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The Drivers

Manage wholesale demand costs

Deliver load to TVA under S.G. contracts
Drive retail rates low to attract industry
Technology to aid economic development

Time of use rate options for residential &
small business
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Quick Facts

TVA Municipal
14,500 customers
305 miles distribution
46 customers/mile
/2% Load Factor
/0% sales industrial/commercial

All voltage regulation via LTC at substations
Entire feeder length affected in VR

Peaks: 167/ MW Summer / 165 MW Winter
Regional Water System /Telecommunications
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TVA's Production Costs

Highest on Summer Afternoons and Winter Mornings
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TVA Smart Grid Project

A Voltage reduction:  Deliver 6000 kW
A Water load: Deliver 740 kW

Direct Load Control:  Smart Thermostats/Hot
Water Disc Switches up to 2000 kW

A Time of Use w/ CPP overlay
A TVA Calls: 100 hrs per year for 10 years
A Verification: Using VR but not TVA tested

A Upgrades: SCADA, LTC controls, AMI deployment
on FTTH system

A Requirement. ANSI Range A, 114 V minimum
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Advanced Metering Infrastructure

A FTTH network: Fiber touches 4 of 10 customers

A IPC collectors: 20-30 meters collected via 900
MHz wireless mesh then backhauled over high speed
Ethernet network

A VPLS network - Cyber secure
A Push system: Meters report up every 15 min
A Abnormal events: report in sec/min

A Special application:  Tantalus TUNet server to
post meter info to SCADA real time

A SCADA linked to TVA with ICCP
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Figure 18: Improvement to Demand Reduction Potential
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Figure 3 — Voltage Profile for Intermediate Step, 6300 kvar

Figure 1 — Steps for Applying CAPS Program Added, 126 V at Substation
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Morristown Utility Commission
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MPS Historical Peak Load Days

Summer Peak (yellow)

winter Peak (blue)

Mote: 07:539 means hour ending, or 07:00-07:59

CY 2009 CY 2008 CY 2007 CY 2006 CY 2005

Peak kW | Occurance (EST) Peak kW | Occurance (EST) Peak kW | Occurance (EST) Peak kW | Occurance (EST) Peak kW Occurance (EST)

Janua 155,608 | 1/16, Fri, 08:59 155,148 | 1/25, Fri, 07:59 150,020 | 1/29, Mon, 08:59 137,239 | 1/26, Thu, 08:59 152,525 | 1/24, Mon, 07:59
ny s
February 146,635 | 2/5, Thu, 08:59 147,153 | 2/14, Thu, 07:59 147,486 | 2/15, Thu, 08:59 139,222 | 2/10, Fri, 08:59 131,849 | 2/11, Fri, 10:59
March 141,811 | 3/3, Tue, 07:59 138,969 | 3/25, Tue, 07:59 132,173 | 3/5, Mon, 07:59 128,652 | 3/22, Wed, 08:59 140,473 3/1, Tue, 10:59
April 125,281 | 4/27, Mon, 14:59 126,351 | 4/24, Thu, 14:59 130,105 | 4/25, wed, 14:59 122,411 | 4/24, Mon, 14:59 124,963 | 4/11, Mon, 13:59
May 128,809 | 5/26, Tue, 14:59 131,255 | 5/27, Tue, 14:59 145,373 | 5/31, Thu, 14:59 146,944 | 5/30, Tue, 14:59 134,273 | 5/12, Thu, 14:59
June 141,848 | 6/23, Tue, 14:59 154,433 | 6/9, Mon, 14:59 152,366 | 6/18, Mon, 15:59 151,259 | 6/22, Thu, 14:59 148,074 | 6/6, Mon, 14:59
July 145,123 | 7/28, Tue, 14:59 156,452 | 7/21, Mon, 14:59 154,589 | 7/9, Mon, 14:59 154,348 | 7/20, Thu, 14:59 160,622 | 7/26, Tue, 14:59
August 148,862 | 8/10, Mon, 14:59 157,748 | 8/5, Tue, 14:59 166,856 | 3/23, Thu, 13:59 158,845 | 8/2, Wed 14:59 154,946 | 8/4, Thu, 14:59
September 140,637 | 9/24, Thu, 14:59 148,856 | 9/3, Wed, 14:59 153,908 | 9/5, Wed, 14:59 138,335 | 9/11, Mon, 14:59 148,632 | 9/15, Thu, 14:59
October 123,567 | 10/1, Thu, 13:59 126,540 | 10/15, wed, 14:59 147,061 | 10/8, Mon, 14:59 126,829 | 10/5, Thu, 14:59 135,923 | 10/5, Wed, 14:59
November 116,954 | 11/6, Fri, 08:59 137,295 |11/19, wed, 07:59 130,406 |11/28, Wed, 07:59 127,520 | 11/21, Tue, 07:59 128,165 | 11/18, Fri, 08:59
December 137,125 | 12/11, Fri, 08:59 138,521 | 12/8, Mon, 08:59 143,109 | 12/18, Tue, 07:59 148,014 | 12/8, Fri, 08:59 140,857 |12/21, Wed, 08:59
Peak for Year 155,608 Jan 157,748 Aug 166,856 Aug 158,845 Aug 160,622 Aug
Peak Hour Ending History (EST) Max Min Delta 4

