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OVERVIEW OF ELECTRIC POWER
DISTRIBUTION NETWORK
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ELECTRIC POWER DISTRIBUTION NETWORK
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CONCEPT OF VOLT/VAR CONTROL
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TRADITIONAL VOLT/VAR CONTROL

“+Volt/VAR Regulation through Voltage Distribution at feeder length

tradtional devices such as: .
>Step Voltage Regulator (SVR) B
»Capacitor Banks (CB) et ﬁ L A e
+Using Line drop compensation m., o

+ Consumer-1
Mechanism in open loop L A S S S
H NOrm '

. al "/Oit e}
L 10 &
0963

Lower limit

-

Consumer-2 S EITEE

Drawbacks :
v'Poor voltage profile at end users

vInaccurate load modeling
v'Poor observability and monitoring

of the system Distance: Per Unit Length of Feeder (KM)

USER SPOTLIGHT SERIES BY llll!i;[lllgs



SMART VOLT/VAR CONTROL

“*Volt/VAR Regulation through tradtional devices and utility assets such as
distributed energy resources (devices as: Smart Inverter)
“*Using Volt/VAR Optimization (VVO) Methods in closed loop framework

v Healthy service voltage
v Optimized the set points

v High observability and
monitoring

v AMI data enabled load model

v' Closed loop control
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TIME HORIZON CONTROL
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MULTI-TIME SCALE CONTROL

Slow and Fast Time Scale Control using network devices/assets
» Slow acting devices : OLTC, SVR and CBs
> Fast acting devices: Smart inverter

VVC Time Scale
—® OLTC & CB -===% AVR & Smart Inverter

BT I I
A i -

2
> o 6 o o N

1] 2

4

- - - — i — == - T|me Scale (24 hour) e e e e e — [

USER SPOTLIGHT SERIES BY




CONTROL FRAMEWORK

Slow Time Scale Control
(STSC)

Ti
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Control method
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Aggregated approach: Centralized/Decentralized Control

Fast Time Scale Control
(FTSC)

Time

duration

—

* Up to few seconds

VVO

Schedang;

Smart Inverter

Control method

Autonomous Approach: Distributed/Local Control
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METHODOLOGY

Centralized with local control Framework

Slow Time Scale Control (STSC)

Centralised MP VVO: Aggregated control

Input data

STSC : Centralized
° ° . Networl data MP VVO based stochastic optimization
M Od e I P re d I Ct Ive VVO * Load model — Control variables Lt Outom data

¢ Forcasted load and PV T t Qr Qr,im-‘ Linv (Control set points)
output P> Xjch? i pv 2 ZiEV

FTSC: Local using
Droop Control '

Time Scale
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Fast Time Scale Control (FISC)

Local control: Autonomous control

Real time Receive STSC Determine Available Enable Volt/ VAR
AMIdata inverter set points reactive power droop controller
Start > y > ——b@
at POC of d,hw PP s A Om;can
R Cipr/Er “Pr/EV I rr/EV G S
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Fast Time Scale Control (FTSC)

» Unexpected situations such as

v'Sudden dynamic change in network configuration

v Transient cloud movements

 Sudden clou | G | Solution:
u enc':ou appearing and disappearing Decentralized/
v 5olar eclipse autonomous controls
Consequently, it may cause violation of system limits. using Smart Inverter
» Traditionally, VVO control devices limitation:

v'OLC, AVR and capacitor banks (CB) have slow time operation
constraints
v Frequent operations of these devices will reduce their life

cycles.
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VOLT/VAR DROOP (VVD) CURVE : LOCAL CONTROLLER

vThe revised I|EEE 1547 (2018) Standard Volt/VAR droop Curve

report that each DER must have

VAR compensation provision when Qmax h  Slope u

asked by power system operators |

Vp.u
Vmax

v'The standard droop function f(.) at

kth bus that is a piecewise linear o WY SERURRN,

I‘nlhv =%

function with a dead band @)
B and droop points (P1,P2,P3 and P4)
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REAL-TIME IMPLEMENTATION

