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Objective

The workshop is designed to illustrate requirements for the
distribution management system of the future through
examples of advanced distribution system applications that
are being implemented around the world. These
applications include advanced voltage and reactive power
control, integration of distributed resources, demand
response, real time state estimation for optimizing
performance, automatic reconfiguration, integration of
advanced metering, etc. The tutorial will include a focus on
modeling requirements for the distribution system of the
future to support real time simulations, voltage control,
new load models, and integration of distributed resources.
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Schedule

a0 Development of the Smart Distribution System —
Mark McGranaghan: mmcGranaghan@epri.com
Bob Uluski: ruluski@epri.com

O Smart Distribution Roadmap at Hydro Québec —
Georges Simard: Simard.Georges@hydro.qc.ca
Christian Perreault: perreault.christian@hydro.gc.ca

O Active Distribution Network Concepts —
Bob Currie: robert.currie@smartergridsolutions.com
Graham Ault: g.ault@eee.strath.ac.uk
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Schedule

O Advanced Distribution Management at EDF —
Sébastien Grenard: sébastien.renard@edf.fr

O Integration of Distributed Renewables and Electric
Vehicle Charging in Ireland —

Andrew Keane: andrew.keane@ucd.ie

O Model Requirements for Smart Distribution —
Roger Dugan: rdugan@epri.com
Andrew Keane: andrew.keane@ucd.ie
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Development of the Smart
Distribution System

Mark McGranaghan
VP, Power Delivery and Utilization

Bob Uluski
Technical Executive

Electric Power Research Institute
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o What is “Smart
Distribution”?

O Building blocks for
smart distribution

O Smart Distribution
Applications
What they are
How they work
Benefits they provide

McGranaghan/Uluski —Smart Distribution Systems Workshop
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What 1s Smart Distribution?

Continuous monitoring of distribution
assets located in substations and out on
the feeders, and control of these assets
for improved efficiency, reliability, and
performance, without compromising
safety and asset protection
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Substation

Vehicles

Demand Response
High Penetration Solar
Energy Storage

Control
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Characteristics of the Smart Distribution Grid —
The Intelligrid Vision

Makes use of communications,
computing & power electronics to
create a system that is:

m Self-Healing and Adaptive

= Interactive with consumers and
markets

= Optimized to make best use of
resources and equipment

m Predictive rather than reactive, to
prevent emergencies

= Distributed across geographical
and organizational boundaries

= Integrated, merging monitoring,
control, protection, maintenance,
EMS, DMS, marketing, and IT

m More Secure from attack

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Building Blocks for Smart Distribution

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Key Smart Distribution Applications

O Demand-side Integration and Empowering Customers Wﬂ
= Price Signals & Technology "5

O Improving Reliability and Power Flow
= Automatic Reconfiguring or “Self-Healing”
= Advanced Volt/VAR Control -

o

O Reducing Green House Gases K
= Deploying Renewables |
= Optimizing Operation of Centralized Generation

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Demand Response
Diverse Architectures and Technologies

m~ _
Reaching the Entering Inside the Home
Home the Home

Via Energy
Management
Console
Powerline Based
Wireless Direct to

T
- |
Devices i

;® Non-

Wired / Fiber Meter

Gateway
Device
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Consumer Feedbck Mechanisms

3 4 6
Estimated Daily /Weekly Real-Time
Feedback Feedback ed Plus

Web-based From Actual nergy displ Real-time,
energy Obdil‘S £ usage data, mail, : e5 " l:!pp“cmce level
billing mulysls_. email, self-read, 5 evice! monitoring or

contral, HAN

“Indirect” Feedback “Direct” Feedback
[Provided After Consumption Occurs) {Provided Real Time)

/ H‘fnrt to Implement

Average Conservation effects

20%
15%
g, 10% -
& |
5%
-10%
Type 2 3 Type4d Type 5 Type
6
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Enabling Technology Variables

Evaluations — Technologies Provided for Free and for Purchase

Web

Web + IHD Basic

Web + IHD

Web + IHD + PCT

Tatal Electricity Consumption

923 &>

“...Z' (e Rd

oD

|

Tatal Electricity Consumgption

“...:' e

Tatal Electricity Consumption

“...:' arssce Rl

Tatal Electricity Consumption

“...Z' e

McGranaghan/Uluski —Smart Distribution Systems Workshop




CIRED) Trankfurt (Germany), 6-9 June 2011

Demand Response <% Map Data Table P

.. | Map | Satelite Hyhrid

’_GRID GRID & B Substation

Intelligent Distributed
Making Your Smart Grid Brilliant! EI'IeI'gy Resources (I_D ER)
www,.GRIDiantcorp.com  Planning & Management

Generation Reduction (MW): Total Dispatched (MwW):

0.0000 0.0000

Demand Side Resources

DR-R || DR | DG || Storage

Dispatch Recall Criterion
DR Criteria; € Losses ¢ Transformer Loading ) Both
| |
Customer Impact

Frequency: Every =

Max Duration (Hrs.): 3 - = ’:f :
Curtalment ( Year: 10 v o = =
Recall Mode: RSI he .=.
[ Type  Rank D Losd Ky ICAP Y Tatal My System before Optimized DR :.-
dispatch (loads ranked by both
potential associated loss
reduction and transformer I
loading reduction) z
Resource Suitability
DR DG ST
Excellent @ E A
Good @ B A Substation
Average @ 0 a 7
Mediocre @ B A %
Dispatched @ & a Distribution System (Partially Shown) =
< | o 4 substations, 8 feeders, ~1700 customers
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“FLISR” — A Smart Distribution Application for a
“Self Healing” Grid

POWER RESTORED Feeder
Customer Field TO CUSTOMERS ON
FAULT  Repors Crews oy HEALTHY SECTIONS Back to
OCCURS outage On-Scene OF FEEDER Normal
l . Fault Investigation TimeTo Perform .
Travel Time & Patrol Time Manual Switching ‘ Repair Time
N JAN J\_ J
H_j Y Y Y
5-10 15-30 15-20 10- 15
- minutes minutes minutes minutes
45 - 75
minutes

o Fault Location, Isolation, and Service Restoration
O Use of automated feeder switching to:
Detect feeder faults
Determine the fault location (between 2 switches)
Isolate the faulted section of the feeder (between 2 feeder switches)

Restore service to “healthy” portions of the feeder

McGranaghan/Uluski —Smart Distribution Systems Workshop
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FLISR Components

Substation
Circuit
Breaker or
Recloser
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FLISR Components

Substation
Circuit
Breaker or
Recloser
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FLISR Components

Substation . Sensors or

Fault

Cireut Detectors

Breaker or
Recloser

“l-*
(i
|
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FLISR — Normal Operation

FLISR measures and records load
on each section

McGranaghan/Uluski —Smart Distribution Systems Workshop
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FLISR Operation — A Fault Occurs

Permanent fault occurs in section
surrounded by switches 2, 3 and 6

FDs at switches 1 and 2 detect the fault

Substation #1

McGranaghan/Uluski —Smart Distribution Systems Workshop
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FLISR Operation — Feeder Protection Operates

Feeder protective relay detects fault,
trips substation circuit breaker
(Switch 1)

Substation #1

No

Fault Pm Pm
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FLISR Operation — Locate the Fault

FDs 1 & 2 saw a fault

FDs 3 and 6 did not see the
fault

Fault must be In section
between switches 2,3, & 6

Faulted
Feeder
Section

Substation #1

|
| |
Em e

No

.M 1 ' .0 1 Fault
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FLISR Operation — Isolate the Fault

Automatically open
switches 2,3, & 6

Faulted
Feeder
Section

Substation #1

F — Fault

Fm
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FLISR Operation — Upstream Restoration

No need to check load for
“Upstream” restoration —
we know CB can carry the
first section!

FLISR closes CB

FD at switch # 1 resets

“Upstream” =
between
substation and
faulted section

Substation #1

McGranaghan/Uluski —Smart Distribution Systems Workshop
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FLISR Operation — Downstream Restoration

Compare pre-fault load
on section 3-4 with

Available substation 2 capacity
“Downstream” = Capacity
between faulted e Enough capacity to

section and end I transfer this section
of feeder

Substation #1

McGranaghan/Uluski —Smart Distribution Systems Workshop
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FLISR Operation — Downstream Restoration

Close switch 4 to transfer
section 3-4 to substation 2

“Downstream” =

between faulted

section and end
of feeder

Substation #1

|
No 0 5

Fault Pm Pm
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FLISR Operation — Downstream Restoration

Compare pre-fault load
on section 6-7 with
substation 3 capacity

“Downstream” =
between faulted
section and end
of feeder

Not enough capacity to
transfer this section

END OF FLISR
OPERATION

Substation #1

Available
Capacity
=1.5 MW

McGranaghan/Uluski —Smart Distribution Systems Workshop
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MicroGrid Paradigm

MicroGrid concept assumes a cluster of

loads, micro-sources and storage
operating as a single system to:

Presented to the grid as a single
controllable unit (impacts system
reliability; fits new paradigm)

Meets customers needs (such as local
reliability or power quality)

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Microgrids
MGCC Non-critical loads
iy 1
Grid Trah:g;nt'ner
2 a i

Intermediate
storage
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Microgrids
Island operation

MGCC

MVI/LV
Transformer

Intermediate &
storage
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Community Energy Storage — A Virtual Substation Battery
Operated as a Fleet offering a Multi-MW, Multi-hour Storage

Local Benefits: Grid Benefits:
1) Backup power 4) Load Leveling at substation
2) Voltage correction 5) Power Factor Correction
3) Renewable Integration 6) Ancillary services
Integration | Utility Dispatch
Platform [ .. ; CI_ES _C?(_)_n_t r_o l_ HUD | Center /SCADA
Communication & B | ﬂ. . ] | e
Control Layout for ~— ) ~
CES ; -5 3
o

y' | y Substation

‘- i
| | | I
- Yces .r_@ A g CES
I_ |
' P

| |
Ad S AAAA AN AAE A
Power Lines
- Communication and Control Links
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Applying Microgrid Concept to FLISR

Substation #1

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Applying Microgrid Concept to FLISR

Substation #1

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Optimal Network Reconfiguration

oGoal: ldentify changes in feeder
configuration that would improve
overall distribution feeder

performance and reliability
optimize topology for steady state
operations...

oSelectable Operating |

Objective
Minimal power and energy losses
Maximum reliability
Best load balance
Best voltage profiles

Weighted combination of the
above

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Optimal Network Reconfiguration

oGoal: ldentify changes in feeder
configuration that would improve
overall distribution feeder

performance and reliability
optimize topology for steady state
operations...

oSelectable Operating |

Objective
Minimal power and energy losses
Maximum reliability
Best load balance
Best voltage profiles

Weighted combination of the
above

Load
Transfer
Occurs

McGranaghan/Uluski —Smart Distribution Systems Workshop
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What is Volt-VAR control (VVC)?

o VVC is a fundamental operating requirement of all electric
distribution systems

O Prime purpose is to maintain acceptable voltage at all points
along the distribution feeder under all loading conditions

Lt

;E | Primary Feeder
SUBSTATION vl” Digttibution ulu

Transformer A
Secondar dervice
First ¥ Crrop Wires
Customer e

I Last

|
| : Customer
' |
|
Yoltage ‘r : :
1
122 | .
3 wolte
[ F‘rimdly
mey i 2 vats distributibn
117 First Custormer hansforn'!er
116 1 11 wolt zecondary
11 wolt =ervice drop
nsyreee Last Customer
AMSI C84.1 Lower Limit (114 waolts)

Distance
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Volt-VAR Control in a Smart Grid World

O EXxpanded objectives for Volt-VAR control include
= Basic reg’t — maintain acceptable voltage

= Support major “Smart Grid” objectives:

o Improve efficiency

o Reduce electrical demand and/or accomplish enerqy
conservation through voltage reduction

o Promote a ‘“self healing” qgrid

o Enable widespread deployment of Distributed generation,
Renewables, Energy storage, and other distributed energy
resources (dynamic volt-VAR control)

— i - o
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Efficiency Improvement/Loss Reduction
Through Reactive Power Compensation

| xLine R

Line ‘Llne

1 B

Substation

d
— 2
Losses = I..2 X R
l . XLine RLine
Line \ ;
— @I@_ﬁ ‘."I‘I‘-I .":‘I"‘ I‘.‘H'-‘
N r %)(Load Cox D fmitinl Posear Facin
Substation { () ] | .
X e Load \".I : 5 ;
cap | T Rt Sl bt
‘ RLoad
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Concept of Conservation Voltage Reduction

O ANSI standards have some
flexibility in the allowable
delivery voltage

O Distribution utilities typically
have delivery voltage in upper
portion of the range

O Concept of CVR: Maintain
voltage delivered to the
customer in the lower of the
acceptable range of normal
operation

McGranaghan/Uluski —Smart Distribution Systems Workshop

Allowable
Voltage Range

Volts
128

“Ustial Gtility |
= delivery- -
. voltages. .

