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Distribution Network — DA Roadmap

| Energy
1
Transmission ! Distribution ﬂ

Business Drivers Projects

* Reliability Remote Control 2006 -2012
» Energy Efficiency DER HQ Programs 2006 -2015
« Energy Efficiency Voltage Control 2008 -2015
* Reliability Fault Location 2008 -2015
* Reliability Underground Vault 2008- 2015
* Power Quality (PQ) PQ Monitoring 2008 -2015
» Energy Efficiency Load side Management 2009 -2015
» Customer Satisfaction Predictive Maintenance 2009- 2015
* Reliability Automatic Reconfiguration 2010 - 2015 Customers
* Customer Satisfaction Customer Portal 2010 -2015

* Energy Efficiency Micro-grid 2015 ->




VOLT and Var Control




Project Objectives

¢ Improve energy efficiency by reducing the
voltage

= The amount of energy bought at marginal price
(8,3¢/kWh) and delivered to customers (6,5¢/kWh)

= Peak load of the system

= Energy losses
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Volt and VARS Control Project Concepts

Actual

Volt and
VARS Control

Minimum CSA C235=115V

Substation End of feeders




Volt and VARS Control Intelligent System
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Project Description

¢ Phase 1: Volt Reduction

= Reducing voltage settings at the substation to reduce
energy and peak load

e Studies to be done to fix the voltage level (must consider type
of load — constant impedance, power or current proportions)

e Must keep a margin for dynamic operations and unbalanced
loads

e Power Quality monitoring may be needed to insure respect of
C235

¢ Phase 2: Volt and VARS Control

= Voltage and VARS controlled through remote sensors
on the feeder

e Intelligent system to optimise online capacitors management
and volt control in a single system

T




Results and next steps

¢ Phase 1 : Manual voltage reduction test at a
typical distribution substation confirmed an
average CVR of 0,4 over one year (1% of

voltage reduction = 0,4 % of energy
conservation)

¢ Phase 2 : Demonstration project — End 2008

+ HOD aims to deploy a global Volt and VARS
Control project by 2008-2015




Fault location




Hydro-Québec's Distributed Approach

Substation j‘ E{?

Voltage Drop Fault Location DFL
= Distributed PQ analyzers
= Voltage Sags waveforms
= Most feeders require only 4 measurement sites

= Easy measurement
e Low voltage (customer side)
e GPS not required (no precise synchronisation required)
e Calibration not needed
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VDFL Basics (2)
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VDFL deduce:
s Fault current

= Position of faulty
22 lateral

= Distance to fault
, v|. = Arcing voltage
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MILE - Voltage drop on phase C

Mesure Locaisaton | Pame | Mdtéo

Er| Date début | Date fin . Signal Topolagie

-

L+
:. 2006-08-18 23:44:00  2006-08-18 23:44:00 HTD 236
| @ 20060818 224400 20060818 23:44:00 HTD 236
@ 20050818 2344:00  2006-06-19 23:44:00 HTD 236
| |@ 2006-08-18 23:44.00  2006-08-18 23:44:00 HTD 236
| €D 20050818 2344:00 20050818 2344:00 HTD 236
| 2006-08-18 23:44:00  2006-08-18 23:44:00 HTD 236

@ 2006-08-18 234358 200608-13 23:44:02 HTD 236
€ 20080817 235958 20080819 00:00:02 HTD 235

=

Résultat Id: 60754 Début: 2006-08-18 23:44:58 Halaioti
Eneur:  Aucune ereur
Selectionner |
~ Paramétres
Vnorn (V] 144000000
Température ['T] [fiEon
Facteur de puissance [pu] 1.000
Facteur de chargs (ou) [oron
~ Résultat
D (m] Amp. (%] Phaze [
HEMZF 402.00 99.95 0.00
D1G7C 13747.00 9952 -1.16
G4k 35221.00 9937 -1.58
Durée [ms] Amp. déf. [%] Fhase ("]
HEM2F 260.26 81.29 57.80
D1G7C 2E5 B4 47.44 4EE7
Gk 267 44 2718 -133.41
Branche (m) 22972 D éfaut (m) 25014
el [¥] 1298 Err B (%] 113
ErrsD (%] 0.42
oo 4
== Bl HEW2F 4z
Zane C HI  DIGTC 850
Phase C G2wdK 805
[ Localisations
26013
26021 D1R4x
25011 Z0C4H
26914 D2K8D
26012 DI1R7C
26351 D1R7K
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MILE — Fault Probable Locations