January 07:59 (3 times), 08:59 (2 times) 155,608 137,239 18,369 A M US peaks between
February 07:59 (1 time), 08:59 (3 times), 10:59 (1 time) 147,486 131,849 15,637 8_5 Mon_FrI
March 07:53 (3 times), 08:59 (1 time), 10:59 {1 time) 141,811 128,652 13,159 . . ;
April 14:59 (4 times),13:59 {1 time) 130,105 122,411 7,694 ATVA W||| dISpatCh 100
May 14:59 (5 times) 146,944 128,809 18,135 .
June 14:59 (4 times), 15:59 (1 time) 154,433 141,848 12,585 h rS per year’ |Ike|y
July 14:59 (5 times) 160,622 145,123 15,499 Outside these hOurS
August 14:59 (4 times), 13:59 {1 time) 166,856 148,862 17,994 2 . .
September 14:59 (5 times) 153,908 138,335 57| AAutomation desired
October 13:59 (1 time), 14:59 (4 times) 147,061 123,567 23,494
November 07:59 (3 times), 08:59 (2 times) 137,295 116,954 20,341 to SChedu le Or
December 07:59 (1 time), 08:59 (4 times) 148,014 137,125 10,889 remotely start VR



Voltage Reduction Method

A Historical information & temperature
A Voltage reduction between 2 -6%
A Monitor customer calls & LV alarms

A Desired Procedure:
A Instigate voltage reduction in steps

A Script files in SCADA issue commands and alarm
and/or exit VR

A AMI interface for selected meter alarms/voltages
provide performance verification

A Operators can poll for individual voltages
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Meter Configuration

Meter Device Default Settings

"] Disable Power Qutages
Outage Period: 10 seconds (valid range 1 - 10].
AMR Interval: 15 mins |=|
PQM Interval: & hours ||

Sag Interval: 15 secs E| swell Interval: 15 secs

120V Devices

Sag Voltage: 114 volts _ Swell Voltage: 130 volts

240V Devices
Sag Voltage: 228 Swell Voltage: 260 volis




| ow Voltage Alarms

Locally Owned Locally Trusted

Home = Maorristown Utility = Monitors = Event_Maonitor Log Off

Event Monitor

Refresh check in 4 secs [ — Automatic Refresh:

Showing 228 meter events

[ 21072 | | | | | | | = i [ 1 | [ = [ = | AT =
s e - e BEas - s EIEiT - & Spare w & Route w» . SrEm - s SG - Y B - 4 Opened K3 a Closed »
[0} [n} Mame Feeder Devices Type