USER SPOTLIGHT SERIES BY




IMPLEMENTATION OF CONTROL ALGORITHMS

RTDS Platform
Hardware

| RTDS |

» Local Control using volt/VAR
droop methods in real-time Software

RSCAD/Visualization
> Centralized with local control in ‘ in Run time \

near real-time

Network |

Connection |
(Ethernet)

Realizing using Real-Time

Digital Simulator (RTDS)
Platform

Distribution Mode J
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LOCAL CONTROL : AUTONOMOUS APPROACH

RTDS Platform

[Dynamic Voltage control in}

1 £ Feeder Model
FTSC using Smart Inverter _ 5| [Networkassets] I &
? I:.’E'..l__ % Loads o
. @ Pvw Plants =
> A Volt/VAR droop control algorithm = o controne] BNE
executed locally in real-time Control &
. Signal
> |nverter based DER Model using l_____lfc;c_a_l_c_c;_r*l_t_ral____]:
|
Average mOdEI i — Droop Controller i
. . . . = Yolt/ vYAR curve I
»Simulation time step of 150 micro- s E| Y |
=2 S i .
seconds in distribution mode i N R |
| |
! j

- —
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CASE STU DY AN D Test System: Modified IEEE 34
SIMULATION bus unbalanced test system

Cases: "

Cloud transient impact during solar irradiations y 52 846 N
form 0.8 p.u. to 0.3 p.u: I m.g
> In absence of EV loads b i ESH*A*RT%N"G @
> In presence of EV loads | | [
v Three, 3 phase PV plants at nodes 848 (PV1),
890 (PV2) and 840 (PV3) having inverter 0 w =3 888, 890 ;
ratings  200kVA, 300kVA and  200kVA o
respectively i

. |
828 830 854 8%

Node 890 voltage is highly vulnerable for any reduction in DER power output

Shailendra Singh, Vijay Babu P, and S. P. Singh, “Time Horizon-based Model Predictive Volt/VAR Optimization for
Smart Grid Enabled CVR in Presence of Electric Vehicle Charging Loads”, in IEEE Transactions on Industry
Applications. doi: 10.1109/TIA.2019.2928490, 2019.
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MODEL DEVELOPMENT IN RSCAD/RTDS
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CASE I: CLOUD TRANSIENT IMPACT IN ABSENCE

OF EV LOADS:

Lowest voltage profile without and with PV Inverter reactive power compensation
droop controllers without and with droop controls
Voltage without droop controllers  Voltage with droop controllers Wiéhfmﬂﬂ controller Gsupport Without droop controller Gisupport
m‘gg_L e : I
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= |
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CASE II: CLOUD TRANSIENT IMPACT IN PRESENCE

OF EV LOADS:

Lowest voltage profile with PV and EV Compensated VAR support from PV2
inverters VAR support and EV inverter at node 890

voltage with PV inverters onl vnltage with PV and BV inverters
0958 -

support with P2 inverter only @ suuport with BV inverter anly
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CENTRALIZED WITH LOCAL CONTROL

——————————————————————————————————————————————————————————————————— 1
\ Power System Model

Voltage control in | o p——
bOth STSC and FTSC i — Networl - E 'Network Assets :E-?: 5 E
using Traditional || \pometen, /(S g Ltoate P
VVC and Smart i E Set Points = VWO controller ;‘" § i
Inverters i 8 = |9 . Control § |

- ] = § 12 Slenal |

£ & B Tg | local Control | |

| © [evhon diem | g erocpconwaer |}

: : | ADMS T £ R
Using Real-time / RN |
co-Simulations | | Ol [
Platform | I— |

USER SPOTLIGHT SERIES BY HII!R;[PQS



REAL-TIME CO-SIMULATIONS
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REAL -TIME CO-SIMULATION PLATFORM

Real Time Co-Simulation Framework

Co-SimUlations

Socket Server .