124

anIag 4,

120

uonezin .4,

116

112 . Delivery -
. '\.'r:llta o
with.ACVR .
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Conservation Voltage Reduction — Why Do It?

O Many electrical devices operate more
efficiently (use less power) with reduced
voltage

Incandescent Light Bulb (70W)

Impact of Voltage on Real
Wiatts Power Consumption
80
P — V 2 = R 75 /
70 M’v
65
“Constant Impedance” Load *0 /
25 3
50
100 105 110 115 120 125
Volts

“Evaluation of Conservation Voltage
Reduction (CVR) on a National
Level”; PNNL; July 2010

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Conservation Voltage Reduction — Why Do It?

O Many electrical devices operate more efficiently (use less power)
with reduced voltage

Voltage effects on 2 Hp, 230 Vac, 10

Efficiency MOtOf
| Motors are often

1 viewed as “constant
//;;\ power” devices

N ——1.15 pu torque \‘/ +1-1ip1fforque |\/|Ot0l‘ 8ﬁ|C|enCy

" T “amme | actually improves for
T small voltage

N / reduction

M.S. Chen, R.R. Shoults and 1. Fitzer, Effects of Reduced Voltage on the Operation and Efficiency of
Electric Loads, Volumes 1 & 2, EPRI, Arlington: University of Texas, 1981, Motor Number 3
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CVR for Demand Reduction

Applying CVR at peak load can reduce total
demand_ (kW) Typical Winter Morning

)74 \

500 AM 528 AM 357 A 6:26 AM 6235 AM 724 AN 752 AM 21 AM 8:50 AM 919 AM

. N ) VA))FEE DEE
EUCTI Contference Peak Shaving via Voltage Reduction ELECTRIC COOPERATME
September 16-17, 2010 Tty 1
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CVR for Energy Savings

Applying CVR around-the-clock can reduce enerqgy
consumption (kWh) ! ' | .

9_

Normal mode —
Reduced voltage mode

Average circuit power, MW

McGrane.,. ...... -.ski—Smart Distribut Hour
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Benefits of CVR

O Effectiveness measured
by CVR factor:

CVR factor = % change in
load + % change in voltage

O Example:

If CVRf = 0.8

117V (2.5%)

2.0%

Utility CVR Factors, Based on Implementations or Tests

CVR

Ltility Factor® Comments
California 10Us 0.75
Mew York State Electric & Gas 0.6
Central Florida Electric Cooperative 0.5-075 ggﬁ'”m”:ﬁ S
Clay Electric Cooperative (Florida) 1.0
Progress Energy — Florida 1.0
Georgia Power 08-1.7 125
Cobh EMC (Georgia) 0.75%
Progress Energy — Canolinas 0.4
Avista Ulilities 1.09 Ongoing pilot project
REdUClng VOItage from 120 tO Clatskanie PUD 1.4 Ongoing pilot project
Inland Power & Light 0.93 Ongoing pilot project
Reduces power consumed by E—— -
Seattle City Light 0.13 Discontinued program
Distribution Efficiency Initiative Mean of all values,
Market Progress Evaluation Repori, No. 1 Average 0.8 ue\'tiltlrllarlllﬁ.h;dw:ﬁrr:ﬁi:lues
propared by report #E05.139 used for ranges.

Global Energy Partners, LLC May 18, 2005

McGranaghan/Uluski —Smart Distribution Systems Workshop
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CVR Also Impacts Reactive Power

Real Power Comparison Reactive Power Comparison
a0 25
20
70 A 20
Oscillating . |, | 15
£ S0 &
Fan = 40 S b
30
20 5
10
0 0
100 105 110 115 120 125 100 105 110 115 120 125
Valts Vaolts

Effect of CVR on kVAR is more
significant than on kW

kW CVRf = 0.7
Utility kVAR CVRf = 3.0

kvar CVRf
— = [ D
[=]

OVERALL kvar CVRf

Distribution Efficiency Initiative
kvar CVR factor Results by Utility Northwest Energy Efficiency Alliance
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Emerging Load Characteristics

O Characteristics of some emerging load characteristics don’t favor CVR

O Need better understanding of “up and coming” appliances to
determine if CVR will provide lasting effects

Incandescent Light Bulb (70W) Television (Cathode Ray Tube)
Real Power Comparison Real Power Comparison
&0 &0
5 50 — ASDES
70 40 <W
8 2
3 &5 & 30
= w | J—- ¥} = — P
20
. ] * Pm * Pm
- 10
%0 | o
e 100 105 110 115 120 125
volts Volts
Compact Fluorescent Light (CFL) 13W Plasma TV
Real Power Comparison Real Power Comparison

14 478
L]
12 476 & [
10 a74 -_‘*A'.\
F-J 8
4 & an *
z —re = 0y tag pe
i 470 73
+ Pm \‘ * Pm
3 468 \¢.
[ 466
= 100 105 110 115 10 115
Volts
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Not All Good News About CVR Impact?

O Inverter based loads may exhibit
behavior

Voltage reduced

Power ( = voltage x current) stays the same
Current flow increases

Electrical losses (I12R) increase
O Some new loads have fixed current I|m|ts

Start off as constant power 15
As V is reduced, | increases 14 /M -
When current reaches max, S 14 ot
revert to g s
behavior g+

105 110 115 120 125 130
Voltage (volts-rms)
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Conclusion about CVR

Need to understand the behavior of major
electrical devices (including
conventional and up and coming
devices) when voltage is reduced

EPRI Supplemental Project ““Load Modeling for Voltage
Optimization® is exploring key issues pertaining to CVR

McGranaghan/Uluski —Smart Distribution Systems Workshop
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O Substation Remote Terminal Unit
RUIG Based VVC o VVO/CVR processor

System Components o switched Cap banks & local

measurement facilities

o Voltage regulators (LTCs) & local
measurement facilities

o Communication facilities
O End of line voltage feedback

s
.,..
v v
VVO/CVR el v, T,
A FRE N e,
.
Processor Y %% e T,
. . R .,
. S . .
|| * 0. .. ..
LTC ] ‘0 . .'0 ..'
Controll . S .,
ontroller * L 4 'y
Y . . Y
RTU . . IS
* . ) v,
LTC - IS . .
. . ‘% .,
. S ‘% o
o . s L 4 Y
* . L4 ¥
S . L
* 7S .Q v
. IS 0 4,
* ~

T T T

Voltage
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Part 1. VAR Control (Power Factor Correction)

Voltage Profile

VVO/CVR
Processor

LTC
Controller

LTC

124

122

120

118

116

\
\X

PF = .946
Losses = 96 kW

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Part 1: VAR Control

Sample Rules:
1. Identify “candidate” cap banks for switching

o Cap bank “I” is currently “off”

 Rating of cap bank “i” is less than
VVO/CVR measured reactive power flow at head end
Processor of the feeder
R[S ! 2. Choose the “candidate” cap bank that has the
Gn::g" RTU lowest measured local voltage
3. Switch the chosen cap bank to the “ON” position

Jy

P = 3846 kW
Q = 1318 kVAR 1

PF = 946 T T T™

Losses = 96 kW
McGranaghan/Uluski —Smart Distribution Systems Workshop
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Voltage Profile

124 \
122 \ ——

VVO/CVR = 120 X

Processor \
118
|
LTC

Controller 116

LTC RTU Y 0.25 0.5 0.75 1

P = 3846 kW
Q = 1318 kVAR

PF = 946 T

Losses = 96 kW
McGranaghan/Uluski —Smart Distribution Systems Workshop
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Voltage Profile

124 \
122
VVO/CVR | 1?0 —~——
Processor e -l \
118 =
| p = = = -
LTC -
Controller 116 T ‘ ‘ ‘
LTC RTU 0 0.25 0.5 0.75 1
I

P = 3880 kW 4
Q = 920 kVAR ¥

Chosen
cap bank

PF = 9731 T
Losses = 91 kW +
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Voltage Profile

124

122

VVO/CVR | *°

Processor
118
|
LTC
Controller 116 T ‘ ‘ ‘
LTC RTU Y 0.25 0.5 0.75 1
|

P = 3920 kw 4
Q = 687 KVAR ¥

PF =.985%
Losses = 89 kW +
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Voltage Profile

124 <

$a
\
" - -
122 .n Q...
~
~

.~~.“~._.:---.--._K
VVO/CVR | e ..--"":_.x
Processor Tte. L Cee LT
118 R
| - .
LTC

Controller 116 T ‘ ‘ ‘

LTC RTU 0 0.25 0.5 0.75 1
I

P = 3940 kw 4
Q =532 kVAR ¥

PF=.9911%
Losses = 88 kW +
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Voltage Profile Before and After

- \
122 N

VVO/CVR | *°

Processor
118
|
LTC
Controller 116 T ‘ ‘ ‘
LTC RTU 0 0.25 0.5 0.75 1
|

P = 3940 kW #
Q =532 kVAR ¥

PF = 9914 T T T

Losses = 88 kW ¥
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Part 2: Voltage Control (CVR)

Sample rule for voltage
reduction:

1. If voltage at head end of
the feeder exceeds LTC

VVO/CVR setpoint, then lower the
Processor voltage
i
LTC ZEIE:
Controller

T T 7

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Voltage Profile

124
—
122 \
VVO/CVR | 1?0
Processor
118
|
LTC
Controller 116 T ‘ ‘ ;
RTU Y 0.25 0.5 0.75 1
I

T T 7
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Voltage Profile

124

- -
—— -
-

122 -~ -
\ ------- .
VVO/CVR | 1% —~— L
Processor e ——
i o
LTC
Controller 116
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Q =508 kVAR ¥
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Voltage Profile

124
122 - .----'-.__
VVO/CVR | 120 o o— —
Processor 18 e —_
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LTC
Controller 116 T T ‘ ‘
RTU 0 0.25 0.5 0.75 1
LTc_l
_—gﬂ_ '
P = 3805 kW
AN Q =508 KVAR ¥ h
PF =.991+ T ™ T AL
Losses = 88 kW Feedback
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Voltage Profile

124
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- - -
-
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-._-
-

~--
-
--
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VVO/CVR | **° - . Tt e oL
Processor \ .... - .
118 -

[ =
LTC
Controller 116 ‘ ‘ ‘ ‘

Jy

-g*ﬂ— P=3778 kW ¥

Q =492 kVAR ¥

PF = 992 * rl\ fl\ fl\ End of Line

Voltage

Losses = 88 kW Feedback
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Voltage Profile Before and After

= \
122

VVO/CVR | **°
Processor \
118

[
LTC
Controller 116 ‘ ‘ ‘ ‘

LTC RTU 0 0.25 0.5 0.75 1

é*‘l P = -41 kW (1.05%)

Q =-809 kVAR (61%)

_ PF — +O45 fl\ fl\ fl\ End of Line

o3

|
Losses = -8% + ke

McGranaghan/Uluski —Smart Distribution Systems Workshop




7CIRED§ Frankfurt (Germany), 6-9 June 2011

DMS (Model Based) Volt-VAR Control and Optimization

O Develops and executes a
coordinated “optimal” switching
plan for all voltage and VAR
control devices

O DMS uses OLPF program to
determine what actions to take

o Two Variations of the Model
Driven Approach

= Voltage Reduction — DMS version of
Conservation Voltage Reduction

= Volt VAR Optimization (VVO) —
accomplishes one or more utility
specified “objective functions

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Volt-VAR Optimization

O

Develops and executes a
coordinated “optimal”
switching plan for all voltage
control devices to achieve
utility-specified objective
functions:

= Minimize energy consumption

= Minimize losses

= Minimize power demand

= Combination of the above

Can bias the results to
minimize tap changer
movement

= Reduce “wear and tear” on
the physical equipment

nnnnnnn

Distribution
System Model

e 2

On-Line Power Distribution
Flow (OLPF) SCADA

Substation RTU
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Growing Need for Dynamic Volt-Var Control
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Power Inverters — What Could They Do?
* Produce Intelligent Vars — varying with voltage, temperature, and

schedule

* Intelligently Employ Battery Storage — shifting to peak and
controlling ramp rates

 Manage Peak Power — reducing generation when voltage is high

* Respond dynamically to variations in voltage or frequency, for system
stabilization

* Provide voltage sag support — riding through events as configured
* Islanding — intentionally when desired, avoiding unintentional islanding

* Monitoring — power, energy, status, events

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Resulting Effect on Service Voltage

