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ABSTRACT

Nowadays, fossil fuels reduction, environmental
impacts, transmission line and substation congtmct
costs, economic and technical efficiency, are legdo
increase distributed generation such as renewable
energy sources (RES). RES are connected to
distribution networks (DN), so we don’t need to
transmission equipment. But the reverse power flow
from RES causes to change operation method. As we
know weather condition have influence on output ow

in RES. Conventional control methods are not wlsef
for operation and bus voltage variation damage
equipment of network and customer. So we see \ltag
control is important in DN with RES. So developiing
communicating, smart sensors and distribution nekwo
automation is made possible for real time controthis
paper we propose a real time voltage and reactwep
control in distribution network considering RES.sAl
fuzzy sets theory is combined with partial swarm
optimization algorithm to solve the multiobjective
voltage control problem.

INTRODUCTION

In recently years, because of fossil fuels redactiad
earth thermal problems using of RES has grown. For
some reasons such as transmission lines loss redluct
high reliability and economic problems, Most of RES
are connected to DN. With connection of RES to DN,
these networks convert into active networks andt@bn

of these networks is not possible with conventional
methods [1]. One of the important problems in these
networks is voltage and reactive power control. allgu
distribution voltage control is done using On LdEap
Changer (OLTC), Voltage Regulators (VR) and shunt
capacitors (SHC). Extensive researches have bess do
about voltage control in DN. In reference [2] hasei
studied central voltage control. Also in referefiglehas
been studied coordination between local and central
controllers. In reference [4] the impact of disttiion
generation on main transformer tap performance has
been studied. in mentioned researches voltage atontr
problem has been solved in single-objective method.
Nowadays power grid automation and use of smart
metering devices allow to have real time voltagetic
transmission network real time voltage contrahgs
fuzzy logic is done in [5] .also in [6]has beersdribed
distribution capacitors real time control methadsthis
paper we propose real time voltage and reactiveepow
control method in DN with coordination of RES , VR
OLTC, Static Var Compensator (SVC) and SHC. In
this method state estimation has been done hoarly t
determine state variables. Also using fuzzy theamg
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Max, Min operators, voltage control problem hasrbee
solved inmultiobjective method.

RENEWABLE
MODELLING

ENERGY SOURCES

Distributed generations can utilize the traditioeaérgy
sources such as oil and coal or RES such as watat, s
and fuel cell and use rotating generators or cdark&to
transfer energy to power grids. In this paper, wind
turbine and solar photovoltaic (PV) are consideasd
RES.The performance of the wind turbines is based on
the conversion of the kinetic energy of wind into
electricity. PVs are arrays of cells containing
material which converts solar radiation intoredt
current (DC) electricity. There are different netsdof
RES according to their operation technology and
connection to the grid. In this paper the RES are
modelled as constant active and reactive load with
simultaneous three-phase control [7].

STATE ESTIMATION

Connection of RES to distribution grids cannot
effectively be made, unless the some especial @ontr
monitoring and optimization tools are available and
utilizable. State estimation in these Kinds of natxe is

the preliminary and essential tool to fulll this
requirement. State estimation can provide effective
information support for Online functions, such as
optimal schedule, security assessment, preventive
control and recon guration [8]. In this paper foeal
time voltage control the hourly load is estimatesitt{ 2
percent error) and the results are depicted inreigu

Figl. Estimated hourly load

PROPOSED METHOD FOR REAL TIME
VOLTAGE CONTROL

The proposed method for real time voltage contsol i
based on simultaneous coordination RES, VR, OLTC,
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SVC and SHC. After receiving information, state
estimation is done in control center to users and

(4)-(10).

operators can get system state such as loads, buses

voltage, line current, etc. If the constraints ai@ated,

the optimization program will be run and variabdesh

as active power of RES, reactive power of SVC, tap
position of VR and OLTC and state of capacitord gl
determined so that objectives are optimized andheil
meet constraints. Figure 2 shows the proposedadeth
concept .In this paper has been assumed that there
reliable and stable communication network
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Fig2. Concept of proposed method

OBJECTIVE FUNCTIONS

The objectives are minimization of Buses voltage
violation, network losses and production active pow
cost. These objectives are formulated in equatin (
(3), respectively.

Nhus
L(X)= M-V @
.
L(X)= R[] (2)
i=1
f,(X)=Pricg" B+ G Ry Ge B ©®

WhereV ™ is reference voltage dth bus;V, is the
voltage ofith bus; Priceh is hourly cost of energy;
P

b IS power generated by grig; is resistance of

ith branch; | ; is the current ofth branch;N, is the

bra
number of branchesX is vector of problem variables;
C,y and C, are the cost of power generation via
RES which include operation and maintenance cost of
these sources. Detailed calculations of these asts
reported in [9].