RT D S u Pyt h on - 0 pe n D Ss Power System Model Power Grid .
RSCAD/Visualization Real Time Simulation

(RTDS)

in Run time Network

Connection

>Real-Time Simulation using RTDS

v Distribution mode with time step of 150 -
micro-second

»>External Agents

v Python and OpenDSS g=ronror

>»Communication Interfaceand -- - - -0 —— —————

Load Flow Solver
v’ Socket Communication
v ListenOnPort Interface
v'Uses TCP/IP Protocol

coM
Interface

—
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IMPLEMENTATION VIA THREE LAYER DISPATCH MODEL

Scheduling Layer

3 Autonomous Control
VVO solution
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TEST CASE STUDY:

Cases:

Distribution Feeder

® o

STSC: Forecasting Error Impact 1 BT gy

FTSC: Cloud Transient Impact 1 & e

> PV Plants Rating: Clamt otes
PV1:. TMVA, »—92 ¢le o
PV2: 800KVA, e s Al
PV3: 400KVA,

» Load Model:

Constant ZIP load model

3000

10

10!

10

Modified IEEE 123 Node Unbalanced

114
113

112
109 ¢

111

106 107
——0@

02 103
104

197

97 98 99 100 67
*—0—9©

» Mode of VVC operation
= Predictive VVO method

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

' Shailendra Singh, Vijay Babu P, A K, Thakur and S. P. Singh,. "Multistage Multi-objective Volt/VAR
. Control for Smart Grid-Enabled CVR With Solar PV Penetration." /EEE Systems Journal,2020
(Early Access).
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LOAD AND SOLAR

e | 0ad Demand (p.u) = Solar Irridiance (kW/m"2)
IRRADIANCE PROFILES 1 0
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RUN TIME WINDOW IN RTDS
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ONLINE VALIDATION UNDER STSC: CORRECTIVE ACTION

The MPC based VVO reduces about 3.66% energy demand and 1.69 %
energy losses in one hour CVR duration

e==@= [VIW Power Demand without VVO
2 = % = MW Power Demand with VVO

1.8

1.6

1.4

MW Power Demand

1.2

1
14:00 14:15 14:30 14:45 15:00

Time (Hour)

 Active Power Demand

—o— KW Power losses without VVO
= ¢ = k\W Power losses with VVO

N
w

20
14:00 14:15 14:30 14:45 15:00

Time (Hour)

Active Power Losses

Table : VWO Set Points change

*NC, (Hourly)
OLTC
CB NC, (Hourly)
AVR NC 1 2 NC
PV (Q)
Inverter NC NC NC NC

*NC — No change required.
Already at optimal state
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ILLUSTRATION UNDER FTSC: EMERGENCY ACTION

Case Study:

Case I: Sudden cloud transient Appearance:

» An arbitrary instantaneous point between time intervals from 14:00 to 14:15 is
selected.

» The load demand is 1.0 p.u., and solar irradiation is 0.81 kW/m? at this instant.

» The solar irradiation reduces from 0.81 to 0.1 kW/m? because of the sudden
appearance of cloud transients.

» During this time span, the lowest voltage profile at Node 114a becomes vulnerable

to any reduction in kilowatt power.
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AUTONOMOUS REAL-TIME CONTROL : ADAPTIVE VVD

Selection of VVD curve:
» Traditional VVD control have fixed droop and uncontrol parameters hence may not able to

control voltage properly

» An adaptive VVD controller has been introduced in which droop parameters are adopted

according to the operating scenario.

> The new droop parameters (P1new1' I:’1new2, I:’Znewz, I:,3new1, I:)3neW2, I:’4new1 and ID4new2) are ﬂeXibIe

and adaptive in nature using propoAsed control strategy.