20% PV Penetration

Voltage * (pu)
=1
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—
@
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T
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o
1

Baseline — No PV

Ug T T T T T T T T T T
0 - 8 12 16 20
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Volt VAR Optimization — Next Steps
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/ Voltage and VAR Manages tap changer settings,
Communication Link Regul ation inverter and rotating machine
) ] VAR levels, and capacitors to
Coordination regulate voltage, reduce
A|gorithm losses, conserve energy, and
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Feeder Flow and Resource Control (DG+ES)

O Constant power flow or firming
up rate of change at PCC

= Eliminate adverse impact Time

= Reduce reserve capacity
requirement

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Together...Shaping the Future of
Electricity

McGranaghan/Uluski —Smart Distribution Systems Workshop
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Hydro-Québec Smart Grid

Christian Perreault and Georges Simard

Smart Distribution Systems
for a Low Carbon Energy Future Workshop

6 June 2011 7~ Hydro
Québec
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Outline

O Distribution System Roadmap
Smart Grid Framework
Smart Grid Project

O Smart Grid Zone
Description
Benefits
Technologies

O Smart Distribution Systems and GHG
O Conclusion

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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2010 World Benchmark and Smart Grid Drivers

... [Fuope Us  Canada_

Availability of energy X X X
Control of peak power X X X
Political targets for green energy X Ontario
(distributed generation) British
Columbia
- 1 } I
[ I
- ‘;3 S
- _
-
2 S
=
g -
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Snapshot of Hydro-Québec

0 Hydro-Québec is one of the largest power
generator in North America.

0 Hydro-Québec is among the largest power
transmission companies in North America.
(>16B$ in transmission assets)

0 Hydro-Québec is the largest electricity
company in Canada.

0 Hydro-Québec is the number one
hydroelectricity producer in the world.

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Comparison of Energy Options in North America

USA (2008) Canada (2007) Québec (2007)
4110 TWh 617 TWh 192 TWh

2% 1% 204 1% 2%

6% / 20% /5% \ '
0% 49% 1%
14%
22%
'I\% 59% 95%
: I Coal Qil Gas B Nuclear B Hydro Other**

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop




7CIRED§ Frankfurt (Germany), 6-9 June 2011
Breakdown of GHG in Québec in 2007

Electricity
1,2 %

Waste
5.5 %

Agriculture
7.3 %

Residential,

commercial and Transportation

Institutional \ 40,7 %
12,8 % |

Emission factor (tCO,e/GWh)

Quebec 2,04

Ontario 161,14

Alberta 886,83

British-Columbia 15,15

Industry
rce- rt d'inventaire nation ’ 32!4 of Sourge: Inventaire Québécois'des GES en 2007 et
Emironnement Canada 2030, e e o o oS
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2010 Quebec Context

© Energy © Priorities set out by
= Potential and available hydropower Hydro-Québec’'s CEO at
vs. fossil fuels the World E
= Relatively low cost of energy e vvor nergy
(6.88¢/kWh) Congress (September 12
= Robust distribution system :
o Electrically: Designed for electric to 16, 2010):
heating (more than 75% of = Renewable energy
residential customers) = Electric mobility

o Mechanically: Certain areas

strengthened following the 1998 = Interactive

transmission and

ice storm ansmis:
@ Customers distribution systems
= High level of customer satisfaction
(= 8/10) CME | WEC

= In Québec, the peak is associated
with electric heating in winter
(longer period, hours/days)
© Social context
© Regulatory context

ST
9
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HQD Orientations and Strategies Related to
the Smart Grid

@ Ensure the guality of customer services
Improve overall reliability of the distribution system

© Step up energy efficiency efforts
Save 11 TWh of energy in 2015
Promote efficient, sustainable use of electricity

© Meet electricity needs in a flexible manner
Manage electricity supplies optimally

@ Further enhance the division’s performance

Continue to improve efficiency
Focus on technological innovation

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Hydro-Québec Smart Grid Framework

TELECOMMUNICATION INFORMATION TECHNOLOGIES

Power line . . . .
System pe_rfqrman._:gf . Active customer participation
Reliability and quality of service l:apal:lty

T ——

Remote control of Predictive onitorng Optimization of voltage Two-way meters [Distributed generation
disconnect switches maintenance and reactive power (AN +  Met metering
(Intermittent metering + Microgeneration

» Electric vehicles {(W2G)

Protection threshold | Customer info portal
Automatic restoration Waveform analysis | control

It detecti - + Consumption
tfault type detection) Integration of generation forecast ILnad management
{wind, hydrokinetic, + Means to reduce X
Sensor data storage, etc. J"ﬂﬁﬂ MVILY cunsumpﬁu; - leect hn:d contral
. arme stora
Fault location {temperature, pressure, partial ar = Outages an

planned + Electric vehicle
discharges, voltage, current, etc.) Optimization of real-time interruptions charging infrastructure

operations

Optimal asset management

_ Growth, maintenance, renewal
Optimize power

Usa data from powear ystem dewices to battar respond at kower cost
system architecture Inesrporate smart grid lechiokogies when uparading and adding equipment

Optimize protection Remote ma_lintemanoe of Remote n}unitoring of
equipment equipment

SYNERGY OF TECHNOLOGIES

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop



7CIRED§ Frankfurt (Germany), 6-9 June 2011

Distribution Smart Grid Roadmap

2010
a Hrav-ishape Automatic
bw] analysis restoration
g o o w
m Remuoite control Fault 0
= distribution system location
= automation program Automathc G Solar concentrator
o= and underground disconnect
o system switches Wind-generated
4 [T
£ )
25
=
‘E B W]Imhﬁ%nmm
=
i o o o
Protection
threshald comtrol MV grid storage Dnme:tﬁ!rl: Ilmd
control
Hydraulic O Remote metar
,-E" CATVAR r?dllng ~Grid
R eployment 0
E‘ Storage for charging
o 0 infrastructure
= Hydrokinetic
2 enargy Q
=2 EV changing
E Infrastructure
w Preventive
= malntenance
E of automated

Net metering protection systems

O ptimal

real-time grid
management

e,

Ficwg
iy 'I'th-rml oGy

L -
Real-time monitorin,
Integrated equipment
efficlency management

et e,
- MIHFR"-STRUEH_HE

Active customer participation

Legend: O Year function andfortechnologies first introduced .

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Conventional Distribution System
S

T oF T

'

Grid performance limited by: Sictribution

Little real-time information Control Centre
. . (DCC)
High safety margins

| Customers

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop -
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Projects to Enhance System Performance AT

Raliability and quality of service

(Reliability and Quality of Service)

Residential

Reduce outage duration
Distribution system automation project
Sectionalizers (advanced protection)
Automatic restoration

Prevent outages

EREH I W
Lk Wy

Large-power

Fault location Distribution
Waveform analysis to enhance system performance Con?m' Cintfe
DCC

Maintain product quality
Voltage quality monitors
Probes and sensors | customers

1 Hydro-Québec

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop .
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Projects to Increase Power Line Capacity

¥
¥

44—

1
]

—_
-

Optimize power flow and system efficiency

Residential

— Voltage regulation and reactive power control (CATVAR),
including the installation of 1,000 Mvar of capacitors

Locally accessible energy
— Distributed generation
Distribution connected to the medium-voltage grid

— Medium-voltage (MV) storage
Control Centre
(DCC)

4 |

Customers

1 Hydro-Québec

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Projects Involving Active Customer Participation

B

el

-— -
-

=

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Smart Grid

Large-power

Distribution system integrating sensor technologies,
communications and data processing to achieve our e, _
objectives at the lowest possible cost. ” | AN

Comercial
(D|:C '

Customers
15

=

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Major Challenges in Smart Grid Implementation

TELECOMMUNICATIONS INFORMATION TECHNOLOGY

— 1. Telecommunications infrastructure

—2. Information technology

Smart grid ""

— 3. Standardization in the field

L_ 4. Management of equipment-grid interaction

SYNERGY OF TECHNOLOGIES

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Approach to Validating Technology

Labs SGZ
Testing facilities Test lines Smart grid zone
(IREQ) {Boucherville)

Paits Marra-Beucner
- 110 MWA, 450 G
== - 12 ligrmn 25 KW

= -131500elmnt

Why Plerre-Boucher substation?
Lines with typical grid equipment Typical substation near IREQ

Site for concept Site for establishing proof of
development:
Algorithm testing guipement testing
simulation Interoperability testing
rial data Equipment certification testi

Data quali

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Hydro-Québec Smart Grid Zone

o o e —
ﬂ - Im] | “Terrebonne =" Lachenaie
I + _J:-@ !:_ Y Saint-Chares-sur-Richelis
_._ﬂ Blainville E{:'rﬂ-—gl&éi-—Filiﬂﬂ m m Varennes Saint-Marc-sur-Richealieu
: Lorraine h La Pi
| Bainte-Thérése. Rosemére Riviere'des Muantreal-Est
Sugusti o fle & A Praines
Boisbriand ] 3”5 i el .F-.njnu
ey @ - Montréal- Nn-rd o Bouw Ile Sainte-Julie m e
: Salnt Léonard hy = e Demaine-du.
UBint-Eustache _ Laual ¥ o Ay B Belosil
m E homt-s4
C-jux-Montagnes (13| t} m LﬂnQﬁEuil : i _ Otterburn Bird S
AN e ;::;.;'i}emum Saﬂt-srunu-de-lmntamlle Park
- aint-Laurent el Saint-Jean-k
Roxboro o 2iNt-Lau Montréal Lahayn ;—‘t@'.j'
d : J
@l| Dollard- dea—Drmeaux _'3@ We&tmﬂunt “Saint-Lambert Saint-Hubert
d?ﬁ Piemefonds .1."-’- {';_" Gﬁte—Salm Luc '_ ;-'_-: ¥ m'—‘——:- e &
P Kirkland —=Dorvale|popio. =©  \erdun Brossard. Chamors - Richeieu
=nneville Pointe-Claire asalle i : Marieville
e . Beaconsfiekd Fleuve St . .
cllevue 110 kim | Faurent -} Praine LCErgnan . .
el gt | @2010 Google - Données car?agrtaepﬁgtuheesn &DTD GEE Conditions o LJTI|ISEILIEE|_SI naler un rn:ut:uIE:mE | }
oamrdias o x| B
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Hydro-Québec Smart Grid Zone

W 2N\ > 1lsubstation

> 12 feeders
»most sections overhead
»averaging 10 km

» Consumption
»110 MW (peak)
»450 GWh (annual)

» 13 500 clients, mixed load
»Residential
»Commercial
» Industrial

>»Not a preliminary test lab

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop w0
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Smart Grid Zone Technologies

2010 :
. o | Optimal
ol o | Automatic real-time gﬂd
= o Automatic \ restoration \ o confi gu-
= Fault location disconnect switches - ration
= Remote control Solar concentrator
o distribution system \
"'n:_ automation \ o
] d \
o 5 undg:;?:;znmda:;stem \ Valt/VAR optimization
= \
1)
o)
i
=
(¥
"y
o -_‘3'0,,9
o ; 4_;"'.-'.9’“. T
Catvar . Load control — E:ffi!'-.ror_ OGiEs
=
5
o @
e Storage for plug-ins .
g— terminals -.‘?EEC
L o : OMML.-M,
= Remote meter reading — SATroNs |
i) Urban area pilot —INFRASTRUCTURE
o +5GZ
ni
E EV pl in ch i
plug-in charging
E . infrastructure
p S
— Met metering

Active customer participation Asset management

Legend: . Deploymeant O Demonstration
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Smart Grid Zone Technologies

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Smart Grid Zone — Future Development

O Automatic reconfiguration
O Energy Storage

Substation
Storage for plug-in terminals

O Vehicle to grid

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Benefits of the Smart Grid Zone

O EXpertise
Smart grid technologies
Monitoring, information and control, with telecom and centralized control
Integration with existing systems

Multiple Smart Grid applications operating in parallel

O Risk management
Lessons learned resulting from testing of new applications
Identify potential problems before large scale deployment

O Energy Conservation
Quantification of the reduction in energy consumption

O Greenhouse gas reduction
Detailed GHG reduction analysis for the Clean Energy Fund component

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop =
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Smart Distribution Systems and GHG

O 4 smart rid projects that reduced GHG
CATVAR (Volt and Var optimization)

EV Charging station
AMI

Renewable Energy Integration

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop =
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CATVAR (Volt and Var Optimization)

Outline :
- CATVAR is under development since 2006 in the smart zone

- Voltage monitoring stations and remote controlled capacitors banks
has been installed

- VVC functions are integrated into the DMS and the system has been
In operation since November 2008

- Energy saving has been confirmed (CVR = 0,4)

ODbjectives :
O Advanced Volt&Var Optimization (increased energy reduction)

O Var optimization with real time data exchange between Transmission
and Distribution systems (increased loss reduction)

O Integration of other voltages and currents measurements (better
precision leads to an increased energy reduction)

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop =
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CATVAR - Deployment Between 2010 to 2015
Deployment in numbers

- 130 Substations

-~ 2000 Medium voltage feeders

- 1000 Remote voltage monitoring stations
- 800 Remote controlled capacitors banks
- 200 M$ in investments

And the benefits will be...