BEE

Detail pour le 13 avril 2007
Mesure Localisation Panne I Météa I
Er| Date début | Date fin | Ligne Signal . Topalogie |
€ 20070413 095559 2007-04-13 09.56:02  MAaN 234 i145 “MAN 234 YOM4SE U0A30E I COCORE = FEL7CE
@ 20070413 03:55:59  2007-04-13 09:56:03  MAN 234
@ 20070413 095559 2007-04-13 09.56:02  MaN 234
L. * ] 2007-04 5 | 2007-04-1: 9 | —“""'“—'r 1)
@ 20070413 09.2715  2007-04-13 09:27:149 Lipehe
@ 20070413 03:27:15  2007-04-13 03:27:19 i ‘ r goi
@ 20070413 09:27.15  2007-04-1309:27:149 | ! [ =
—— T
@ 20070413 06:3315  2007-04-13 06:33:14 [ =
@ 20070413 061218 2007-04-13 06:12:22
@ 20070413 061218 2007-04-13 06:12:22 iy
@ 20070413 06:1218  2007-04-13 05:12:22 r T
€ 20070413 061218 2007-04-13 06:12:22 |_"""L'_"'7_"-
@ 20070413 050717 2007-04-13 05:.07:21 | ™)
—_—
Résukat Id : 60822 Début: 2007-04-1309:27:15 I s
Emeur:  Aucune ereur
Selectionner | E
0 "
Yinam [v) [14400.0000 [ By
Température [*C] W | | I i?' ]
Facteur de puiszance [pu) I] 000 - , . I .
Facteur de charge (pu) Ig_-] fili]
Tz
~Résultat ey
D fm) Amp. (%) Phase [*) ] =
MEC3A 232.00 17319 0.00 r
H3G7 8314.00 171.82 060 H E:
52584 15254.00 171.51 -0.69
-
Diurée [msz) Amp. déf. [%] FPhaze [*] —
MEC3A 3528 100.79 40.57
HIG 7 2760 4658 36.01
52584 152.34 191 017
Branche [m) 15253 D étaut (m) 15329
ydef ) 194 Em B [%] 302 F
Enr#D (%) 0.02 L A
loe [& 817
e MeCss 725 .
Zone c H3  HIG7 430 ™ p—
bl
Phase BC el ] S —
— o —c -
 Localisations —
— —
Adr. Embra | Dat[m \\ =
- T —
- : \--§
1] H2G30 E2 T ——— E :
*
AT ’TW_- | ——)

COCOBE - type app: CC nb.cli: O long arc: 20 cumul arc: 10542 phase: ABC phase arc: ABC cap nomin: 65 conducteur 2048




Fault located

Burning traces located on
conductor at mid distance
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Fault Location Accuracy

Average absolute error: 188 m

Error spread: -315m to 619 m

Occurence

Absolute error (m)

95% of the distribution faults located are within 332m




Advantages

The main advantages are:

s PRECISION: faults are located within an average absolute
error of 188 meters (617 ft). Independent of fault contact
Impedance.

s INTEGRATION: with existing distributed advanced systems
such as AMI or ADA: The same sensors used for VDFL can be
used for PQ qualification of the system and possibly voltage and
VAR control. This system needs only software and computers to
treat the data that will lead to fault location.

= TIME STAMP NOT NEEDED: waveshape synchronization
Is done through the software.

= ABSOLUTE PRECISION NOT NEEDED: The VDFL
technique automatically compensates for lack of monitoring
accuracy.




Approaches for fault location

 Fault location based on voltage monitoring at distribution
system locations (Hydro Quebec)

 Fault location based on voltage and current monitoring at
substation (EPRI PQView)

e Fault location with fault current indicators
(communicating)

Cl:'ai ELECTRIC POWER
A
RESEARCH IMSTITUTE

© 2007 Electric Power Research Institute, Inc. All rights reserved. 23



Example of waveforms used for fault location

Slngle Phase Fault Evolves into Two Phase

Voltage (kV)

| """’ i

nt (kA)

Curre

EPRI/Electrotek

Single-Phase Fault Evolves into Two-Phase

24




I Key Application — Fault Location

A Known fault
location
/ ﬁ
Probable fault locations
* \ f "
T A # b

/ £ ,/Measurements

:., Vi *"'\
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Fault location next steps

= Collaboration between EPRI and Hydro-
Québec (2 mirror projects):

e Hydro-Quebec will expand its actual fault location
project by implementing fault current measurement in
a HQ substation and using EPRI's concept through
PQView.

e EPRI will find a partner among US utilities to
Implement Hydro-Québec's fault location system as a
demonstration project

= Hydro-Québec continues to improve its fault
location system (Cost of sensors and
telecommunication, MILE predictive
capabilities...)