Pinew1 P1 P1new2

Qmax—— Q\@ ........ Rdiaptive droop.
Volt/VAR droop (VVD) g PRV
characteristics s | & N P Volage.ny

s £5

-ana < e -
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Solar Iiridance

CASE I: SUDDEN e
APPEARANCE: n =
g 0.8333; | Ppv1 Ppv2 Ppv3

Subcase-1: £ _os Sh
Single PV power Outage e | —

(b)
Fig. Real-time simulation results for T e ] —
Subcase 1 § asas —— _
(a) Solar irradiation reduction % 0.94667
(b) Active power production profile under = fa -
ClOUd tranSient (Only PV1) | No_VVvD fixed vvm,()C) adaptive VVD
(c) Lowest voltage profile at node 114a with el i
No_VVD, fixed VWD, and with Adaptive VWD S o.ceeer ————
control % 0.33333
(d) Reactive power compensation through & o
only PV1 system under No VVD, fixed VVD and - . - R .. - e
with Adaptive VVD control ()
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Subcase-2: Multiple PVs power Outage

QpviEé No VVD Qpvi1Ed Fixed VVD Qpv1E Adaptive VVD
1

0.83333
0.66667
0.5

Ppv1 Ppv2 Ppv3

Reactive Power (MVAR)

,
= 0.833331—|__L\_L 0.33333
g 0.66667 1 : I 0.16667
= 0
% 0.5-‘_—'_——‘_[___\_ ' (a)
3‘(‘2) 0.33333 =45 o L - T T 1 ) Cov? @
0.16667 ‘_\____‘_\ﬁ_a g 233"
o (a) % 0 66667 1
No VVD Fixed VWD Adaptive VVD ‘§ - ,0 ”
0.96 = 0.33333
——_— & o0.16667
;?:‘; 0.953331 = - ‘ . ‘ _ (;))
s RS — ' Qpv3 @ No VVD Qpva @ fixed VVD _ Qpv3 @ adaptive VVD
= 0.94667 i N ,0“
1_%—'— | g S
= 0.94 % - 0.2
o 20 40 60 80 100 120 2 0.13333 _ {.P—F==
Time (seconds) ‘:’ 0.06667
(b) - 0
o 0 20 40 60 80 100 120
Fig.1 Real-time simulation results for Subcase 2 ey
(@) PVs Active power production profile under cloud Fig.2 Reactive power compensation through
transient (a) PV1 (Qpv1) (b) PV2 (Qpv2) (c) PV3 (Qpv3)
(b) Lowest voltage profile at node 114a with No_VVD, system under No VVD, fixed VVD and with
fixed VVD, and with Adaptive VVD control Adaptive VVD control
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CASE IIl: SUDDEN CLOUD Voltage at PV3 node No control,
TRANSIENT DISAPPEARANCE: with fixed droop and with

adaptive droop control

» An arbitrary instantaneous point between

.08

time intervals 15:00 to 15:15 is selected.
> The load demand is 0.40 p.u., and solar lsad
irradiation is 0.41 kW/m2 at this instant due Fi06RaT
to cloudy weather. =
» The sudden cloud disappearance and solar g e
irradiation vary from 0.41 to 0.8 kW/m2 S 0.973913
» The PV3 power plant located at 104c is most
affected and it violates the maximum voltage ARt
limit (1.02 p.u) at point of connection. 0.94
» Other PV power plant voltage remains within 0 5 10 15 20 25 30
range. Time(seconds)
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CONCLUSION AND FUTURE WORK
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CONCLUSION

» Multi-time scale VVC scheme comprising centralized as well as local control is
suitable for voltage regulation.

» Time-Horizon based MP-VVO along with droop controller works well under
aggregated and autonomous controls.

»The developed control methodology is proficiently capable of handling the
disturbances (uncertainty and intermittency) of the active distribution networks.

> Adaptive VVD controller can handle the voltage fluctuation under changing
operating scenarios

»The developed real-time co-simulations platform using the RTDS (distribution

mode) could be useful for the study of large-scale practical distribution systems.
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NEXT STEPS

» Models and control algorithms are scalable for Microgrids Applications

»Validations of algorithms in Controller Hardware in loop (CHIL) and
Power Hardware in loop (PHIL)

» Real-Time co-simulations platform for Integrated Transmission and

Distribution System
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