- 2.0 TWh in annual energy saving (1,7%)
- Equivalent of 1,7% reduction of CO, emissions

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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CATVAR (VVO) - Description

Distribution Control Center

Logic Control
and
Software

Pierre-Boucher Substation

3 Capacitors banks

(1,2 MVARS each)
7N

6R L202 L205
emote L201 | Z1HBC 204 | Z1GOY L207| L209

e e gy | g

PY vy oY

27
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GHG Reduction with CATVAR

In Canada (projection)

New Brunswick Others: 31 ktCO,e/yr
76 ktCO,e/yr (Québec: 4 ktCO,e/yr)

Nova Scotia
115 ktCO,e/yr

Saskatchewan

Total Canada: 186 ktCO,e/yr —

1 365 ktCO.,e/yr
(or 400 000 cars)

Note: Based on a 3,4 tCO2e per vehicle emission ratio
from the Energy Efficiency Office of Natural Resources
Canada

Note: calculation based on emission factors taken from
the Rapport d'inventaire national 2008 by Environment
Canada, of a reduction in consumption of 1,7% applied
to 2/3 of electricity consumption per province.

28
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GHG Reduction with CATVAR

International (projection)

Québec |4
Canada N§1 365
England 2443
Australia 2777
Japan |6 221

United States NN 33 572
China | 37 150

GHG reductions (ktCO,e/yr)

Breakdown of GHG reductions associated with
Implementing CATVAR on an international scale

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Electric Vehicle Charging Stations

© Charging station infrastructure
(test phase)

Our goal is to master charging
station technology and agree on
how such stations are to be
integrated into the power
system.

© Approach: Target for late 2012

In the Boucherville smart grid
project zone, deployment of 75
charging stations for the
Mitsubishi iMiev.

In Communauto parking lots,
installation of 50 charging
stations for the Nissan Leaf.

30

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop




7CIRED§ Frankfurt (Germany), 6-9 June 2011

Electric Vehicle Charging Stations Infrastructure

Public Installation Residential Installation Commercial Installation
(Boucherville Town Hall)

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop *
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GHG Reduction with EV Charging Station

O The implantation of electric charging stations in

Quebec will rise consumption by 750 GWh, but leading

to an overall reduction of 1 020 ktCO,e in GHG In
2020.

O By applying this measure to Canadian electricity
enterprises, GHG emissions can be appreciably
reduced in Canada and limit GHG emissions from the
transportation sector.

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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GHG Reduction with EV charging station

In Canada (projection)
Alberta

177 ktCO,
e/yr

Ontario
1 409
ktCO,e/yr

Total Canada:
3 729 ktCO,e/yr

(or 1,1 million fossil

New | fuel cars off the road)

Brunswick

Note: calculation based on emission factors
69 taken from the National inventory report 2008
by Environment Canada, of vehicule fleet from
ktCC)Ze/yr OEE Natural Resources Canada, i-Miev electric

H consumption and of a fleet switch of 6,8%
N ova SCOtI a 7 1 applied per province from the Quebec Action
49 Plan 2011-2020.
ktCO e/yr ktCOze/yr
2
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GHG Reduction with EV charging station

International (projection)

Quebec i 1,020
Canada I 3,729
England M 4,306
Australia B1,154
Japan I 11,454
United.. I 27,944
China I 16,495

GHG reductions (ktCO,e/yr)

Breakdown of GHG reductions associated with Electric Vehicle Charging Stations
Implementing on an international scale

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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AMI and Demand Response

Home Automation Metering and communications infrastructure
Customer

services

4 Retail Network (HAN) Meter and event data management MDMS
market and its applications MDUS

Advanced Metering Infrastructure (AMI)

b
%
\ ‘
\
X
b\

LN

A

Business Process Platform

Customer  Control Smart Concentrator AMI Metering Commercial Portal,
appliances equipment meters head data and technical CTI, IVR,
\ end management applicatiory Call centre
Scope of demand Scope of AMI
response (DR) project

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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Renewable Energy Integration

© Smart Grid for DG
Integration

© Monitoring: smart meter
for profiling and
forecasting of renewable
energy production

© Protection: smart grid
based protection
strategies

Example of PV concentrator

© Control: eventually
| nteg rat_e ) DG _I nto D M S ﬁtct):r/(ﬁvwwel ectron-economy.org/article-13200027.html
for participation in Smart
Grid applications

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop %




7CIRED§ Frankfurt (Germany), 6-9 June 2011

Energy Gain

Measures Energy Gain Sources
| - CATVAR 1,7 % Hydro-Québec. Measured data from
CATVAR pilot test
Il — EV charging - 0,65 %1 Hydro-Québec. 6,8% of EV on total
stations fleet
11 — AMI 3 % U.S. Department of Energy, 2010.

The Smart Grid : An estimation of
the energy and CO2 benefits

IV — Renewable 5% U.S. Department of Energy 2010.
Energy (Solar) The Smart Grid : An estimation of
the energy and CO2 benefits

1 Based on a target of 6,8% of electric vehicle on total fleet . For Québec, 300 000 fleet of i-Miev in 2020, the energy
consumption is evaluated at 750 GWh on a total 116 000 GWh distributed : 0,65 %

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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GHG Methodologies Selection

| - CATVAR : World Resource Institute, «Guidelines for
Quantifying GHG Reductions from Grid-Connected Electricity
Projects»

1l - Electric vehicle charging stations : CDM AMS-
I11.C. « Emission reductions by electric and hybrid vehicles »

111 - AMI : CDM AMS- 11.E. « Energy efficiency and fuel
switching measures for buildings »

1V — Renewable Energy . CDM AMS- I.F. « Renewable
electricity generation for captive use and mini-grid »

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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Conclusions

O Smart Zone applications are selected to meet Hydro-Québec's
business objectives:
Distribution System Performance (Reliability and Power Quality)
Power Line Capacity and system efficiency
Active Customer Participation
Asset management optimization

O Smart grid Zone benefits and expectations
Validation of technologies
Integration of multiple smart grid applications
Evaluation of IT and Telecom infrastructure
Quantification of benefits related to business drivers

O Smart Grid projects can reduced significantly GHG

o Standard GHG measuring methods are being developed and
Hydro-Québec is using them to evaluate the GHG benefits

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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Annex 1
GHG AND CARBON MARKET

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop 0
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VOLUNTARY AND REGULATORY CARBON MARKET

L

. T
’-.-’_, -
..
-
g
State and Regional Schemes Kyoto Protocol Members
MGGRA State-specific Scheme Annex | EU ETS
[ RGGI 7 \WCI| + State Scheme 0 Non-Annex | B NZ ETS
B WCl No Scheme Annex |, Economy CDM Registered
in Transition Project(s) Location
Source: UNFCCC, WCI, RGGI websites; created by Molly Peters-Stanley for
Ecosystem Marketplace and Bloomberg New Energy Finance, 2010
41
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International GHG emissions

2004

mai

s Po Paris,

Patrice MITRANO, Sciance

EMISSIONS DE CO2

= Guam (E.-LU.)
® Jles vierges [E.-U.)
= Nauru

% Palau

= Polynésie fr.
= Samoa (E.-U.)
4 Kiribati

o Nive

< Samoa Dece.

: 4 Tonga

g < Vanuatu

e

r* o

= Emissions CO2 2
v I: en tonnes métriques
/. | par habitant ?
298 £
f / 145
y & =
; 5,5
o 2,0

-

i

/ 0.0

Sources : www.worldbank.org et www.nationmaster.com l:l . )
d'aprés World Resources Institute. 2003. Carbon Emissions from Absence d'information
Energy Use and Cement Manufacturing, 1850 to 2000.
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Transactions volumes

Valeur des transactions d'actifs carbone en 2008 (Md€)

Marcheé carbone des .
pays de l'Annexe B 143 ;J;IEHELLE&—GEEEDE du Sud, Australie

MOC
200

Chicago Climate Exchange
210

RGGI 167

MDP
marche

=
e
A ﬂ secondaire Marcheés
E=- 17 868 volontaires 270
@
— N
S ™ MDP
= marché
o primaire
& £33

Marche européen
d'échange de quotas
de COz (EU ETS)

62 499

Source : Bangue Mondiale, State and Trends of the Carbon Markez 2009.
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QUEBEC AND CANADA GHG REGULATION

Québec: Bill 42 (WCI)

O >10 000 t CO,e = GHG declaration/year
application: 2011

O >25 000 tCO,e = GHG compensation/year
application: 2012

O Penalty : 3 allowances (3 tCO,e) per exceeding
tCO.e over

O quotas if not compensate during the compliance
period

O 3 compliance period (2012 to 2020)

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop 44
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QUEBEC AND CANADA GHG REGULATION

Québec: Bill 42 (WCI)

O Offsets can be generated by three types of
Industries under the WCI GHG threshold and
exchanged to big emitters : Forestry, Agriculture
and Waste management

Canada: CEPA1, article 71, paragraph 46
O > 50 000 t CO,e = GHG declaration
O Cap and Trade program - Standby

1 Canadian Environmental Protection Act

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop *
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GHG QUANTIFICATION
1ISO 14064-2:2006 Guidelines

GHG emissions reductions project
EmissionReduction ., = EMISSIONSg,¢¢jine - EMISSIONSp e+

GHG Quantification Methodologies
- Clean Development Mechanism (CDM)

- World Resource Institute, «Guidelines for Quantifying GHG
Reductions from Grid-Connected Electricity Projects»

For more details on the methodologies, see Annex

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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Annex 2
GHG Methodologies

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop
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GHG methodologies selection

| - CATVAR : World Resource Institute, «Guidelines for
Quantifying GHG Reductions from Grid-Connected Electricity
Projects»

1l - Electric vehicle charging stations : CDM AMS-
I11.C. « Emission reductions by electric and hybrid vehicles »

111 - AMI : CDM AMS- 11.E. « Energy efficiency and fuel
switching measures for buildings »

1V — Renewable Energy - CDM AMS- I.F. « Renewable
electricity generation for captive use and mini-grid »

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop 48
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CATVAR (VVO)
RE, = FE¢y, ,* GEN

FEco,y Emission factor for electricity generation , 2,04 tCO,e/GWh
for Quebec (Environnement Canada, 2010)

GEN Total energy economy by CATAVAR (GWh) for the project

project

proj,t
period (1);
S
_ t
GEN project 1— L
S; Energy economy (GWh) for the project period (t);
L Fraction of energy lost by the transportation grid : 5,2%

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop *
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Electric Vehicle Charging Stations
REy = Ebaseline —-E
E — ka * C * |:EFueI

Dim km per electric vehicle of the project

Cvenicule FU€l consumption per km for fuel vehicle switched by an electric
vehicle; litres/km

FEr,ey GHG emission factor for fuel consumption; tCO.,e/liter

PI'OjeCt QEIectr|C|ty * |:EEIectrcny * (1+TDL)

Qelectricity EI€CEricity consumption for the electric vehicle of the project;
GWh

FEg ectricity EMIission factor for electricity generation , 2.04 tCO,e/GWh for
Quebec (Environnement Canada, 2010)

TDL Fraction of energy lost by the transportation grid : 5.2%

project

Baseline Vehicule

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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AMI

REy = (QSREIectricity o QPEIectricity)* |:ECOZ,y * (1+TDL)

RE,, Emission reduction of the project (t CO,e);
QsRreElectricity Electricity consumption without the implementation of
AMI (GWh);

QpElectricity Electricity consumption with the implementation of AMI
(GWh);

FEcoo,y Emission factor for electricity generation , 2,04
tCO,e/GWh for Quebec (Environnement Canada, 2010)

TDL Fraction of energy lost by the transportation grid : 5,2%

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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Renewable Energy
RE, = BE, - PE,
BE, = EGg, , * FEco,, * (1+TDL)

BE, Baseline GHG emissions (t CO.e);
EGg , Net electricity displaced by the project (GWh);

FEcop,y Emission factor for electricity generation , 2.04 tCO,e/GWh for
Quebec (Environnement Canada, 2010)

TDL Fraction of energy lost by the transportation grid : 5.2%

PE, Project GHG emissions, 0 tCO,e for renewable energy; CDM
methodology.