2646 LAKEMOORE MATTHEW R
E31972 oR LALIX {null} 00 UMDEFINED UMDEFINED Vaoltage Sag 2011/02/23 O7:468:28 (EST) 2011/02/22 07:48:48 (EST)

E31072 EE:E LAKEMOORE T:E4Ew R (null} 00 UMDEFINED UNDEFINED Vaoltage Sag 2011/02M17 08:52:28 (EST)  2011/D2/17 08:58:14 (EST)

2646 LAKEMOORE MATTHEW R
E31972 oR LALIX {null} 500 UMDEFINED UMDEFINED Vaoltage Sag 2011/02/15 08:53:40 (EST)  2011/D2/15 08:58:13 (EST)




On Demand Read

Consumption Information

11:22:00 Request sent
Last Read Time: | 2011/03/02 11:22:02 (EST) 11:22:02 Meter makes read

Last Read Volts: | 249 11:22:10 TUNet server posts

Service Metered

kKWh: | 11058.016 kWh: | 11058.016
PQM
Last PQM Time; | 2011/03/02 06:00:00 (EST)
Last Min Voltage: 233
Last Max Voltage: | 250
Events

Last Outage: | 2011/02/23 12:57:59 (EST) to [ 2011/02/23 13:10:12 (EST)

Last Sag: | 2011/02/23 07:46:28 (EST) to | 2011/02/23 07:46:46 (EST)




Voltage Reduction Application

)

Tantalus

Provision Meters

Voltage Reduction

Meter Provisioning

Add Meter

By Meter ID: ﬂ

13E6BF6 44

44B8FA3

38F48

44097F2

v

By Service Location:

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

North

UNDEFINED

123

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

11D55CC

UNDEFINED

UNDEFINED

UNDEFINED

UNDEFINED

44BC188

m

UNDEFINED

South

16

Update Meter List




COMMUNICA Wi cs 06/21/2011 16:26:01
PCIAGENT 71  Chni ‘ RT DNPNET SCAN
Station Display Status o] % ln tatus
096 Sch 351R 0 0
097 Cooper 5 0 0 D 0
098 D 0 o) )
120 Lowland 1 O 0 1
212 R—12 %9 o 3274 3373
532 21¢ 2403 2
TuNet server polled = i3 e de
362 186 2512 3060
from SCADA as a 0 0 0 0
DNP 3.0 device 74 0 74 6
52 0 3321 3373 [+
38 0 3334 3372 3
636 0 2736 3372 3
235 R—35 N 268 0 3102 370 e
future 0 0 0 0 [
future 0 0 0 0 3
future (0] 0 0 0 [+
251 EM 625 IN 100 o 3272 3372  97.0 o
211 R-11 0 o ] 0 0.0 e
futwre 0 a 0 0 0.0 = N
future 0 Q 0 0 0.0 [« N
4 TANTALUS < 0 206 g10 100.0 N
G5 BattV N 0 O 1328 1328 100.0 N




- E34108 2230 E37396 218.0

O esmo7a 2280 £37389 2180
E35533 228 0 E37310 217 ©
Selected Meters from o e amo E%858  217.0

E3S971 2za E38033 221 0

TuNet ported to fisis zeo  © ceaw 2o
SCADA real time 0

E33S 227, E3SS80 111.0
) E37724 225, E28113 250.0

) E3o445 228 0 EN3T7 228 0

E35583  112.0 £38030 248.0

34004 2200 £38037 237 0

E38328 224.0 O £38090 2440

Voltages report regardless Oewon 280  Oeyess 2070
15 : E30S07 224,90 LJ E38511  231.0

E38346  226.0 O £3%637 237 0

every min E37434 227 0 ) £38510 2500

£37740  228.0 O 38440  229,0

A|al'mS report VOltageS at 39819 225 0 C E38237 2330

time of event Con o O gm0 2340
E37741 226.0
£33096 225.0

' E38386 222.0

{ EX5518 224.0

0 . . 5}92§9 220 O

This is Smart Grid 3385 221.0

Real time interface with E38807  226.0

E32294 217 0
customer metering

AR a\ et Aroa:/ﬂ vPr:ontyml I 127 Alarms
Status Pair




DR Eventd Nov 11, 2011

Event Monitor

Every 15 secnndsE

Automatic Refresh:

Clear Changes

Please press Refresh button.

