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Today’s Power System

Generation Delivery Customer

Base Load | . | Load Following +/— Bulk Energy — | Customer __| Interruptible
Generation Generation Storage — | Demand Load DR
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Customer

Generation Delivery - Customer

[How will customers use electricity? ]




Smart Grid Challenges

Top Down - 10 Smart Grid R&D Challenges

Standards & Interoperability
Communications Technology
Energy Mgmt Architecture & Integration
Security & Privacy

*Renewable & DER Integration
Data Mgmt, Analysis & Visualization
Grid Management & Planning (Bulk)
Smart Grid Cost Benefit Analysis
Customer Integration Strategies
Advanced Technology Assessments
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Challenges: Turning Data into Opportunity & Value

[ Industrg IS creating more and more data l

p No. Of PMU’s installed has
doubled in the past 12 months

e From 1 Meter Read/mo to
Hourly (720/mo)

e = Increase in Data
(((720-1)/1)*100%)

» Generating Terabytes of data

e Transitioning from
Implementation to Analysis

] mlenss

[ Management SOBtimizationg of the Grid = Management of Data l

o
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Maximizing Data Value Throughout it’s Lifetime

Value of Individual Data Item Value of Data in Aggregate
A (Real-Time Transactional Value) (Historical Analytical Value) A
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Aggregate Data Early In
Transactional Value
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Age of Data
ELECTRIC POWER

=S~

. ) . RESEARCH INSTITUTE
© 2013 Electric Power Research Institute, Inc. All rights reserved. 7



The Opportunity

e Leverage Smart Grid Investments that are S——
: o - utomate
Producing High-Quality Data [ Action
. Integr_ate_d Data Sources across different St
organizational groups ' Support
J
 Apply advanced data mining algorithms = ——
 Demonstrate the data analytics appllcatlons
— Planning Operation, and Asset l Raw Data
Management /
[Improve Reliability — Increase Operational Efficiencies }
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Data Integration for Asset Management and
Operations



Backdrop

e Power Delivery has:
— Asset related data available in the field
— Knowledge about asset behavior
— Maintenance management systems & methods
— Sensor technology available to monitor assets

[ So what is the challenge?

EPR | .
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What if | only knew.....

* When this circuit breaker last operated
—Was it slow or within specification
—Did it clear a fault or just opened for
maintenance

— Has it seen many faults, at what
energy level

— How are other similar units doing

e |s this transformer doing okay
—|s It gassing
— Are its winding loosening up
— Has it seen many faults, at what
energy level
— How are other similar units doing
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Our Generation Colleagues get it
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SsmMartsigna

Now a part of GE Intelligent Platforms

-~ Entergy's "Big Catch”

Saves up to
$35,000,000

Click here to find out how.

KCP&L Avoids Surprise
Equipment Failure

Fleetwide

Read how KCPA&L protects
their entire fleet.

AINSTEP

Leading Companies Use PRiISM

55555555 NA

N COMPANY
(PRiSM Deployed Across Fossil Plants)
3
eDF

» (PRiSM Used For Gas Turbine Monitoring)

.

(Fleet Wide Generation Monitoring. Extending Transformer Monitoring)

»  Exelon
(Fleet-wide Nuclear Implementation in Central Performance Monitoring Facility)

»  (Fleet-wide Implementation With Over 2,000 models built for Gas and Coal
generation equipment)

{Plant Process Computers Monitor Critical Elements
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http://www.instepsoftware.com/index.asp�
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What's the problem?



How big Is the gap?

Total Area is about

I
Byron | 11,400 Sq. Mi.
. “a.

about
i

[Geography is over 100,000 times as big
L
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An Existing Architecture Example

Data Sources

Reporting & Visualization
Tools

Relational
Database

PainkID

TTTTT

Alarm Date
> State
Pointld &larm Tvpe
PaintMame
%, e
Fault Files
L e |
Assets
u s
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An Example Future Architecture

Data Sources

Fault Files

i

ETL Tools

TMDV Database

:i%_

\ | ‘.. |
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Uniqueness of Utility Data

High-frequency

switching devices, Dynamic system

Wind and solar

inverters r:ts;)bo”r;tsye) output variation  pDay-ahead .
Synchro-phasorg Service Scheduling T&D planning
: Demand
Protective relay restoration
operalions response l
f' I A | )
| | T 1 1 1 T T7 1 T 1 I ccconds
10 1073 100 103 108 0°
millisecond second :
minute hour| day year ecaqde
One AC Cycle Hour-ahead scheduling
and resolution of most Life span Life span
renewables integration studies of IT of OT
assets assets

The uniqueness of the utility market requires
unique technologies and architectures