~ e




Underground Vault




Underground DA program

Justification: improve
downtown Montreal
SAIDI

Completed in 2006 (~
100 remote controlled
underground
switches)

Optical fiber is used
for telecommunication |

Project to extend data
acquisition for the
underground system
(system of the future)




Sectionnalizing




Teaching installation, 1 st. _prototxpe
“—-—'




Underground Vault of the future

= First stage of the project (defining the
needs)

= From 8 potential benefits, 2 were
selected

e Transformers and underground cable
overload

e Teledetection of thermal anomalies

I




Corngonents

Medium voltage cables

39, 500 or 750 MCM Al, 25 kV,
XLPE, cn Cu

12, 3/0 Al, XLPE, Nc Cu

MV connections :

Transformers :
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Cormponents

Underground Vault of the future

Telemonitoring

Underground vault

Tomorrow . . . .
Medium voltage lines and Sectionnalizer :
- Fault detection
- Feeders currents
-Overload

MV connections :
- Detection et teleindication of thermal
anomaly

Transformers :
- Overload

- Water level
- MV voltage
- LV Protection opération

Data acquisition system
Load profile
—— - Follow-up of thermal evolution




PQ data from Distribution substations




PQ data from Distribution substations

Hydro-Québec's substations belong to the
transmission company (TransEnergie)

Substations PQ monitoring equipment selected in
2006: ION 8600 /8800 from Schneider-PML

= One PQ meter per MV busbar or Power Transformer

More than 50 meters installed by the end of this year,
(57 planned for 2008)

Joint working group (HQ Distribution / TransEnergie)
to optimize the data management (Secure Data
access, Data architecture and software, standard
reports, specific PQ analysis...)

LT



Data management software analysis




DATA Management — Sotware analysis
The goals are:

= Analyze the Software available to manage the

distribution equipment (Reclosers, Remote
Controlled Switches, Voltage Regulators,

Meters...) installed on Hydro-Québec's distribution
system:

e Precision and accuracy

e Compatibility, file format

e Ease of use

= Gather information to optimize the data
management for Hydro-Québec's technical staff

I




Interface Software

Alarm Data format Clock . . . Associated
Comirol Software T supported synchro Polling PQ functionality Comm Ports Graphical Software
L
ﬂ cevitx), SR G R s i
SELISIR ACSELerator MG Ho logltat), tut Manual Ves Jags, dwells, AR5 Sclfs.édi
QuickSet Harmotics, Flicker, ete
SEL L
Waweform Capture, B B ¥
SEL 351J | ves | e 1'“‘{5{':’“); o | Mamual | ves Sags, Swells = ::3%,5 RS %
565010 log(txt), . 55, SWE" 5 Sel-5601
Harmotics, Flicker, et
L
ﬁ cev(tx), Waveform Captuee, | p2333, RS- B
SEL 651R il Yes Mo Togl tat), txt Ilanual Fes Sags, Swells, 425 5c|';gJ?
QuickSet Harmomnics, Flicker, etc
|lr;| Wiareform Capture, 0 3
Cooper Form 6 L Yes Ho txt Il atmial Yes Sags, Swells = 2?4%5 R *
Froview 4,0 : .
e Harmomnics, etc
1H4+ Waveform Capture
Pt : F3.732, RS-
ABE PCD-2000 .CI.F:LHE Tes Mo At Dlatmaal Tes Sags, Swells 425, FO #
PRt TWaveform C R3-232, RS-
ABH 5CD [ Yes Mo At Ilanual Fes aveforn Capture, ? .
Afsuite Hags, Swells 453, FOQ
S&C M Series _*B:l * | Mo * * Yes " RS-232 *
InkeliLink
Cooper CL-64 ©Ce * No * * * Harmonics, etc Rs_q?ggjz’FoRS_ i

