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Volt/VAR Controland Optimization Conceptsand Issues

Bob Uluski, EPRITechnical Executive
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Source : PCS Utilidata


	
8/12/2019 EPRI VoltVAR Control

6/58

( )

6 2011 Electric Power Research Institute, Inc. All rights
reserved.

Constant Impedance Load

Evaluation of Conservation VoltageReduction (CVR) on a
National

Level; PNNL; July 2010
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Efficiency improvefor small voltage

reduction

Incremental changein efficiency dropsoff and then turns

Efficiency Current 2
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is reduced

Negative effectoccurs sooner for

heavily loadedmotors

Voltage Voltage
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Recent results

Despite trend toconstant power,reported resultsare still
prettyfavorable
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Effect of CVR on kVAR is moresignificant than on kW

kW CVRf 0.7

kVAR CVRf 3.0
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Summary of Voltage Optimization Benefits

Voltage optimization is a veryeffective energy efficiency
measure Demand Reduction - 1.5% to 2.1%;

Energy Reduction - 1.3% - 2% Painless efficiency measure for

utilities and customers Cost effective Leverage existing

11 2011 Electric Power Research Institute, Inc. All rights
reserved.

equipment Short implementation schedule Reduce number of tap
changer

operations Improved voltage profile Early detection of:

Voltage quality problems Voltage regulator problems

EPRI PQ/Smart DistributionConference & Expo June 2010
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Sensor

Capacitor Bank

StandaloneController

Distribution Primary Line

"Local" Current/Voltage

Measurements On/Off Control

CommandSignal

Sensor

VoltageRegulator

StandaloneController

"Local" Current/Voltage

Measurements On/Off Control

CommandSignal
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Processor

RTU

End of Line

VoltageFeedback
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VVO/CVR

Voltage Profile

120

122

124
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rocessor

RTU

P = 3846 kW

Q = 1318 kVAR

PF = .946

Losses = 96 kW

116

118
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VVO/CVR

Sample Rules:

1. Identify candidate cap banks for switching

Cap bank i is currently off

Rating of cap bank i is less thanmeasured reactive power flow at
head end

of the feeder

19 2011 Electric Power Research Institute, Inc. All rights
reserved.

rocessor

RTU

P = 3846 kW

Q = 1318 kVAR

PF = .946

Losses = 96 kW

2. Choose the candidate cap bank that has thelowest measured
local voltage

3. Switch the chosen cap bank to the ON position

1 2 N
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VVO/CVR

Voltage Profile

120

122

124
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rocessor

RTU

P = 3846 kW

Q = 1318 kVAR

PF = .946

Losses = 96 kW

Chosencap bank

116
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VVO/CVR

Voltage Profile

120

122

124
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rocessor

RTU

P = 3880 kW

Q = 920 kVAR

PF = .973

Losses = 91 kW

Chosencap bank

116

118
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VVO/CVR

Voltage Profile

120

122

124
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rocessor

RTU

P = 3920 kW

Q = 687 kVAR

PF = .985

Losses = 89 kW
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VVO/CVR

Voltage Profile

120
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124
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rocessor

RTU

P = 3940 kW

Q = 532 kVAR

PF = .991

Losses = 88 kW

116

118
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2: ( )

VVO/CVR

Sample rule for voltagereduction:

1. If voltage at head end ofthe feeder exceeds LTCsetpoint, then
lower the

voltage

25 2011 Electric Power Research Institute, Inc. All rights
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RTU
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VVO/CVR

Voltage Profile
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rocessor

RTU 116

118

0 0.25 0.5 0.75 1


	
8/12/2019 EPRI VoltVAR Control

27/58


	
8/12/2019 EPRI VoltVAR Control

28/58


	
8/12/2019 EPRI VoltVAR Control

29/58

( )

2: ( )

VVO/CVR

Voltage Profile

120

122

124
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rocessor

RTU

End of LineVoltage

Feedback

P = 3778 kW

Q = 492 kVAR

PF = .992

Losses = 88 kW
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VVO/CVR

Voltage Profile Before and After

120

122

124
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rocessor

RTU

End of LineVoltage

Feedback

P = -41 kW (1.05%)

Q = -809 kVAR (61%)

PF = +.045

Losses = -8%Changes:

116

118

0 0.25 0.5 0.75 1
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( ) Switch

StatusVoltage Feedback,Accurate load data

Bank voltage & status,switch control

34 2011 Electric Power Research Institute, Inc. All rights
reserved.