EPE' :‘!i:l':::'.::;'l :. : ":I I' I‘:II TE
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Other issues

e Data ownership

* Naming

 Location

* Understanding the broader enterprise value
« Data decimation

 Periodicity

e Latency

» Asset Testing

« System conditions

« System topology

EFPI2 | e e

© 2013 Electric Power Research Institute, Inc. All rights reserved. 18



Field Data for Asset Management and
Operations

Problem: Utilities have numerous f,;, . ‘\\
, PIAF Enterprise

stand alone data sources that can Process Book 23:*:{.2‘::“* Network i

Model
be difficult to access and use

Manager
A Solution: Use CIM to jemT oo Pl Histdrian

Asset

Analytlcs o)

—— o o

(GIS and
Real-time ™ Asset N Asset Test‘ Maintenance ™ 1

link and integrate oo 0 (i (e iy Py
Isualization - —
these data sources. Sener |t [
Phasel -
Initial
AN Deployment
- % """""" N in EPRI Lab

Substation

-
-
o o 1 Substation
1 Gateway
)
-
/

o o o o o o o -

\
|
|
|
I
I
|
1

Using CIM models provides the basis for analytics that improves
decision making.
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Recent Project Demonstrations
A N N R, N Y4

w M) R4

CCOT!
Perfor
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Synchrophasor-based Situational Awareness
and Decision Support

Online Monitoring Real-time Stability Assessment

p, B EiLS: Risk
—_— . -—
= e /
Pwl — Pm}!
==
| ‘) g‘ J
< \/ o ¥

Ph lock '
%ﬁg %8 e o Simplified model on the interface

Dominant oscillation mode Time

Scenario N
| Scenario 2

Scenario 1
Cond. Action

Look-Up Table

I~
vl Control Action
Al N covvolAciny =%,

Visualization at Control Room

Interconnected Power System =Pl | ELECTRIC POWER
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Synchrophasor & Other Data for Disturbance Location
ldentification

. * Use data from PMUs and other
Generation Trip sources to identify disturbance
location and magnitude

— frequency wave propagation
"I AF and system frequency bias

— DR - TALY
S00E L — FORAS - B e
ol 0.004Hs e g Disturbance
L
e Center
[=aks ]
FDOR1E-MY
[Felnn-1
- FOR7-MISS
- FDR11-CALV
mEl FORL13-MidWest
BEEL FOR26-Louisville
SaEl -
1;1‘23& 121';1-3-lIlI = 121‘;1-? 1.;1:1';2 1.;1:; =T FDRLE-P\IIIEI-C
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Phase Difference (deg.)

Synchrophasor-Based Early Warning of Inter-Area
Oscillations

e |dentifying vulnerable grid

—12s o e—k interfaces based on mode shapes
AN of inter-area oscillations

P e Providing a risk index of angle

T

Angle Difference (deg.)
IN o
o o

2 i separation on the gnd mterfaces
WW“W“W“
40 80 fime 160 200 240 | iy

—1-234

II-'J--- ke thaw Shabwiby-resind [rformasze
0.8 —14-23 ?‘AQ ~ K\ e
el Brasca Giomarr [ 1 [ Ehuen Bhide Thape Geck
X M: e i A
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o ~ \ ..._l \ \-\i 166 I :
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1R
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02 2
40 80 120 160 200 240 =

Time (s) (= [ | i i e
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Synchrophasor & Other Data for System Dynamic Model
Development & Validation

Process Basics

« Use on-line disturbance data or staged | amturbance |
test data from generators, loads, et. al. v
« Software tool to determine appropriate Extract DFR
generic dynamic model parameter S v
Values __»( Data post
 Validate individual component models (___processing | Disturbance Data
and overall system response i

Model Derivation Baseline Model
Tool (PPPD) Structure & Data

Model Derivation

Grid Disturbance

PMU/DFR
at Plant

Compare derived
parameters w/
baseline data

[ Validate Power Plant Models for NERC MOD-26/27 Standards ]
EPR |

Model Validation

© 2013 Electric Power Research Institute, Inc. All rights reserved. 24



The Power Of Holistic Analytics

Online Dissolved
Gas in Ol
Analysis

Fluid Quality,
Moisture-
in-Oil

Transformer
Nameplate

Maintenance
History

Historical
Event Info

Readily Available EPRI . Additional Condition
. . , Sorting Process . :
Information Analysis Engine Information Indices

Number
of Units = Effort # of Units = Effort

=S~
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Using AMI Data to Identify Meter Phasing
ﬁmﬁl

T._H_.
fn

B 5
f5
[

&

Problem: Phasing errors are
common in GIS data.

A Solution: Use voltage and

current from substation SCADA cl s
and customer AMI to estimate ' :
phaS|ng _:_.;__ L
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Using AMI Data to Auto-Generate Secondary
Circuit Models

Problem: Utilities don’t have models
of secondaries, or they are poor. IS Mods!
——{ e

1373

——1473

A Solution: Use voltage and current

1588

from AMI to auto-build secondary 1613
circuit models.