Hydro-Québec Smart Grid — Smart Distribution Systems Workshop >
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smarter
Contents gI'lQsolutions

* Introduction to Active Network Management (ANM)
 Opportunities Provided by ANM

e Challenges to ANM deployment

e Simple ANM Example

e Case Studies:
— The Orkney Project
— Shetland Project
— Low Carbon London
— Further reading

e Conclusions




Smarter Grid Solutions Ltd S'Bﬂger

e 20 staff plus supplementary resources

* Provide Active Network Management Solutions and
Consultancy Services

 Based in Glasgow, opened London office in 2011

* Working with transmission and distribution network
operators in the UK and mainland Europe

e “Best New Business” and “Best Renewable
Innovation” awards at the Scottish Green Energy
Awards, 2009

e www.smartergridsolutions.com

© 2011: Smarter Grid Solutions Ltd. (SC344695). All rights reserved.
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To transmission nefwork. ...
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Introduction to ANM Sl‘Bﬁr seo[frions

* No generally accepted definition

* Most in agreement as to

Active Network Management

characteristics of an active Dispstoh Potentaly, to-vay
n etWO rk Network reconfiguration ': ouncey T
""" Dyhamic constraints
. . Fault level management - l l ‘ T
— DG, renewables, monitoring, ver fow mansgoment vi
Comms an d Con trOl, Demand side management
Active voltage control
preventive and corrective
actions, flexible, adaptable, ©_| oy T —

autonomous? Intelligent?

Source: Ofgem

e Aspects of ANM in many
international programmes -

* CIGRE working Group C6.11

[EUROPEAN TECHNOLOGY PLATFORM FOR THE ELECTRICITY NETWORKS OF THE FUTURE




Opportunities Provided by ANM Sraﬂr S%[mons

Connect more to existing networks previously considered full
— Demand and generator connections
— Interruptible connections

* Increase utilization of assets

* Avoid/Defer network reinforcements
* Incremental developments

* Quicker and cheaper grid connections
* Flexibility in network operation

e Improved network performance




Challenges to ANM Deployment Sraﬁl’ gf’uﬂons

e Commercial rules and constraint management

 Network Operator resources

e Standards (ANM solutions, Security and Quality of Supply, etc)
e Communications

 New interruptible contracts

* Planning tools and satisfying customer concerns

— Including investors in new generation projects
e Cost-benefit analysis
e Triggers for reinforcement

e Lack of proven solutions and techniques




ANM Generator Example Sraﬁl’ g{uﬂons

No available capacity

0- 15 MVA W ' '

vas vas To rest of network....

3-12 MVA ."______
12 MVA

Bus 1 Bus 2




ANM Generator Example sraﬁr SeoLﬂons

ANM Functions:
Power Flow Management
Voltage Management

Balancing
Sioliee Scheduling
Real-Time Ratings
0-15 MVA
12 MVA

s To rest of network. ...
3-12 MVA 12 MVA

>
0-? MVA

Bus 2

ANM Controller N SCADA/EMS/DMS

Substation or Control Room




. . smarter
Generation Curtailment griQsolutions

Example of curtailment studies results:
250

* Wind farm connection

200 -

 Curtailment is energy (MWh) lost due

to ANM regulating wind farm outputto £ ;.
meet network constraints z
£
T 100 -
* Curtailment increases exponentially £
with wind farm capacity 50 /

* Each line represents a different level of )
access in terms of MVA network capacity NS 6 Ao A O A D P DD
that can be accessed RNFG connected (MW)




ioh-_ ' smarger
High-Level Constraint Management gridsoiion:

|ldentify Generators

Offline (studies, scenarios)

Online (cost/technical best)
Principles of Access
Constraints

LIFO, shared, cheapest,
What? Where? largest, smallest, etc. \
Offline / Real-time Commercial Input

Forecasting Regulation, rules, law, license
\ obligations, connection
agreements
v

ANM Scheme
Preventive limits
Corrective limits

Real-time constraints Issue Constraint Signals

Comms monitoring To one or more generators v
ANM Algorithms Monitor generator compliance \ Resolve Payments

Operating concerns

Monitor effectiveness of constraints Constraints, services




Assessing Constrained Connections sraﬁr SeO[JﬂonS

How can interruptible connections be considered?
— Multiple generators? Individual generators?
— Multiple demand response providers? Or single providers?
— What are the utility business drivers?
— What can practically be achieved?
— Principles of Access to employ?

e Use load flow simulation tools?

* Consider other technologies? (e.g. storage)

e Consider alternative solutions? (e.g. conventional reinforcement)
* Probabilistic or time-series based on historic profile data?

* Provide results of simulations to potential customers?

* Perform studies periodically to ensure best decisions are being
taken and best information shared?




Distributed or Centralised ANM? Sraﬁl’ g[mons

Depends on site specific or utility specific factors
Centralised approach:

— Is all about communications
— Is appropriate where measurement and communication requirements/capabilities make it sensible
— Integrate with SCADA but not be dependent on the SCADA platform

Substation based approach:
— Leave existing systems to perform existing functions

— Integrate to permit appropriate level of oversight and control, without burdening the control room
personnel

— ANM represented as a virtual RTU

— In-house management of visualisation if desired
— Investment can be limited to problem areas

— Flexibility — quick install and quick decommission

Decision depends on communications, measurements and utility preference

Both approaches require new commercial arrangements with users of the network -
interruptible contracts




Universityof W
The Orkney Isles Strathclyde Sraﬂr SeOEJTiOﬂS

Glasgow _
* Scottish and Southern
c Energy plc

 Overcoming grid congestion using ANM technology

 Connecting <20 MW new renewable generation capacity to 33
kV grid previously considered to be full

e Operational since November 2009
* Distributed, real-time control system

e All analysis, consultancy, control system design and build,
support and warranty provided by SGS

e Cost around £500k, estimated savings £30million "3«@?

 DLR and RTR installed Feb 2011
* Platform for further smart grid developments




The Orkney Isles Stisde > QP10 o0

Glasgow _
"~ Scottish and Southern
( Energy plc

Solution deployed by SGS and SSE b |

I
B |
|

SSE Planners and Control Room involved
from beginning

NEW connections only

Multiple generators and constraints
Real time ANM

Nested control zones i X
Existing connections unaffected |
Last In First Out (LIFO) approach

© RONALDSAY

Alternative to reinforcement




Assessing Connections to g"“’""“i;’f smarter
Orkney Glt;fg'i,wdyde griQsolutions
"~ Scottish and Southern
( Energy plc

e ‘Last In First Off’ Principles of Access
e Generator Curtailment Analysis Tool — GenCAT
e Historic %2 hourly profiles OR probabilistic

e Simple spreadsheet based analysis or making use of load flow
simulation, e.g. PSSE

e LIFO allows connection priority (perceived rights) to be
maintained

e Results of curtailment modeling provided to generators to
allow each developer to consider economics of connection




ANM Deployment on &S SMArter
Strathclyde g I

Orkn ey Glasgow

"~ Scottish and Southern
( Energy plc
* 10 MW of new renewable generators connected (18 MW by end of 2011)

* Over 5,000 tonnes of CO2 saved to date

SGcore1 SGcore2 Power Station Device
| =
’iﬁ ] | |ii |
SGCommsHub1 8GCommsHub2
09
i i 088
“ i l i 088 0.8pu set-point
Iy issued
0.84
0.82
5 W\ 0.77pu set-point 0.87p! /
2 08 issued issued
% 0.73pu set-point
5078 | issued
g
| 0.76
R mE | W
i | | ! ; V‘NT
e = 11 fize S - R s [ e <
] G e i e f 0.8pu set
: i%@ﬂiiﬂaiﬂi MNkwTl ] |
- NNFG f,,H,,NNE@Z,L,NN,EG@JL,NNEG‘!J




Orkney Capacity Constraints gz & Sraﬁl' Seo{uﬁons

Glasgow _
"~ Scottish and Southern
( Energy plc

EamTiars 10

A

Zone 1A Boundary

Location
o nousar [P p—
B }
westmr| [ o £ i
[P
S S| S cancwr
Sh wa ] - d "
e G2 PR i 2 Spuress £
1 En —I o s ‘-l.’
3 i
=1 = |
. H w) | |
tion | ) / !
Zone 1 Boundary Locatiol ! o / - Zone 2A Boundary
/ " -
- Location
o

Core Zone Boundary
Location

Zone 2 Boundary Location

) Zone 4 Boundary Location
Tt A0 38 e
sty

Zone 3 Boundary Location




Going Further on Orkney in 2011  smarter
and beyond griQsolutions

" Scottish and Southern
( Energy plc

 Deployment of:
— Further renewable generator connections
— Dynamic Line ratings
— Real-time ratings
— Algorithms implemented in Real-Time Java

* Assessments underway for:
— State estimation
— Voltage management
— Energy Storage
— Integrating distribution automation with ANM




Dynamic Line Ratings Deployed  smarter
on Orkney in Q1 2011 griQsolutions

"~ Scottish and Southern
( Energy plc

* |ncreased utilisation of overhead
circuits

* Increased line ratings coinciding
with high wind generation output

Dynamic Rating

Duration Curve

=70% 100%

Time %




Real Time Ratings i
(‘* Eﬁnmsh and Southern smdarier

Deployed on Orkney
in Q12011

l .
. grl solutions

,* | Calculate span
= s ratin
:; v 4 =
A
RTR l
" Calculate circuit Tempetature
. .
\\ ratng measurament
\r\-“i Ay
i
L - -
e Y Meteorological
J:[ y g
A\I—A\ M i'" d E station
T

DLR: Conductor temperature measurements - precise but expensive

Radio / GPRS
transmitter

nth span

RTR: Meteorological parameter measurements - less accurate but more cost effective




Lessons Learned from ¢ etishandsouthen SMANTEN
Orkney griQsolutions

e Start simple and build

* Lots of simple things can become very complicated

 Alot can be done with existing technologies

 Network planning and operation need to be brought closer together
 Network operators need to know what “goes on” inside boxes

 Network planners need to understand long-term implications and evolution
e« Commercial arrangements are complex

e Support and warranty are crucial

 Timescales vary (impacts on nature of solution)

 Generator developers are good at understanding and accommodating risk

 ANM service providers need to identify and demonstrate value




Client Feedback € Samenandsouthern SMQITEr

: |
nergy plc grl solutions

Colin Hood, Chief Operating Officer at SSE:

“Smart Grid technology has the potential to significantly improve
the efficiency of the electricity distribution and transmission
network in the UK. This deployment provides a blueprint for how
Smart Grids can be used to connect high penetrations of
renewable generation in a cost effective way and resolve grid
congestion as a result.

“The connection of similar levels of renewable generation on
Orkney by the conventional means of network reinforcement
would have cost around £30 million. The total cost of developing
and delivering this innovative solution has been substantially less
than this and taken far less time.”




Shetland Smart Grid €

£45million pound project

Islanded network

Demand of 14 - 48 MW

Existing generation portfolio
— Gas
— Diesel (owned and operated by SSE)
—  Wind
Planning for replacement power station
— What should it look like?
— How small can it be?
— How will it be used?
System stability preventing the

connection of further renewable
generators

Scottish and Southern SIM () ge r
gri

Ener lc )
e solutions
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Shetland Smart Grid C Eﬁztglsﬁ’hﬁgdswmemsraﬂr seoLﬂons

Coordinated Smart Grid Deployment Activities 2011-2012: \‘/
 Heat Storage (Shetland Heat and Power — SHEAP) T

- District heating scheme
- New 4 MW frequency responsive boiler (130 MWh of thermal storage)

—  Analogue control via droop curve

e Electrical Storage
- 1 MW NaS battery being deployed mid 2011

e Demand Side Management @)

—  DSMin 1000 homes (Approx. 10% of all homes on Shetland) GLEN DIMPLEX
HOME APPLIANCES

- Frequency responsive demand: Analogue droop control via droop curves

- Electrical heating loads — space and water heating

e New Renewable Generators University of

G
Strathclyde
Glasgow

- Multiple small wind turbines
- Large wind farm

e ANM scheme at the heart of future system operation

- Provide automatic control of multiple resources

- Scheduling, stability, power flow and voltage constraints




Shetland Smart Grid C Eﬁgt%hpalgdsmhemsraﬁr seo{u’rions

The Shetland Smart Grid will operate at a number of coordinated levels:

SYSTEM LEVEL
REQUIREMENTS & CONSTRAINTS
e.g. system balancing, frequency stability

LOCAL NETWORK
REQUIREMENTS & CONSTRAINTS
e.g. power flow, voltage

END USER
REQUIREMENTS & CONSTRAINTS
e.g. comfort levels, energy transfer




Shetland Smart Grid C Eﬁgﬁhﬁgdswmemsraﬁr guﬂons

 ANM at the heart of performing network management functions and ensuring needs
of customers are incorporated into design and operation