Showing 15 meter events

E w5 =

Substation 5 G. Ewvent

Feeder “ Devices o EIELER “ Phase bt

Wakags S ] OpenEerts o]

Meter — ~ Customer — ~ Customer —
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a Opened K3
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411 ASH ST

419 ASH ST

403 ASH 5T
420 ASH BT
438 ASH 5T
414 ASH 5T
448 ASH ST

420 BEECH 5T

449 ASH 5T

480 ASH ST

EEEB
2247 CROWN

CIRCLE

aEEEEEEEEEEEEEEEER®

5815 E ANDREW
JOHNSON HWY
APTS

CUMBERLAND
GRAPHICS

JAMES P SNYDER
WINDSHIELDS
PLUS

MICHAEL WOOD

VINMIE E
WILLIAMS

MARIAN HODSON
WILLIS J GORDOM
BRAMNDI Q@ WILSON
AGNES L HELTON
STEVE BACON
MARY E HOWE

ELIZABETH
RUSSELL

CHARLES WINM
ANGELA M
WALLACE

NIKK] L BRCOKS

(null}

{null}

{null}

{null}

{null}

{null}
{null}
{null}
{null}
{null}
{null}
{null}
{null}

{null}

{null}

SM264

5214

Sh284

UNDEFINED Voltage Sag Undetermined  2011/11/11 09:42:38 (EST)

UMDEFIMED Voltage Sag Undetermined 20111111 09:42:07 (EST)

UMDEFIMED Voltage Sag Undetermined 20111111 09:40:10 (EST)
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Finzz4a
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Fnzz4
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UMDEFIMED Voltage Sag Undetermined 20111111 09:38:17 (EST)

UMDEFIMED Voltage Sag Undetermined 20111111 08:55:00 (EST)

UNDEFINED Voltage Sag Undetermined  2011/11/11 08:37:02 (EST)

UMDEFIMED Voltage Sag Undetermined 20111111 08:37:09 (EST)

UNDEFIMED Voltage Sag Undetermined 2011/11/11 03:37:09 (EST)

UNDEFINED Voltage Sag Undetermined  2011/11/11 08:38:50 (EST)

UNMDEFIMED Voltage Sag Undetermined 20111111 08:35:02 (EST)

UNDEFIMED Voltage Sag Undetermined 2011/11/11 08:33:24 (EST)

UMDEFINED Undetermined

EEEEEEEEEEEEEEEER?®

Voltage Sag 2011/11/11 08:33:23 (EST)

8 of 9 substations in voltage reduction
Only 15 of 11,000 installed meters under 1
10 of the 15 on one street off same feeder




Low voltae mid-span of feed ‘_
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4/26/11 (the max demand) - approx 1lamto 5 pm

A Advanced Control Systems ‘
B oseaniansoo QR no7s  JH [135](70. C.30) 13 KV SY5 REC LOAD. MVAR

126818 [P [136) (r0, C.24) 13 KV SYSTEM LOAD, MW/

MW MVAR System Load, MVAR, and MVA
159 25.2
152 23.2
144212 1

136 19.2 1

12917.2

114 13.2 -

106 11.2 -

9 92

2 72

84 52
7 32
6 12
62 A8 LB B L e e L A A A B B YT TY YT YTY Y YT YYY - M
50 3% W 5 30 W 5 ¥ 1w 50 3w 10 5 30 10 5 30 1w 50 30
2611 M27Mm




