Tom Guttormson, PE
Principal Technology Engineer

® ~ CONNEXUS"
ENERGY

Your Community Energy Partner

your most powerful membership



STATE OF MINNESOTA

COUNTIES OF: ANOKA
ISANTI
RAMSEY
CHISAGO
HENNEPIN
SHERBURNE
WASHINGTON

130,000 member customers
1,000 square miles territory
44 substations
12.5 kV 9,000 miles of line
92% residential by customer
System peak demand 550 MW
Wholesale Power Supplier —
Great River Energy
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AGENDA

Conservation Voltage Reduction

 CVR for Demand Response - Basis of Operation

* History at Connexus

 AMI - Integration — “Dynamic Voltage Reduction”
 Results, Issues, Lessons Learned

This Photo by Unknown Author is licensed
under CC BY-SA-NC
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https://www.eoi.es/blogs/mintecon/2013/06/09/la-gestion-del-tiempo/
https://creativecommons.org/licenses/by-nc-sa/3.0/

VOLTAGE REDUCTION HISTORY

2000
2001 - 2002
2003 - 2012
2013
2014 - 2016
2017 - 2018

2018 - 2019
2020

Developed concept, initial field testing

Initial production trial — 10 substations

Annual production — summer months (June - August)

Expanded — full 12 month operation

Launched centralized capacitor control (base for AMI integration)
AMI deployment

Integrated AMI for real time voltage operation
Full operation of “Dynamic Voltage Reduction” (DVR)
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BASIS OF OPERATION

Reduce Voltage -> reduce demand

Terms:

P

-

\_

VR: CVR (Conservation) vs DVR (Demand)

“Static” VR — % reduction by modeling — applying static values to operations

“Dynamic” VR - % reduction automated using real time voltage values

~

J

[“CVR Ratio” - % demand reduced / % voltage reduced

\_

Will vary depending on load (i.e., resistive heat vs motor)
Connexus measured (weighted average) 0.72
Typical across industry 0.6-0.8

~
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VOLTAGE REDUCTION CONCEPT

123

Substation Voltage -
Head of Control
/one

Bellwether
Meter voltage

119

=

Normal Operation — CVR OFF
Standard substation voltage 123 +/- 1%

118 l

Substation Voltage — will
vary depending on load
& feeder characteristics

CVR Operation: VCD at head of control zone
lowers and maintains at bellwether to specified

- minimum voltage

l

— 114
Target “end of line” voltage (at the meter)
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15 min kW demand

Blue — Metered demand

Red - Simulated demand - no control }
CVR ratio .75
14000 130
18:00 21D
16:30 19:00
13000 7\/\\
\\:\\\ 1 128
12000

Voltage
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10000 - T 124
119.5 to i \ 120.0 to 122.5

9000 - / 1226
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8000 /
+ 120

7000 - Normal voltage setting: 123 +/- 1
Reduced setting: 120 +/- 1
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PLANNING / ENGINEERING PROCESS (Static) }

Base Requirement:
* Maintain voltage at meter > 114 volts (ANSI Range A)
* Connexus — model primary voltage — minimum 118 volts

Project system peak load

Run load flow for each substation

|ldentify lowest voltage constraint
across all feeders per sub

VR “bandwidth” :
lowest modeled voltage — minimum allowed

Load fixed % drop setting into LTC / Regulator controls
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REVIEW - VOLT/VAR CONTROL (VVC)

Phase 1: VAR Control
Phase 2: Voltage Control

(C
-

Substation m

Communications

m G L
OSI SCADA System

“Spectra” Suite:
« VVC
* Emap (SCADA GIS)

* Load Flow

Capacitor
Control

SCADA

N

Substation
Y

Substation
Z

=
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NEW - “DYNAMICVR” INTEGRATED WITH AMI }

AMI DVR VVC Geographic
Information
SCADA System (GIS)

" Ca pacitor )
Banks
Bellwether A A A
AMI Meter Voltage
DD D regulators
\ S J
Grid Voltage Grid Voltage
Monitoring Control
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BELLWETHER LOCATION STRATEGY

Lower Voltage at Meter — Drivers: Cluster — neighborhood
e End of Line — longer travel through distribution system high aggregate load on tap
e Cluster of load — higher load concentration on tap line

Feeder * Long secondaries — higher voltage drop from transformer to meter o

* High load k(tTLJﬂ

Substation Feeder

e

Feeder Closer to Substation ‘% g_

* Small transformer
* Long secondary ulu Voltage variance —

“End of Line”

* Cluster same transformer

* High load
typical load, Low voltage:
good voltage * High load

* Long secondary
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BELLWETHER CONTROL ZONES

Residential transformer &
Control Zone 1 L bellwether meter (typ)
(from substation circuit) 3 @

Includes all feeders to end of
line, or to line regulator

Feeder

Substation ‘ hecet] '
Transformer Substation ;

Bus

Feeder

Substation VCD

Line
—E g' Regulator

Control Zone 2
from line regulator
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BELLWETHER DATA

5 minute “average” voltage readings VVC Module | || AMI
v
Transferred every 5 minutes SCADA Core DEAE S
SCADA “refresh” read and operate AMI mesh
— 20 minutes
Feeder Eg—
LTC / Reg
N
Read voltage | Calculate LTC | Execute —{ Read voltage || In target y ” Stay
“setpoint” control to LTC band?

f
Line impedance

System Load
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DVR OPERATION

124
122 .

120

Johnsville Substation DVR

118

% demand reduction

L4 10/30/19 CVR Ratio: % voltage reduction
112 18:51731021026’ S5
110 . Winter .75
19:30
17:30
— Substation Voltage Meterl —Meter2
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CONNEXUS TOTAL DEMAND
summarized data | 16:46 U ntltled
303.6 19391
301.3
297.3 _
293.4
ACS Anoka
ATH1IST
ATH2 CPC
16:58

Untitled

303.7 —




PERFORMANCE

48 Substation Transformer Base

VR range achieved (%) 0-4.0% 0-4.3%
VR system wide weighted average (%) 1.6 - 2.0% 20-3.0%
Total System Demand Reduced (%) 1.2-1.4% 1.4—-2.4%
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WHAT HAPPENS IF... ??

Bellwether meters stop reporting...

Data link from AMI to SCADA breaks...

One meter stops reporting, value goes to zero...
Communications go down??

Receive voltage complaint...
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DISTRIBUTION UPGRADES / TECHNOLOGY

Distribution System Improvements to Enhance VR Ability
* Regulators
e Capacitor banks

IT Network

 Alarming Enhancements — Bellwether data link, data quality

DVR Operations - Technical Support

Post Operation Analytics
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WRAP UP

Questions O
|

Discussion
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