1601

Model based on AMI data
| 8155
L ——iL

1373

1473

1813

I T T T T 1
0.00 0.05 010 0.15 0.20 0.25
Resistance, (3 (at 240 V)

[Secondary model based on AMI data was better than the utility modeﬂ

ELECTRIC POWER
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Using AMI and Sensor Data for Dlstrlbutlon
State Estimation (DSE) -

Problem: Utilities don’t have
way to identify and correct

“bad” data @\ P AN
it

m- B8 —— ‘* S I
A Solution: Use data from AMI | - s X |
and distribution sensors to ‘:
determine current electrical o8
state of the distribution - _©
system |

[ DSE improves reliability of advanced distribution applications ]

ELECTRIC POWER
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Example: Combinations of Related Data Items

=]

—— Normal mode
7 —— Reduced voltage mode

Problem: Utilities don’t have
way to evaluate efficiency
Improvement benefits (e.g.
Voltage optimization)

Average daily MW

2.5
2 Y

T T T 1 1 1
1.5 4 ; : : ﬁ; |W 30 40 S0 &0 70 80
1 -

0.5 Average daily temperatun

Load MW

—— Normal mode
—— Reduced vollage mode
U TTIITTTIIT T I I T I T T T I I [ T I AT T T I I T AT T T I T[T I T ITIT I T ? =1 g

A

~ D D C R~ A S

m— VR On
=—CVR Of

A Solution: Combine data from
similar circuits and weather
data to identify benefits

Comparable circuit average daily MW

29 EFE' :: L=.I:' ,-.I .::. :uJ: !--“r.. 1
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Pattern Recognition

Hydro Quebec: Using Feeder Monitors to
Locate Faults and Estimate Cause

A dangling phase conductor
that caused multiple
momentaries

EE

x_ _-’"'-’;
Another case of a bad insulator
causing repeat momentaries

ELECTRIC POWER
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Daily kWH

Using AMI Data to Detect Stressed
Assets

Gansumplion

3000
[N N I N A BN N

Transformer load growth due to single
customer, 40 apartments, converted from gas M

2500

to electric space heaters - usage increased by

2000 400% w}
1500 EL“

1000 \/J 1
sy IS AL w?&l_ﬂ'ﬁﬂ\fh A ,F

Vit

0
F & $ e & & & S & & & & ® & F P

o (SN i) \SY O - - i) o & - G g -
) ) ) ab b b b ~b b ~b b b 2 ]‘Q’i

§ & . e .
&P {L veraging Data May Result in Avoiding Asset Failures
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Enabling Technologies that are Emerging

* Enterprise architecture
- Visualization technology f¢44 * #s"4
e Database technology

 Standards for
Interoperability

e Sensor technology

El ELECTRIC POWER
I-’= RESEARCH IMSTITUTE
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Relay Event Logs
(event, waveform, configuration)

» 030201,13384930,-4d,Magella,SOUTHSIDE LINE
PRI#16,APCo,,,04305n,07767/w.SEL

FID=SEL-121G-5-R413-V656mptrl2syzfs2-D941021-E2

Currents Voltages Relays Outputs Inputs
(amps) (kV)
52265L TCAAAAA DPBD5E
IPOL IR 1A IB IC VA VB VC 011710 PL1234LTTTC2T
8 15 -8 -102 102 -63.4 57.0 6.8 ...... ccuvenn ... *,
0O -15 94 -64 -26 -28.8 -40.6 69.6 ............. .... *,
-8 -15 4 98 -106 63.5 -57.0 -6.8 ...... ccenn.. ... *,
O 30 -98 64 30 28.8 40.7 -69.6 ...... ....... .... *,
8 -15 0 -94 106 -63.5 56.9 6.9 ............. ... *,
0O -15 98 -64 -30 -28.7 -40.8 69.6 ...... ....... .... *,
-8 15 0 94 -102 635 -56.9 -7.0 ...... ceveeen .. *,
O 0 -98 68 26 28.6 40.9 -69.6 ...... ... ... *,
Event :EXT Location : mi ohms sec
Duration: Flt Current:

R1 =040 X1 =226 RO =196 X0 =6.90 LL =3.01
CTR =240.00 PTR =1000.00 MTA =75.00 LOCAT=Y
79011=10000.00 79012=10000.00 79013=10000.00 79RS =8000.00
Z1% =90.00 Z2% =140.00 Z3% =171.00

Z2SP =0.00 Z2DP =25.00 Z3DP =90.00

ErRI|
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Kohonen Neural Networks

oy
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Relay Signhature Analysis
(cluster analysis & movie)

1360
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Thank you!

Paul Myrda
pmyrda@epri.com
708-479-5543

Together . .. Shaping the Future of Electricity
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