05/11/11 17:00:00 Vi: 12.996 188 [135] (70, C, 30) 13 KV SYS REC LOAD, MVAR
B 135728 [REH [136] (70, C, 24) 13 KV SYSTEM LOAD, MW

MW MVAR, System Load, MVAR, and MVA

______ May afternoon.

137 17.5

Let go at 5:00 PM

13216.2
127 15.0 -

12213.8

117 12.5 -

L "L
-

11211.2

-

._____'.—}:
;‘-
:d

107 10.0 -

-
-~

102 884
97 7.5
92 62

] ]
87 5.0 ‘

82 387

77 2.5 B I B I I i e B B I I e B B A I I e e e BB LR i B == Minute

01:30:00 09:10:00
05/11/11 05/12/11




morris_c : [Chart 52]

y =5
E= Advanced Control Systems

Time 8 11a3s  JpB [135] (70, C. 30) 13 KV SYS REC LOAD, MVAR

7H 144933 WEH [136] (70. C. 24) 13 KV SYSTEM LOAD, MW
el oeoro R 11091(60.C09) OUIDOORTEMP

MW MVAR System Load, MVAR, and MVA

A

1536172 January morning test

149.6 160 Let go at 10:00 am

145.6 14.8 —
141.6 13.5 —
137.6 12.2 —
133.6 11.0 —
129.6 9.8—2
125.6 8.5 —
1216 7.2 —

117.6 6.0

113.6 4.8
109.6 3.5

105.6 2.2

101_6 1_0-||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||IIII| == Minute
45 35 25 15 05 55 45 3B 2 15 0 535 45 3B 25 15 05 55 45 35

01:45:00 17:35:00
01/1311 01/13/11




5 Advanced Controd Syatems
B owenorzx AR s R [135) (70, C.30) 13 KV SVS REC LOAD, MVAN

B O3 (A, €. 29) 13 KV SYSTIMLOAD, MW

MW MVAR System Load, MVAR, and MVA

1264155 VR during cool morning
April morning
Started at 7:30 am
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Demand Reduction Testing
Prior to TVA Smart Grid Submittal

Test Date 2/5/2009 8/4/20089 1/5/2010 1/5/2010 1/8/2010 1/11/2010
Substation Parkway Parkway Callaway South | Callaway North J.B. Neill South Morr.

kW Demands
With Voltage Reduction
Without Voltage Reduction
Difference

% Reduction )

Substation Voltage Start V
Phase A Voltage (124 V Scale)
Phase B Voltage (124 V 5cale)
Phase CVoltage (124 V Scale)

Substation Voltage Reduction Stop V
Phase A Voltage (124 V Scale) 114.13 115.40 114.01 114.01 115.25 115.25
Phase B Voltage (124 V Scale) 114.34 115.10 114.02 114.02 115.25 115.25
Phase C Voltage (124 V Scale) 114.90 116.41 114.12 114.10 115.59 115.59

% Drop (Average) ‘ 7.25% 7.32% 8.40% 8.58% 6.30% 6.74%

‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII fEEEEEEEEEEEEEEEEEEEEEEEEESR EEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEENENEEEEEEEEEENEE,

= Ratio %V Drop to % Load (kW) Drop 0.990028 [ 0.972916 0.888467 0.948860 0.987931 0.997030 E

L
4ANEEEEEEEEEEEEEEEEEEEEEEEEEEEEER (R AR RN RN RRERRRERRRRERRERRRNERRERRRERRRERRIERNRAERRRERRERRRRERRRRRRERRRERRIERNRRERRRNNNHNZ

Testing 0.9% drop in load for each 1% in Voltage




Demand Reduction Estimates

Calculation for percent load reduction from 5/31/11

Call. South Call. North ~ ETPC LB Neill  lessee Mahle MAID Parkway South West TOTAL
Load (MW) 7. 12.314 3.8 20.057 8.016 3.23:
VR % 6% 3% 0%
Load Red (MW) 0.74 . 0.00
Ratio 0.9: 0.30
Met DR (MW) 0.5 0.00

