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Abstract — Commonly, voltage regulators and capacitor
banks are used as control devices for voltage and reactive power
(volt/VAr) control in distribution system. A specific mechanism
can be developed using volt/'VAr comtrol for emergy savings
known as Conservation Voltage reduction (CVR). Active
distribution system with high penetration of distribution
generations (DG's) offers additional mechanism for voltVAr
control. The unique contribution of this paper is development of
a computational algorithm for intelligent volt/VAr optimization
and control of complex distribution networks with active
participation from DG's, to maximize overall network energy
savings through CVER. Proposed wvolt/ VAr optimization
problem is solved to find the optimal voltage regulator settings,
switched capacitor states and voltage magnitude of DG
controlled bus. This work presents a unique coordinated
volt/'VAr architecture that can find application in Distribution
Management System (DMS). Particle Swarm Optimization has
been used, givem compatibility with combinatorial variables,
robusmess in solving nonlinear optimization problems and ease
of implementation. The results have been validated against am
exhaustive search strategy for the IEEE 13 bus and TEEE 37 bus
distribution system and also using commercial distribution
software SynerGEE. Results are also presented for a utility
feeder with detailed analysis.

asrivasti@escs wsn.edu

support the grid with additional reactive power at the point of
common coupling. The IEEE 1547 standards form the basis
for DG interconnection into the distribution network. In
accordance with these standards, DGs should maintain a
constant power factor close to unity at PCC. Additional
switched capaciter bank support is allowed in order to meet
this requirement [11]. Although these standards prohibit
active voltage regulation. it 1s permissible to perform voltage
regulation if a mutual agreement between the utility and DG
owner exists [6]. Depending on the size of the DG, they can
be operated either in power factor control mode, voltage
control mede or voltage regulation mode [6]. Currently, the
smaller DG units are controlled in power factor control mode,
while the larger units generally operate with voltage control
[1]. In the power factor control mode, the power factor is
mamntamed wmity at Point of Common Coupling (PCC), by
medeling as a PQ bus with negative current injections.
Voltage control mode maintains voltage of PCC bus at a
constant value, generally 1 p.u, whereas voltage regulating
mode allows for active voltage regulation at the PCC bms,
thereby accommodating additional VAr support in the
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multi-objective scenario based volt"Ar confrol algorithm is
prapaosed in [1§] which accoumt for the stochastic behavior of
renetable technologies while optimizing the netrrork with
capacitor banks and load tap chanping mansformers solbved
using the modified teaching leaming algorithm. Synchronous
distributed zeneration is considered in a coerdinated control
sirategy with capacitor states and lead tap chanpers to
minimize network losses in [17]. The authors in [15] discuss
new oppoertmities in DMS applicatons of voltVAr control
and feeder reconfiruration. The work m [19] proposes an
algorithm to alleviate voltage control problem when installing
distributed peneration. The work m [20] proposes an
optimizad distributed control approach based on sensitivity
analysis and on deceniralized acdvefeactive poTer
regulation which mies to minimize network losses and
reactive power exchanged betneen the DiG and disoibution
network. The suthors of [21] modeled the velt"VAr problem
in a stochastc framework by proposing a method o regulate
the voltage profile of the operation planning the distribution
netmark.

While developing a volt™VAr control scheme for an active
distribution system, the operating characteristics of DG umits
and the complex behavior of different DG conirol modes
should be taken into account to better understand their mpact
on the netvork state variables. Further there is a need to
coordinate and conmel all VAr sources by accounting for the
impact of DG parameters as a contool variable in the problem
formmlation, while identifying the optimal operating states of
the other comitol devices which mclode the switched
capacitor states and voltage regulator serings [22, 23], Most
of the existing works focus on power factor conrol mode of
operation, while optimizing the distribution netork

Orignal contributions of this paper are development of an
intellizent computational algorithm for coordinated velt™ Ar
conirol considering the impact of different control modes of
DG operation, while maximizing the energy savings of an
active distribution system. Enerpy saving is achieved by
lowering the wvoltage along the feeder vith flatter voltage
profile but keeping the voltage within allovable limdts. Load
consumption by voltage dependent load reduces by lowering
the voltage and this mechanism is kmovn as conservaton
woltage reduction (CVE). The problem has been solved for
capacitor placement for any given feeder, and the operational
stage by coordinated voltage contol for maximum enerzy
savings. MNote that, this paper is forused on techmical aspects
and economic aspects have not been considered. During the
capacitor placement stage, capacitor locatons are determined
using waditional loss semsitivity analysis. During operational

the voltage regulation mode, the voltage of the generator bus
at PCC is added as a control variable into the optimization
problem. Hence, in addition to switched capacitor states and
VR seftings, the optionmm DG opersting voltage is
determined that maximizes the network energy savings.

The developed optimization algorithm has been tested on
the IEEE 13 bus and IEEE 37 bus distibution test feeders.
Cases have been simmlated with DG integration imte the
netwark, whils identifying potential energy saving benefits of
each DG mode of operation. The obfained results with and
without MG are then validated using a commercial
distribution planning tool, SynerGEE [24].

I PROBLEM FORMULATION
In this work, the overall emergy savinps of the active
distribation system are mawimized while detenmining the
optimal operating states of different conrol devices. Enetzy
savings can be realized in the form of KW enargy savings, or
EVA energy savings. The objective function is defined as
follows:

Poysremaame cane — Faystem;

Maximize EF = 100%,
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Where ES denotes the energy savings. Popsrem,,,, .0
represents the KW results obained after solving the basae case
power flow without volt™VAr control, and Fyyepe, denotes
the KW power flowr results obtained for each ‘™ possible
operation with volt! VAT conmal
The objective is subject to the following mequality
Constraings

Vit = i e 2
il M
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0.95 lagging = FF; {3
0.98 leading = PF, {6)

Where

V; = Bus volage for ** load bus.

V; = Bus velmga for j™ DG bus.

;= Raactive pamer for 75 DG bus.

PF= Power factor for i*" load tus.

PEAY — Calculated real povrer for i load bus, “o” phase
5= Apparent power for {*0 load bus, “:” phase

[T S
PF = (Ff ))'I(..';? M
The equality consains are the power flow equatons.