 Interdependent requirements and constraints resolved by the ANM scheme by
exploiting flexibility, controllability and backup options

For example
* Thermal energy storage in end user devices
e Variable frequency response characteristics

e Activation of alternative supplies when necessary




Shetland Smart Grid C Eﬁgt:élshfhﬁgdswmemsraﬁr seolru‘rions

A

Power ii"'i

Time

@ Power setpoint defined in day ahead schedules or updated in real time

. Energy transfer over the period satisfies user’s requirements or contract

Device range limited according to prevailing constraints (system and local)




K == smarijer
Low Carbon London Power@ grch

Networks

A smarter electricity
network to manage the
demands of a low
carbon economy and
deliver reliable,
‘decarbonised’ and
affordable electricity to
customers




UK smarier
Low Carbon London mﬁ@ gridsolutions

e f24million award from Regulator (competitive bidding)
e SGS consultancy support to scope and prepare bid for funding

e SGS providing ANM solutions to deliver learning on:

— Overcoming network constraints that prevent the connection and
operation of DG in a heavily loaded urban network using ANM

— Deploying ANM to reduce network loading where constraints are
being driven by rising demand

 ANM will be regulating DG units and possibly EVs.

e 5 ANM Deployments, <50 DG units and <25 network
constraints in total




smarjer

Low Carbon London Partners gridsolutions
roer — D
Power
Networks
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Low Carbon London  power smarfer

Networks gI'lQsolutions
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Low Carbon London  Power smarfer

Networks gI'lQsolutions

Trial new low carbon technologies and commercial tariffs to see how they impact consumers’ energy demand behaviour

Low Carbon London
Learning Centre

Proven new network UK Power Networks
planning and operation embraces new ways of
tools for a future designing and operating a
low carbon economy smarter electricity network

National blueprint for a smarter future electricity
network to enable a low carbon economy




Low Carbon London smarter
— Electric Vehicles Elggvegrks gridsoluiions

Phased installation of 1,300 public charge points.

Tip: Click and drag the map to find more charge pomts

Residential streets
and

Off-street locations:
- supermarkets
- public car parks
- shopping and leisure
centres

[ﬂ’w}) source

LONDON




Low Carbon London @ smarter
— Smart Meters i gridsoluiions

Green Enterprise District

C h a I I e n ge . London Thames Gateway Development Corporation: Key Projects
Government wants a smart meter OWERLEAVALEY e e b

rollout to all UK homes and most SMEs - 3
by 2020 N

UK Power Networks’ response:
Install smart meters in 5,000 homes
across London’s 10 Low Carbon Zones
and the Green Enterprise District to
understand how smart meters can
impact customers’ energy demand.

Use smart meter data to inform
smarter network operating techniques

The learning:

How smart meters can encourage
energy efficiency and improve how we
manage the electricity network




Low Carbon London ——
power — ) Srgplr er

— Learning Lab Networks

Imperial College
London




Further Reading Sraﬁl’ s%[mons

 CIGRE C6.11 Report on Active Distribution Networks
— Introduction to ANM
— Focus on deployment
— International review
— Case studies
— Provides state of the art

 The ANM Register: http://cimphony.org/anm
— Independent Reporting by University of Strathclyde

— International review (annual updates since 2007)
— Links/reports/contacts

e Search online for “Low Carbon Network Fund”




smarier
Summary JriQsolutions

* ANM emerging as an economic and technical solution to
connect distributed resources

e Applicable to generator and demand connections
e Canincorporate new technologies, e.g. storage and DLR

* 18 months operational experience on Orkney of first multiple
generator, multiple constraint ANM scheme

 Other major projects underway in the UK

 Other deployments imminent, further development work
ongoing

* CIGRE Working Group as a reference point for industry
* ANM is one important part of the overall Smart Grid vision




?CIREDi Frankfurt (Germany), 6-9 June 2011

Deployment of an advanced
Distribution Management System In
the french network

Sébastien GRENARD
EDF R&D (France)

Smart Distribution Systems
for a Low Carbon Energy Future Workshop

6 June 2011

€
* S €DF



7CIRED§ Frankfurt (Germany), 6-9 June 2011

Contents

O Overview of the network control structure In
France

O Existing FDIR functions
O Future DMS functions

O Roadmap of implementation

. o q
Sébastien GRENARD-Smart Distribution Systems Workshop * S €DF



7CIREDi Frankfurt (Germany), 6-9 June 2011

Why new automation functions are
needed for distribution networks ?

Distribution grids are facing new constraints

O Integration of Renewable Energy & Distributed Resources on the
networks

O Necessary improvement of grid performance (flexibility, QoS,
hosting capacity, costs)

O Ageing assets

Smarter Functions are needed :

v' Automatic Fault Detection Isolation and Recovery (FDIR)
v Full integration of distributed resources in DMS

. o q
Sébastien GRENARD-Smart Distribution Systems Workshop * S €DF



7CIREDi Frankfurt (Germany), 6-9 June 2011

Network control Structure in France

400kV 1 NCC (National Control Centre)

RTE (TSO)

225KkV & HV networks 8 RCCs (Regional Control Centres)

MV networks (10, 15

& 20 kV)

g
& =B
>’ @RDF

ELECTRICITE RESEAL DISTRI

30 DCCs (Distribution Control Centres)

Each serving >1 M Customers

ERDF (DSO)

2200 delivery point substations connected to the transmission grid
MV network:

596 200 km, overhead : 62 %, underground : 38 %

100 000 connection points (P, > 250 kVA)

727 000 MV / LV substations .
Sebastien GRENARD-Smart Distribution Systems Workshop ~ S EDF



7CIREDi Frankfurt (Germany), 6-9 June 2011

Automatic Fault
Detection, Isolation
and Recovery (FDIR):
functions implemented
In ERDF control
centers

. o q
Sébastien GRENARD-Smart Distribution Systems Workshop 3 S EDF
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Existing MV network control systems

Wéf' P

HV/MV
substation

(D
o

RTE

HV/MV
substation

RTE ERDF

ERDF control center tools.

In House developed (by EDF R&D & ERDF) to fully benefit from the
internal “network operation” expertise

Deeply interfaced with ERDF “proprietary” SCADA system
Sébastien GRENARD-Smart Distribution Systems Workshop ‘;‘QEDF
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lllustration of the existing FDIR functions

HV/MV
substation

RTE ERDF

éé

L§ 6 § ¢

Sebastien GRENARD-Smart Distribution Systems Workshop

68

RTE

€
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7CIRED§ Frankfurt (Germany), 6-9 June 2011
Fault diagnosis after fault occurrence

—~O))—

HV/MV LV
substation

RTE ERDF

Occurrence of a fault in the MV network: fault diagnosis with FONSYNT

S o q
Sébastien GRENARD-Smart Distribution Systems Workshop * S €DF
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Fault location and isolation in the network

(F

i
LV
4

EERE

C
HV/MV LV LV t LV LV LV % LV %
Load

substation

RTE ERDF

%
%

RTE

MV protection operation + Information from Fault Passage Indicators

(FPIs)—> Fault location and isolation by FONLOC

Sebastien GRENARD-Smart Distribution Systems Workshop

€
* S €DF



7CIRED; Frankfurt (Germany), 6-9 June 2011
Fault location and isolation in the network

i
LV
4

' > @

LV LV RV LV A4

E ¥ 5

HV/MV LV LV LV LV LVé LV é @
Load

substation
RTE

(F

RTE ERDF

MV protection operation + Information from Fault Passage Indicators
(FPIs)—> Fault location and isolation by FONLOC

. o q
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Power restoration through network reconfiguration

NS YN Lé IRy

RTE
RTE ERDF

MV network reconfiguration = Power restoration with FONREP

S o q
Sébastien GRENARD-Smart Distribution Systems Workshop * S €DF
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First Results of the FDIR implementation «'zeRor

Efficiency - performance (FDIR deployed in 80% of ERDF’ Control Centres)
= 90% of the MV Feeders faults are presently managed automatically

= N of average mean time for restoration : from 3 min (without FDIR) down to 1min30s
with FDIR

Security:

= No dangerous situation encountered until now
Acceptability:

= Wellaccepted by control center operators
Other outcomes:

= Improvement of telecontrol maintenance due to : Standardisation of Control Wiring,
SCADA configuration & related practices

= Focus on the necessary maintenance of FPIs
= Better quality of network description data
= Improved sustainability due to the choice of an open architecture

Early Communication on the project and
feeding motivation of end-users is key !

Sebastien GRENARD-Smart Distribution Systems Workshop
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Architecture of the control system

HV/MV
Sub. 1

Remote signals
rements Remote order

& measu

y

!

—————————
FDIR I
functions
FonSynt FonLoc FonRep Interface

]

|

HV/MV
Sub. 2

“Plug & Play” solution via SoftBus

Software Bus

Sebastien GRENARD-Smart Distribution Systems Workshop
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~ Future DMS
functions

1/ Full integration of
distributed resources in DMS

2/ Methodology for the
choice of functions

3/ Roadmap

o q
Sébastien GRENARD-Smart Distribution Systems Workshop 3 S EDF
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Impact of DG on the MV network

®» New constraints and opportunities:

m Development of DG in the french network (300MW of wind generation in 2005;
more than 5GW today, mainly connected to the MV network). The network was
not planned for bi-directional flows

HTA

. v

Tang T g ﬁ

Voltage

Vmax

Vmin

. o q
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Impact of DG on the MV network

®» New constraints and opportunities:

m Development of DG in the french network (300MW of wind generation in 2005;
more than 5GW today, mainly connected to the MV network). The network was
not planned for bi-directional flows Pq

‘. P
HTA y

Tang T g ﬁ

Voltage
- - ~
Vmax - L
- - = - -
-‘:____
b - - _
L - — -
Vmin X
~ Length

a Looking for improvement of grid performance (losses, CMLS)

m In the longer term: Use of Smart meters (Linky/ERDF)
Sébastien GRENARD-Smart Distribution Systems Workshop 3‘QEDF
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Active MV network: new automation functions

< wasl® :
O 0§80 gy
I

Tan ¢

Voltage

Vmax

Only voltage P
measuremen

Vmin

> Length

. o q
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Active MV network: new automation functions

< wesl® :
O 0 g3 gigg

Tan @ E E
Voltage
-
-— - ~
Vmax — -
- -

©- - -

Vmin R
"~ Length

1) Improve MV network observability - State Estimation

. o q
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Active MV network: new automation functions

Y”'ZGC@ y <
[ I I I

Vmin

> Length

1) Improve MV network observability - State Estimation
2) Voltage regulation function - VVC (Volt Var Control) function

. o q
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Active MV network: new automation functions

PG*

TN
T

MV

MV

[
- = -
- EEm =

Vmin

> Length

1) Improve MV network observability - State Estimation =l
2) Voltage regulation function - VVC (Volt Var Control) function m=m

3) Network reconfiguration in steady state for losses and flows mem
optimisation

. o q
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Control center tools with new functions

HV/MV
sub. 1

!

Remote signals
Remote orders

&m easulrem ents

sub. 2
e ——
“““l-l- l..l......
“““ O...’.
FDIR R New DMS functions *e,
functi ~ %,
L 4 .
FonR Interf . Network H
FonSyn FonLoc onRep nterface : econfiguration .
. ; .
I I I I " I :
* ’.
0”
*
. “““QQ
Software bus Traa.,, S wansetf

. o q
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Methodology for the choice of new DMS functions

1) Development of algorithms (with Matlab) —

= Case studies
= Fine tuning of the algorithm

2) Interactions with existing functions and automation
systems

3) Cost benefit analysis
= Define the value of the functions for which type of
network/configuration
= GoornoGo

_Distribution network
simulator
required

4) Integration with planning policies

5) Function implementation
= Coding the function for use in real-time
= Integration in the real time control tool

6) Field experiment

Sebastien GRENARD-Smart Distribution Systems Workshop
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Outlook to create an active network !