Load, MW = Normal load distribution per substation for a peak day
VR % = Percent average voltage reduction per substation
Ratio =ratio of load reduction per voltage reduction based on performance testing

Using 3.98% reduction in demand per VR Event




Voltage Reduction History

SCADA Data (MW during VR Event Window
Peak Billed kWh Sales Loss MNet Wholesale

Max Temp at| Demand |Demand Red Demand (total kWh kwh sales Sawings [Demand
System Time of |Peak minus Peak in (MW] from | off TVA Peak Reduction  assuming 75% Loss for one day minus
Date Peak Peak (EST) BCD Fahrenheit [ TVA Power |4 HEM | StartTime = End Time Savings coincidence Revenue  energy for all VR

g

April 2011
Monday, April 04, 2011 113.530 13:00 91.032 727 90.401 3.60 11:00 AM  3:00 PM 10,792 $364.87
Wednesday, April 06, 2011| 120.943 8:00 96.777 293 96777 3.85 7:30 AM 9:30 AM 5,777 $195.30
Monday, April 11, 2011 124.902 15:00 98.880 81.8 99 258 345 9:30 AM 3:30 PM 17,774 5600.92
Tuesday, April 19, 2011| 120.156 15:00 93991 827 93991 374 1:00 PM 3:00 PM 5,610 $189.68
Monday, April 25, 2011 122249 16:00 98772 90.3 98772 3,93 LooPp. S00pM (o 11797 gS3eges
Tuesday, April 26, 2011| 126144 14:00 101.011 816 101.110 4.02 10:30AM  4:00PM | 534,361 16,597 $561.13 531,748 |
Wednesday, April 27, 2011| 124.859 15:00 99.826 84.4 99,826 Ep-r ot et “EOoPEY W = = Eha™ MUhofMy e o me o ome

May 2011
Monday, May 02, 122073 S7.109 101.533 2:00 PM 6,061 520450
Tuesday, May 03, 122973 98.237 101.533 11:00 AM 12,121 540920
Monday, May 03, 123830 100.219 101.533 12:30 AM 13,636 5461.02
Tuesday, May 10, 132.358 106127 106.127 10:30 AM 20,588 S696.05
Wednesday, May 11, 134.407 109.056 109.065 1:00 PM 13,020 544020
Thursday, May 12, 138.202 112799 112799 12:00 PM 16,833 5569.09
Wednesday, May 25, 137.228 110524 110524 1:00 PM 13,242 544770

Tuesday, May 31, 145272 120.009 120.009 11:30 PM $40,784 19,699 $666.01 £36,880

June 2011
Wednesday, June 01, 2011| 147.208 122072 123144 . 12:00 PM 18,376 5621.28
Thursday, lune 02, 2011| 144267 118.861 117.113 . 12:30 PM 13981 547268
Monday, June 06, 2011| 143267 118.088 119655 . 1:30 PM 12,4599 5422 57
Tuesday, June 07, 2011 140.210 114825 120.795 . 1:00 PM 12,618 5426.60
Wednesday, June 08, 2011| 147.116 122.696 122.148 . 12:30 PM 16,405 5554.63

Thursday, June 09, 2011| 149.612 124036 123.510 X 12:00 PM 545 856 " 14745 5498.50 §42,321
Tuesday, June 21, 2011 145.303 118.190 118.698 . 15,942 %538.96

NOTE: These numbers are best engineering guess. Software not available
yet to automatically calculate demand reduction and energy sales loss.




Voltage Reduction History

IThis is an approximate amount manually generated
FActual savings is less due to retail demand reduction on customers

iStudies pending on how many customer peak coincident to MUS peak
iHowever, this iIis also a owino fa