Bank voltage & status,switch control

Monitor & control tap

position, measure loadvoltage and loadMonitor & control
tapposition, measure loadvoltage and load

time monitoring &control of sub &feeder devices
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Cuts, jumpers,manual switching

Real-TimeUpdates

35 2011 Electric Power Research Institute, Inc. All rights
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Permanent asset changes

(line extension,reconductor)

IVVC requires anaccurate, up-to date

electrical model
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OLPF calculates
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osses, vo tage

profile, etc

Powerflow

Results


	
8/12/2019 EPRI VoltVAR Control

37/58

( )

Determines optimal

37 2011 Electric Power Research Institute, Inc. All rights
reserved.

Powerflow

Results

AlternativeSwitching

Plan

actions to achieve a

desired objective
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Auto-Adaptive Volt VAR Optimization

processes real-time distribution system information to determine
appropriate volt-VARcontrol actions and provide closed-loop
feedback to accomplish electric utility specifiedobjectives

uses advanced signal processing techniques to determine what
control actions areneeded

40 2011 Electric Power Research Institute, Inc. All rights
reserved.

Courtesy ofPCS Utilidata
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Auto-Adaptive Approach

Strengths Does not require models or predetermined rules Highly
scalable (one substation or many)

Weaknesses

41 2011 Electric Power Research Institute, Inc. All rights
reserved.

mystery


	
8/12/2019 EPRI VoltVAR Control

42/58

f f


	
8/12/2019 EPRI VoltVAR Control

43/58

Proof of Concept:What is it? and Why Do it?

What is it?: Typically a small-scale CVR

demonstration on a fewrepresentative substations Live operation
on real feeders Close observation of the results

From EPRI Green Circuits

43 2011 Electric Power Research Institute, Inc. All rights
reserved.

that are achieved

Why Do It? Not all feeders are created equal Will CVR work as
well on my

distribution system?
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Objectives for Proof of Concept

Primary Objectives:

Show that CVR produces benefits withoutcustomer complaints Show
that it works before making the plunge

44 2011 Electric Power Research Institute, Inc. All rights
reserved.

Secondary Objectives: gain valuable implementation and
operating

experience

compare vendor solutions

M t d V ifi ti
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Measurement and VerificationCVR Impact on Energy
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M t d V ifi ti
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Measurement and VerificationCVR Impact on Demand

46 2011 Electric Power Research Institute, Inc. All rights
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A simple approach flip the switch
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A simple approach flip the switch,measure instantaneous
response

Basic approach to determineCVR/VVO benefit Lower tap setting by
one

position on LTC or Voltageregulator. Measure the change in
load

Problem with this a roach

47 2011 Electric Power Research Institute, Inc. All rights
reserved.

Initial response to voltagereduction is significant drop
inload

Load reduction benefit usuallydrops off with time

Devices that run off athermostat just run longer Loss of load
diversity

A simple approach flip the switch
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A simple approach flip the switch ,measure instantaneous
response

Basic approach to determineCVR/VVO benefit Lower tap setting by
one

position on LTC or Voltageregulator Measure the change in
load

Problem with this a roach
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Initial response to voltagereduction is significant drop
inload

Load reduction benefit usuallydrops off with time

Devices that run off athermostat just run longer Loss of load
diversity


	
8/12/2019 EPRI VoltVAR Control

49/58


	
8/12/2019 EPRI VoltVAR Control

50/58


	
8/12/2019 EPRI VoltVAR Control

51/58

S&C/Current Group approach to CVR/VVO M&V

Use Powerflow program to determinewhat would have happened
ifCVR/VVO was not running Most recent SCADA real/reactive

power measurements Load allocated from standard load

On-LinePower Flow

Prev SCADAMeasurements

LoadAllocation

Model

What wouldHave ha ened

51 2011 Electric Power Research Institute, Inc. All rights
reserved.

pro es or eac cus omer c ass

Voltage regulators and switchedcapacitor banks use
standardcontrols

Compare power flow output withactual measures while
runningCVR/VVO

Difference

CVR/VVO

What actuallyhappened

SCADA

CVR/VVOBenefits
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CVR/VVO Time On Time Off Demonstrations

Approach summary: Turn CVR/VVO ON for period of time and record
results

Turn CVR/VVO OFF for similar time period and recordresults
CVR/VVO Benefit is difference between the two

52 2011 Electric Power Research Institute, Inc. All rights
reserved.