* Teston IED and corresponding software not performed yet

.
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Data format Clock . . . Associated
Conitrol Software T supported synchro Polling PQ functionality Comm Poris Graphical Sofiware
ﬂ Waveform Capture, R3-233, FO, v
PAL 10N 8600 Muagemere | 185 | Yes B0L Auto Tes Sags, Swells, R3-483, 7
Console Harmonics, Flicker, etc 10BaseT e
M Waveform Capture, R3-233, FO, V
PML IO 8800 Managerment | FES | Yes a0L Auto Yes Sags, Swells, R3-485, ~ M
o Harmonics, Flicker, etc 10BaseT vista
& S0L, PODIF, Waveform Capture, R3-425, IR, ﬂﬂ}?‘\
EINEXUS 1252 | swes | T%5 | Y85 | cOMTRaADE | W0 | Ves Sags, Swells, 10/100BaseT S
Hatmonics, Flicker, etc
& 801, PODIF, Waveform Capture, RS-425, IR, :\,.-\
EINEXUS 1270 | <88 . | Yes| Yes | S iTRaDE Auto UGS Sags, Swells, 10/100BaseT powe Graphs
Hatmonics, Flicker, etc
oo [
FUTURA+ B Yes | No txt Manual | Tes Waveform Capture, R3-425 L]
EWM{:MDI WG%
GE EVic+ Ifatetllate | Yes | Yes *HTML) * Tes Waveform Capture R3-232, FO *
AREVA - Waveform Captuge. | FS-232 RI1L W
BiTRONICS t Yes | Mo | HhCfE b | ves S Swelle | IRIGE, RS-4e5,
T Series Software (tat) ags, wwells, .
MS571 Harmonies, Flicker, ete 10BaseT Wavewin
* .
Teston IED and corresponding software not performed yet
P — b= 2 U S = % Sl
E h F -




CONCLUSIONS - Control, relay & meter
software interface characteristics

The analysis of the software results in the following conclusions:
= Software Interface:

e All the different equipments present on the distribution system have their
own proprietary software not compatible to each other, making very
difficult for distribution engineers and technicians to communicate with
the equipments, retrieve and interpret the data.

e Most of the software interfaces were found to be user friendly.
e Some interfaces are more complex and difficult to use (Versatility).

e PQVIEW is the most versatile software so far

s Data file format:

e Several file formats are used: text, PQDIF, COMTRADE, SQL, etc.

e So far, an SQL database has shown great advantages.




CONCLUSIONS - Control, relay & meter
precision and accuracy

= Controls Measurement Accuracy and Linearity

= The accuracy of controls measurement is
acceptable, but the measurements do not fully
comply with international standards.

= Meter Accuracy and Sampling Rate

= The accuracy of meters is higher than that of
controls. The meters comply with some of the
International standards. Their sampling rate
ranges from 128 to 1024. Some of them qualify
for class A as defined by IEC 61000-4-30.




Data management Software analysis -

General conclusion

Data management from today's equipment is
possible but it is surely not optimal

= There is a need for data integration to reduce
cost and improve data acquisition efficiency

This project brought knowledge about
present distribution equipment performance
and improvements to do in the future
(technologies, sensors, standards...) to
Integrate data acquisition




Distribution Network of the future

|
Transmissioni Distribution

! Energy exchange

Distribution system technologies
(sensors, control cabinet, meters...) development

and software must be coordinated through standards
to reduce cost and reach a "plug and play" design.

Collaboration is needed between utilities and manufacturers
to define distribution data integration standards




Next steps




Next steps in Hydro-Québec's ADA
program

1. Volt and VAR Control
« Demonstration project — End 2008
2. Fault location

« 2 mirror demonstration projects (one in Québec, one in the US) —
Collaboration with EPRI

3. Underground Vault
- Beginning of stage 1

4.  PQ Data from Distribution substation

Joint working group (HQ Distribution / TransEnergie) to optimize the
data management from the PQ monitoring equipment

5. Data management

-  Software analysis — completed

« Sensors analysis - 2008




Hydro-Québec's DA/DER test line

The test line has been used for
= DA equipment performances
= Broadband on Power Line tests
= Power Quality Benchmark
= Data management software

In 2008, it will be used for
= Sensors analysis
= Capacitors testing
= DER testing




Hydro-Queébec's Distribution roadmap




Global Roadmap Process

' < Benchmarking Phase 1
Current development plans \/ December

Collection of information 2006

. ) v

Business drivers , o
o o - Elaboration of a vision -
Gmd_mg principles Studies, Phase 2
t Validation ATl June 2007
Elaboration of a shared vision
I I I I I I I I I + I I I I I I I I I I I ]
) Elaboration of a development plan
Cohesion il Phase 3

R&D Development
- Work plans December
Publication of standards 2007

Equipment certification




Hydro-Québec's Distribution roadmap

In 2007 Hydro-Québec started a global roadmap exercise
= Technology: a contribution to efficiency

= Up to now the roadmap confirms that telecommunication
technology will impact operation, maintenance and metering
for the next 15 years

= The general design of both overhead and underground
systems should remain the same for the next 15 years




Conclusion

Hydro-Quebec has started several projects related
to Advanced Distribution Automation

= Demonstration projects will be launched on Volt and
Var Control and Fault location projects in 2008

= Data management studies will continue in 2008 (PQ
data coming from substations and Sensors installed

on feeders)

Collaboration is needed between utilities and
manufacturers to define distribution data
Integration standards