Voltage regulation
function

2013 2015 pevelopment on
DSE for \ } multi-criteria
Voltage amplitude 2014 reconfiguration
2012 functio

2%13

2011
Automatic
2})12
2010FPIR } on vo
Semi- % } Launching
. Development of D
206§|t:%r?tl 2011

2})10

2%09

Sébastien GRENARD-Smart Distribution Syste
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Sébastien GRENARD

EDF R&D (France) Thank you |

sebastien.grenard@edf.fr
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lllustration of the DSE function

HV/MV sub.
20kV

Q>
QO

&«
22

P,Q
A

Load model at
MV/LV substations

Real-time measurements

I:)istribution network

database .
Sébastien GRENARD-Smart Distribution Systems Workshop * S €DF
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Distribution State Estimation: First off-line field
experiment (paper 209)

> Off-line experiment on two MV feeders in the French Network (ERDF)
» Sensors installed in several secondary substations

P,Q, V sensors at the HV/MV substations and 7 sensors in MV/LV substations

Le 09402/2009 & 00:30, config 5

: ' ' —+— Chemin le plus lang
. ' ' 2 MNoeuds instrurmentés |1
2012 _ __________ _________ —+— Autres chemins [

201

2008
Subl

20.06

< Sub2 ,
Eé%% i 20.02 1 ! ’ ' ; 1
Sub 3 , : : : . . .
Sub 4 , : : : . . .
N0 ] | | | ] ] ]

]

2 4 5] a8 10 12 14
Distance au poste source (en km)

]
=
=
=

Madule de la tension % (en kY]

Sébastien GRENARD-Smart Distribution Systems Workshop -
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Voltage and reactive power optimal solutions

Objectives of Volt VAR Control optimal solutions :
= Maintain voltages within contractual limits
= Optimise other network parameters (losses, power factor at the HV/MV substation,

etc...)
Tan @=" /@/ vve /@/ Tan @="
MV ;"_J , : B MV
=5 A O B R o
N | |
LV | :
(4> . | LV
P ﬂ | (D
P +Q ﬂ _______________ 5 ek — PV
{ | NOP ’;\/:,
(SHcHp P 2Q

. . . q
First experiment scheduled with ERDF: %< eroF
s Change the voltage setting value at the MV busbar

Sebastien GRENARD-Smart Distribution Systems Workshop
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lllustration of the VVC results (in Matlab)

— Avant lancement de la fonction Yolt W Ar Control

106

1.04

Tenszion enp.u

095

094

# Yaleur cible de l'optimisation

Pertes en réseau HTA
+ pertes Joule transformateurs HTBHTA
+ Pertes Fer transformateurs HTABT
+ rs HTAEBT
HTA

‘ertes Fer fransformateurs
=310.245 RV

g

E]
&
]
=l
=
2
= =
E]
i
1 1
a 5

— En appliquart lez consignes calculées par la fonction Yolt W4 Cortrol

106

1.04

Tenszion en p.u

095

098

0394

Distance au poste source (km)

Sebastien GRENARD-Smart Distribution Systems Workshop

TETTSTaT Tl = U950 PO

# Yaleur cible de l'optimisation

Pertes en réseau HTA
+ pertes Joule transformateurs HTBMHTA
+P

‘ertes Joules transform
+ Pertes Fer transformateurs HBSHTA
= 300777 kY

# Configuration

Transtormateur(s)
= "Transtormateur_2 - PSR1Y0312"
-Enprise =7  (convention SIMUMAT)
- Tap ratio = 0.970000 PL_primaire/PL_secondaire

Condensateur(s)

Producteurs) décentralizés)
= "Autoproducteur 1"

- aubus "BB‘USSPZUUU".
- | »
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Optimal reconfiguration of network

Objective : optimal reconfiguration to minimize losses, CMLSs,
number of switching orders. Takes into account DG

Objective
Fonction
Losses
Topology minimization
Acceptable U, Openning and v ?
closure of breaker R . S—i1q
Meshed or not gy, minimization Optimization (% g
DG _ Best voltage E @l o @
Closed loop profile ’
currents (HV - Minimization of
>MV-> HV) CMLs
etc.
HVIMV HV/IMV
substation 1 substation 1 <«— Switch open
o .
Network reconfiguration X
function Switch closed
HV/MV H\;/i\/l?/ ,
Substation 2 substation
Initial network configuration Optimal network configuration

Sebastien GRENARD-Smart Distribution Systems Workshop
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Integration of Distributed
Renewables and Electric Vehicle
Charging in Ireland

Andrew Keane
Electricity Research Centre
University College Dublin

Smart Distribution Systems
for a Low Carbon Energy Future Workshop

6 June 2011
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Demonstration Programme Overview

O Wind farm control demonstration
Voltage/Var control

O Electric vehicle trials
Network impact
Charging and usage data

O ESB Networks (Irish DSO), EPRI and UCD
@ Networks EPR [ S, Erc

Keane —Smart Distribution Systems Workshop



ESB Networks Wind Demonstration Project

Exploration of Voltage / Var
control on Distribution
connected wind farms

Use of voltage regulators to
limit voltage rise

Single transformer cluster
X stations for wind farms

Can we maintain distribution
system within limits and aid
system security?
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@ Networks

T \
EIRGRID/

Keane —Smart Distribution

Ireland Wind Connections (MW)

6700

Projected System Demand
2020

.1 Distribution 3990

i Transmission

1460 1260

Connected Post
Gate 3

Contracted Gate 3

Connected
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Project site and approach

Trien 110kV busbar

63
MVA
19 km Load
38kV cable
4 km 4 km
38kV cable 38kV cable

0 BORD GAIS @ SSE

Knockawarriga WF Tournafulla WF 17.2
22.5 MW MW

Keane —Smart Distribution Systems Workshop

Measure baseline data

Determine V control
parameters

Switch Knockawarriga into
const. voltage mode

Switch Tournafulla 2 into
const. voltage mode

Switch both wind farms into
const. voltage mode
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Set-up of measuring equipment

Trien 110kV
+«— SCADA

«— SCADA or
PQ

PO / PQ
0 BORD GAIS @ SSE

PQ meters set up at
Knockawarriga, Tournafulla and
Trien at 38 kV

with 30 sec interval

Measuring inter alia P, Q, V,, |

Some problems being fixed at the
moment (gaps in data)

110 kV voltage in Trien available
through SCADA system

Tap changer pos. to be picked up
by PQ meter in Trien

Knockawarriga WF 22.5 Tournafulla 2 WF 17.2

MW MW
Keane —Smart Distribution Systems Workshop
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Simulation Study Methodology

O Transmission network represented by impedance to
remote source at Trien 110 kV

O Every combination of wind farm outputs

o 1 MW steps

Keane -Smart Distribution Systems Workshop
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Study Cases

O Multiple voltage control scenarios
modelled

O Variables: control at each farm and tap

changer

Both farms regulating voltage to 41.6 kV

Tap locked to low sending voltage, both wind farms
regulating voltage to 42.2 kV

Keane —Smart Distribution Systems Workshop
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Time Series Analysis

25

—Knock MW
20
—Tour MW
15 k

Active power output (MW)
B

Keane —Smart Distribution Systems Workshop
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Time Series Analysis

20

15

10

Reactive injection into Trien 110 (MVAr)
= |
o & o

1
=
al

MWW

—1. Control enabled at
both farms

——2. Locked Tap low
sending voltage

Keane —Smart Distribution Systems Workshop
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Time Series Analysis

42 ——1. Control enabled at
both farms
——2. Locked Tap low
41.5 )

sending voltage

I
[N

Voltage (kV)
N
o
&)

N
o

W
MM'WV
s 5

39

0 1 2 3 4 5 6 7 8

Time (Hours)

Keane —Smart Distribution Systems Workshop
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Summary

0 When tap changer not locked, voltage did not
vary enough to cause tap change

Control devolved to the wind farms, which keeps
the voltage profile relatively flat

O Selection of sending voltage and enabling
voltage control can free up voltage headroom
to allow export of reactive power to
transmission system

Keane —Smart Distribution Systems Workshop 14
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Droop Settings

O Choice of droop determines acceptable
range of voltages

0 0% common for simulation but not
practical for real systems

O Important for coordination of multiple
controllers

Keane —Smart Distribution Systems Workshop =
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42.6 kV, 2% Droop

A0
=L,

Voltage (kV)

-5 -3 -1 1 3 5
Reactive power (MVAr)

Keane —Smart Distribution Systems Workshop
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42.6 kV, 4% Droop

w

i
!\J
(00]

LN
!\)
D

N
!\)
N

IS
N
N

Voltage (kV)

LN
N

N
Uiy
o)

Reactive Power (MVAr)

Keane —Smart Distribution Systems Workshop
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41.7 kV, 1% Droop

w

LN
!\J
(00]

LN
!\J
(o))

N
!\J
N

N
!\J
N

Voltage (kV)

N
|..\
n

Reactive Power (MVAr)

Keane —Smart Distribution Systems Workshop
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Initial Trial Results — Knockawarriga 4% Droop, 42.4 kV

w10

ap—_.

18—

ate—}.

Waoltage (V)
ey
=

-8000 7000 2

Active Power (kW)
Reactive Power (K\WAT

Keane -Smart Distribution Systems Workshop 0
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Summary

O Aim to reconcile the requirements of
distribution system with those of
transmission system

O Can control voltage locally

Can we also export reactive power to
transmission system effectively?

o Dynamic response requirements?

Keane —Smart Distribution Systems Workshop =
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Future Plans

O Can we establish a standard framework
for DG wind to control voltage locally and
support system?

Coordinated Control

Droop sensitivity

Tap changer interaction
Transmission voltage changes

Keane —Smart Distribution Systems Workshop
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Electric Vehicle Trials

Keane —Smart Distribution Systems Workshop
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ESB ecars Programme

e Government targets 2020:
- 10% of all vehicles electric

- 10% of all road energy
transport

will be renewable
e Early supply of electric cars

- MOU signed with Renault-
Nissan, Mitsubishi, PSA

e (Government incentives
- €5000 grant
- Zero VRT
- Lowest road tax band
- Accelerated Capital Allowance
- Government taskforce

23
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Nationwide infrastructure by end 2011
1,500 Public Charge Points Distribution of ecar Charge Points in Ireland

 Dublin & County 500 IR
= Cork 135 e 2 S
e Limerick 45

- Waterford 45 Yoti ¥
-

At least one charging point for o
every town < 1500 population e s Ny

30+ DC Fast Chargers

2,000 Home Chargers ¢ i
Keane —Smart Distribution Systems Workshop P S i
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Test Network - Roebuck Downs, Dublin

<
4z
-
i'

-

1
" 2 s

k -
0 =
27 CA Y
G T
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Keane -Smart Distribution Systems Workshop

O Suitable for trial:

Outdoor
accessible meter
box

Primarily owner
occupier

Drive way for
dedicated
parking
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Home Charge Point

Ecars Project
Electric Vehicle

T Load Profile Meter

Keane —Smart Distribution Systems Workshop
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Smart Meter Data

Charging cycle

0.8

~

0.5

0.4

I
I \
0.3 I \
0.2 I \
I \
: :

kWh

0.1

o Trial participant plugging in
o 12.6 kWh energy

o Notching needs investigation
Keane -Smart Distribution Systems Workshop
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Network Reconfiguration

Keane —Smart Distribution Systems Workshop =
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Worst Case Scenario
1-phase Voltage CPOC_C71

0.93

= «0.9 pu

092 - ==r=From END

== From START

No}
[y

Voltage (pu) o

0.88 -

0.87

0 10 20 30 40 50 60 70 80 90 100
EV Penetration (%)

Keane —Smart Distribution Systems Workshop >
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Time series analysis

Limited data presents challenges for a
definitive time series analysis
o Annual kWh demand from each customer
o Phase each customer connected to
o Local demand time series
o 3 Standard residential load profiles

Keane —Smart Distribution Systems Workshop
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Time series analysis

O Three Cases

Base (O vehicles), 15% (11 vehicles), 30% EVs
(22 vehicles)

Randomly allocated across feeder

25 single week charge profiles provided by ESB
Ecars

High demand day In January

Energy Summary for 24 hour period:
o Base Case: 628.34 kWh
o 15% Case: 735.027 kWh
o 30% Case: 807.922 kWh

Keane —Smart Distribution Systems Workshop >
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Time series analysis

140 -
120 - 30% EVs
§ —15% EVs
x 100 —Base case
gel
S 80 -
g
A 60 - n
g
o 40 T
o
20 -
(0] T T T T T T T 1

12:00 15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00
o Time (hrimm) 33
Keane -Smart Distribution Systems Workshop
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Time series analysis

230 -
225 -
S 220 - | f
(]
e
O 21 i
> —=Base case
—15% EVs
210 -
30% EVs
205 I I ' ! T T T 1

12:00 15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00
Time (hr:mm)
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Harmonic Analysis

* 5 minute averaged harmonic data
*Two charging periods examined
No breach of harmonic content limits

Charge

Periods THD Harmonic: 2 Harmonic: 3 Harmonic: 4 Harmonic: 5
AVO Max AVO Max AVO Max JA\V/e Max yA\Y/e Max