TIME MW MVAR VOLTAGE CVR On/Off01:30:00 1.5351 -0.6036
123.9707634 Off01:45:00 1.626 -0.6147 123.9192437 Off02:00:00
1.7889 -0.6281 123.7390301 Off02:15:00 1.6447 -0.649 118.846097
On02:30:00 1.7859 -0.6947 119.0263457 On02:45:00 1.5786 -0.6539
118.8975816 On03:00:00 1.8166 -0.7025 118.9490662 On

CVR/VVOOFF

CVR/VVOON
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CVR/VVO Time On Time Off Demonstrations

Issues: Easy to see benefits if load is nearly the same for the
2

time periodsDay On- Day Off Results - Consecutive days

MEGAWATTSSample from

Green Circuitsro ect

53 2011 Electric Power Research Institute, Inc. All rights
reserved.

1

1.2

1.4

1.6

1.8

2

2.22.4

0 10 20 30 40 50 60 70 80 90 100

1/4 Hours (96 1/4 hours - 1 day)

CVR Off

CVR On

ff
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CVR/VVO Time On Time Off Demonstrations

If natural load fluctuations occur, results are corrupted: Load
variation due to temperature Random (stochastic) customer behavior
Feeder outages, load transfers

Weekday/weekend, holidays Need to exclude outlier data (missing
data, bad data) that can distortresults

CVR/VVO Da On - Da Off Results Sample from

54 2011 Electric Power Research Institute, Inc. All rights
reserved.

Consecutive Days

0

0.5

1

1.5

2

2.5

1 9 1 7 2 5 3 3 4 1 4 9 5 7 6 5 7 3 8 1 8 9

Quarter hours

L o a d

M W

CVR On

CVR Off

reen rcu sproject

T h i f d li i h fl i
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Techniques for dealing with fluctuations

Exclude all missing and obviously bad data Exclude all data for
weekends and special days (holidays)

Normalize load to adjust for day to day variations due to:
Temperature/weather changes

55 2011 Electric Power Research Institute, Inc. All rights
reserved.

Two strategies CVR Protocol Number 1 (developed by David Bell of
PCS

Utilidata) used by Northwest Energy Efficiency Alliance
(NEEA)

EPRI Green Circuits analysis (developed in cooperation with
DrBobby Mee of Univ Tenn.)

T h i f d li ith fl t ti
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Techniques for dealing with fluctuations

Exclude bad/missing dataand data for special days

Perform statistical analysis toidentify and eliminatepotential
outliers data.(Minimum CovarianceDeterminant (MCD) RobustRegression
)

NEEA

kW = 0 + 1 * hdh + 2 * cdh Where: hdh = heating-degree hours

cdh = cooling-degree hours

56 2011 Electric Power Research Institute, Inc. All rights
reserved.

Normalize the load: NEEA

Adjust for temperaturevariations

EPRI Green Circuits Adjust based on another

circuit with a similar loadcomposition Similar circuit cannot
be

affected by voltagereduction on CVR fdr

EPRI GREEN CIRCUITS

kW = k 1 * kW comparable + k2 * V state Where: kW comp = avg
power measured at acomparable circuit

V state = 1 for normal voltage, 0 forreduced voltage

2 methods for determining what load

would have been without CVR

Some other points about POC
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Some other points about POC

Should pick substations that include representative
feederdesigns and customer mix

POC time period should be long enough to captureseasonal
variations

57 2011 Electric Power Research Institute, Inc. All rights
reserved.

CVR control system used for POC doesnt necessarilyhave to be the
final vendor solution
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TogetherShaping the Future of Electricity

58 2011 Electric Power Research Institute, Inc. All rights
reserved.
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[email protected]

215-317-9105
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