We should be more imaginative and draw a
picture of electric storage in the most creative

way!
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