Time

Breached 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Mean 0.9318 1.0163 0.0535 0.1491 1.1117 1.2282 0.0221 0.0837 1.6767 1.7941
Max 1.0786 1.2003 0.1848 0.3682 1.3989 1.5902 0.1502 0.4131 2.3005 2.4727
Min 0.7518 0.8224 0.0000 0.0725 0.7158 0.8232 0.0000 0.0361 1.2634 1.3400

Keane —Smart Distribution Systems Workshop
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Electric Vehicles Summary

O Valuable network and consumer data
gathered

O Network impacts do not appear too severe

O Modelling challenges remain
Residential demand
Charging patterns
Further data required

O Scope for optimisation

Keane —Smart Distribution Systems Workshop
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Electric Vehicle Impact Modelling
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Richardson’ and Jason Taylor*

University College Dublin’ and EPRI*
June 2011



TCIRED§ Frankfurt (Germany), 6-9 June 2011

Overview

O Traditional impact modelling
O Stochastic EV modelling
0 Combined power flow and optimisation

O New modelling challenges due to
uncertainty and optimisation requirements

Keane —Smart Distribution Systems Workshop
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Test Network |

|
|
4L
it | |

-

ppe—
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Roebuck Downs

O Substation:

Outlet:

No. of Houses:

PF Houses:

PF EVs:

EV Charge Rate:
Load Type Houses:
Load Type EVs:
Sending Voltage:

O OO 00000

Keane —Smart Distribution Systems Workshop

Roebuck Downs (400 kVA, 10
kV/0.4 kV)

1 (Roebuck Downs)

54 (+20)

0.95

1.0

2.8 kW

40/60 Power/Impedance
Constant Power

0.97 pu
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Snapshot Analysis

O Results presented earlier
O Assess worst case operating point
O Still a valuable method of assessment

O Possible to reveal more with a more
detailed simulation

Keane —Smart Distribution Systems Workshop
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Time series analysis

Limited data presents challenges for a
definitive time series analysis

What we have:
o Annual kWh demand from each customer

o Phase each customer connected to
o Roebuck downs demand time series
o 3 Standard residential load profiles
What we don’t have:
o Individual demand time series for all 74 customers

o Enough vehicle data (yet)
o Typical battery state of charge

Keane —Smart Distribution Systems Workshop
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Stochastic Analysis

O Location of EVs

o Type of EV

O Residential demand
O Availability of EV

O Battery state of
charge

Keane -Smart Distribution Systems Workshop

START

Select number of houses and EVs,
and assign EVs to houses randomly

v

Set battery capacity for EVs
according to PDF

v

Assign initial battery state of charge
to EV's randomly

| Day =1 I

-

v

Determine connection
time for each EV
according to PDF

v

Set charge requirement
{kWh) for each EV
according to BSOC PDF

v

Generate charge
profiles for each EV

|

Check Season and
weekday/weekend

¥

Generate 15-min load
demand for each house
according to PDFs

Day=365

Day+=1

YES

END
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Model Interfaces and structure

Model uncertainty with PDFs
Create input data from PDFs
Export to power flow software
Solve circuit

Post processing of results

a &> L K

Keane —Smart Distribution Systems Workshop
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EV Connection Times

8 A

~
]

Share of connections (% of sample total)

Time (hr:mm)
Keane —Smart Distribution Systems Workshop
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Simulation Results

O Proceed with automated time series power
flow

O Analyse multiple scenarios

O Question of calculation time and what is of
INnterest

Keane —Smart Distribution Systems Workshop



fCIREbi Frankfurt (Germany), 6-9 June 2011

sSummer
30 -
Hm10% EVs
AZS-
X M 50% EVs
@ 20
£
© 15
(7]
o
(@]
310
©
=
o I ‘ ‘
0 ‘ i
S ‘ » S S ¢ <
°\9’19%°v<o°b°'\°°o°q@\’\9

Cable thermal loading (%)
Keane -Smart Distribution Systems Workshop
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Winter
30 -
H10%EV
25 - 0% EVs
X M 50% EVs
S 20 -
5
® 15 -
(7,]
G
(@)
v 10 -
M
7
- '
O' T T |‘| -I -I -—I
Q Q Q Q Q Q Q Q Q Q x
N A% > X p) © N o 9 Q Q
N o F ¢ & §F&F 0000)0”@

Cable thermal loading (%)
Keane -Smart Distribution Systems Workshop
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CPOC Voltages Summer

45
40

w W
o

= N
U O

=
o

Share of samples (%)
N
ol

W 10% EVs
W 50% EVs

S S S R S WS

& o I I AT A AR
Q- Q- Q- Q- Q- Q- Q- Q-
Voltage (pu) 13

1 el
QO)
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| OsSse
8000 -
0O 0% EVs
7000 1 | @ 10% EVs
6000 - ®m50% EVs

Losses (kWh)
D
o
S

0 1

S , Wint
HMMEL " EV penetration (%) neer
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Optimisation

O Scope for integrated power flow and
optimisation

O Optimal power flow

O Linear programming

O Multi-objective

O......

Keane —Smart Distribution Systems Workshop
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Sample Application

O Optimise scheduling of vehicle charging

O Objective:
Minimise Cost

O Variable:
Charge Rate

O Subject to:
Vehicle availability
Battery capacity

Keane —Smart Distribution Systems Workshop
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Sample Application

O Formulate and run initial optimisation in
Matlab

O Export optimised charge profiles for 24
hours to OpenDSS

O Solve circuit and check network
constraints

Keane —Smart Distribution Systems Workshop o
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Sample Application

o If a limit is breached
Update optimisation formulation
Adjust appropriate constraint

Repeat until solution reached which satisfies
network constraints while minimising cost to
consumer

Keane —Smart Distribution Systems Workshop
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Parameters
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Resulting availability profile for a sample vehicle
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Input Data

O EV locations and characteristics

O Optimised charge profile for each vehicle
O Residential demand

Keane —Smart Distribution Systems Workshop
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Outputs
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Summary

O This Is a just a sample application!

O Flexibility in terms of stochastic modelling
O Handle larger volumes of data
O Speed of power flow calculation

O A lot of potential for assessing a wide
range of smart distribution challenges

Keane —Smart Distribution Systems Workshop =



ZCIRED§ Frankfurt (Germany), 6-9 June 2011

Summary Challenges

O Two broad categories of model required:

O Impact analysis

Limited worries regarding data volumes, time
of calculation

O Real solutions
What data available?
Cost of implementation
Contingencies

Keane —Smart Distribution Systems Workshop
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Model Requirements for
Smart Distribution
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What i1s the Smart Grid?

O “Smart Grid” means different things to different
people
Communications and control
o Not typically represented in distribution system analysis

Distributed resources
o Generation, storage, demand response, microgrids
o Some of these issues have been addressed

Monitoring (AMI, etc.)
Intelligent protection
Energy efficiency

DUGAN -Smart Distribution Systems Workshop
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What Kind of Analysis Tools are Needed?

o If everything is monitored, do we even
need planning tools?

O What can be done if more i1s known about
the system?

O What different approaches to DSA tools?

DUGAN -Smart Distribution Systems Workshop



fCIREDi Frankfurt (Germany), 6-9 June 2011

What Kind of Analysis Tools are Needed?

O Expected:

Convergence of distribution monitoring
and Distribution State Estimation (DSE)
INnto DMS

DUGAN -Smart Distribution Systems Workshop
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State of the Art

O Most DSA for US can perform 3-phase analysis
Some more than three phases (e.g. OpenDSS)

O Most tools were originally designed for static
power flow
A few can perform power flows over time

O Tools and techniques designed for uniprocessors
Satisfactory for the time being — future ??

O Many (most?) exploit radial nature of feeders
For simulation efficiencies
Increased call for meshed network solution

DUGAN -Smart Distribution Systems Workshop
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State of the Art, cont’d

O Frequency-domain tools are preferred for DSA
Time-domain tools do exist but used infrequently

O Dynamics analysis (electromechanical transients)
IS uncommon for DSA

O Planning and operational tools (DMS) are often
separate

O Secondary (LV) has been ignored (changing!)
Loads modeled by time-invariant ZIP models
O Harmonics analysis is optional, if available

O

DUGAN -Smart Distribution Systems Workshop
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Needs Envisioned by EPRI

Sequential time simulation *

O

O Meshed network solution capability

O Better modeling of Smart Grid controllers
O

O

Advanced load and generation modeling

High phase order modeling ( =3 phases)
Stray voltage (NEV), crowded ROWSs, etc.

O Integrated harmonics
NEV requires 1st and 3

O User-defined (scriptable) behavior

O Dynamics for DG evaluations
DUGAN -Smart Distribution Systems Workshop
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EPRI’s Vision

O Distribution planning and distribution management systems
(DMS) with access to real time loading and control data will
converge into a unified set of analysis tools.

O Real-time analysis and planning
analysis will merge into commmon

tools.

O Distribution system analysis tools will continue to play an
iImportant role, although they might appear in a much
different form than today.

DUGAN -Smart Distribution Systems Workshop
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Tackling Smart Grid Issues
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Modeling for Distributed Generation

Voltage rise and regulation,

Voltage fluctuations,

Protective relaying and control functions,
Impact on short-circuit analysis,

Impact on fault location and clearing practices,
Interconnection transformer,

Transformer configuration,

Harmonics,

Response to system imbalances

e.g. open-conductor faults due to failing splices.
DUGAN -Smart Distribution Systems Workshop
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Example of an Expected DG Problem
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Root of Problem
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Time Sequential Simulation

O Electric vehicle charging (minutes, hours)

O Solar and wind generation (seconds)

O Dispatchable generation (minutes to hours)

O Storage simulations (minutes to hours)

O Energy efficiency (hours)

O Distribution state estimation (seconds, minutes)

O End use load models (minutes to hours)
O End use thermal models (minutes to hours)
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Modeling for Unbalances

O Symmetrical component model and an unbalanced
phase-domain model can yield quite different results.

O A symmetrical component model uses only the positive-
and zero-sequence impedances — assumes balance

Asymmetries yield impedances that are not balanced between
phases.

O Many distribution system analysis tools can perform full 3-
phase analysis;
A few programs can go beyond 3-phases.
Many circuits include multiple feeders sharing right-of-ways

We have analyzed circuits with 17 conductors on the same
pole sharing a common neutral

o (as well as several communications messengers).
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Example
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Large Systems

O A key capability
O 5000 — 10000 bus systems are routine today

O Smart Grid requires solution of multiple feeders
simultaneously

O Goal:
100,000 to 800,000 nodes

O Parallel computing could enable this
Requires new algorithms

DUGAN -Smart Distribution Systems Workshop
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Distribution State Estimation (DSE)

O Key feature for Smart Grid

O Robust estimation more feasible with AMI,
Sensors

O Transmission state estimation mature

O Barriers to DSE
Low X/R
Phase unbalances
Magnitude (V, I) measurements in line sensors
Communications latency and bandwidth
Non-coincident samples

Insufficent samples to make feeder observable
DUGAN -Smart Distribution Systems Workshop
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Simulating with AMI Load Data

AMI verses Modeld (7/12/2010 to 7/17/2010)
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Modeling Communications ..
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IEEE PES Distribution System Analysis
Subcommittee (DSAS)

O Advancing Distribution System Analysis Tools
Developing new benchmarks (test feeders)

Supporting data exchange standards
o IEC 61968 and CIM
o Multispeak

Producing IEEE Recommended Practice
o IEEE Std P1729

Organizing paper and panel sessions

DUGAN -Smart Distribution Systems Workshop
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IEEE Test Feeders

O Original set from Prof. Kersting

4-, 13-, 34-, 37-, 123-bus test feeders
O Recent Additions

NEV Test Feeder

8500-node Test Feeder

Comprehensive Test Feeder (later in program)
o Coming soon ...

DG Protection Test Feeder

Large urban LV network

DUGAN -Smart Distribution Systems Workshop
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8500-Node Test Feeder
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8500-Node Test Feeder

O Challenges for DSA programs/algorithms
Modeling large unbalanced distribution systems
Solving large unbalanced distribution systems
Modeling secondaries
Heavily loaded system close to convergence limits
Advanced controls (capacitors, regulators)
Modeling the 120/240V transformer

+ |
g 120V Load A

7.2kV " J_
120V Load B | L
' |

J,- L Load A # Load B
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Key Challenges for the Future

O Merging planning and real-time analysis
O Time series simulations

O Very large system models (100,000 —
1,000,000)

O System communication simulation
O Handling a large volume of AMI data
O AMI-based decision making
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Key Challenges (cont’'d)

O Distribution State Estimation (DSE)

O Detailed modeling (service transformers,
service wiring)

O Distribution models including the effects of
multiple feeders,
transmission, sub-transmission systems

O DG integration and protection
Generator and inverter models

O Regulatory time pressures
DUGAN -Smart Distribution Systems Workshop
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Questions?
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