CONSTRAINTS

The constraints of problem are described in eqoatio

VALIESVARS VAL, (4)
t, <T<t. (5)
Que <Que<QLX ©)
P, ™ <P, < P,,™ (7)
Rye™ < Ry < Rye™ (8)
15[ £ ()™ ©
PF.. £ PFEPE (10)

V™ and V"™ are minimum and maximum standard

voltages;t, ;,andt _ are lower and upper limit of tap

position. Equation (6) describes the constraint of
injection or absorption of reactive power of static
compensators. While equation (7) and (8) repretent
constraint of active power generation of RES. Eiguat
(9) is related to thermal constraint of lines andation
(10) describes the power factor constraint of main
substation.

SOLVING THE PROBLEM

Voltage control in DN is a non-linear mixed-integer
programming. Mathematical techniques are not slgtab
to solve this problem. Therefore, to solve the f@obin
this paper, particle swarm optimization algorithe i
used. Particle Swarm Optimization (PSO) is a Meta
heuristic algorithm developed by “Kennedy’ and
“Eberhart” that simulates the social behaviourdioél
flocking or fish schooling and the methods by which
they find roosting places, foods sources or othéakle
habitat.[10]

FUzZzY MODELLING OF OBJECTIVE
FUNCTIONS:

Three objective functions are considered for vdtag
control of distribution system. These objectivesrdd
have same units. Therefore, according to equafid, (

a fuzzy membership function is defined for every
objective function.[11];
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0 it f003 ™

fo- 1,00

My(x) = W if 7 <f ) <f ™

(11)
1 it 0 EF
Where fqm'n and fqmaxare the minimum and maximum

values of gth objective function, respectively; ands
the number of objective functions. This is led b a
objective functions become non-dimensional and lie
between (0,1). Finally, the optimal solution isesé¢d
according to equation (12) using max, min operators

Optimal solution(X)=max(minfnz, m, m,]) (12)

CASE STUDY

An actual distribution system which is part of Tar
distribution system is used as test system inghjger.
One line diagram of this system in the presenceE®
and other devices is shown in Figure 3. In thisvioek
capacity of installed capacitors is 200 kVAR and
capacitors can be in on-off state. OLTC and VR taps
increase in range of 0.95 -1.05 with 0.01 stepso al
there are two 1 MW wind power plant and one 500KW
solar power station that respectively has beetalies

in 7,9,10 buses. Also Impedance of Over head liges
0.362+j0.348 (Ohm/Km) and the capacity of SVSs is
400 KVAR and has been installed in 10,12 buses.
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Fig. 3 Distribution test system

SIMULATION RESULTS

In this paper for real time voltage and reactiveveo
control, we use estimated hourly load. Also three
scenarios are used to investigate the feasibilitd a
effectiveness of the proposed method. In the first
scenario, no control devices are considered. In the
second scenario, all devices of system (SVC, SHC,
OLTC and VR) are taken into account except RES.
Finally, in the third scenario, all devices of syst
(RES, SVC, SHC, OLTC and VR) are considered.
Figure 4 shows voltage profile at 5:00. In thisditoad
value is 56% pick load and price of energy is 0.035

($/Kwh). Figure 4 shows in first scenario becauserd

is no control device, buses voltage of 5-13 hatated

of minimum standard voltage (0.95pu). In second
scenario the buses voltage hasn't violated of stahd
voltage. But violation is more than third scenattiat
RES are connected to network. Figure 5 shows weltag
profile at 19:00. Load in this time equals to pioad
and price of energy is 0.05 ($/Kwh). In first sceodas
violated of minimum standard voltage. In second and
third scenarios buses voltage are standard. Intithis

in third scenario that RES are connected to network
voltage rising between buses 4, 5 is because ofgihg
tap position to high steps in installed regulatetween
two buses. In third scenario voltage profile is enfiat
than second scenario.

Figure 6 shows voltage profile at 23:00; In thisdi
load is 74% of pick load and price of energy is48.0
($/Kwh) . In first scenario buses voltage of 3-1&sh
violated the standard .In second scenario busdagel

is standard. Voltage rising between buses 4,5daume

of changing tap position to high steps in installed
regulator between two buses. In third scenarioagalt
profile is more flat than second scenario. Tabihdws
objective functions values in three scenarios. When
RES have been connected to network, all of objectiv
functions values such as buses voltage violatimsses
and cost is less than other scenarios.

—— Uncontrolled
——OLTC+VR+3SHC+3VC
——OLTC+VR+3HC+8VC+RES

10 1 12 13

1 2 3 4 5 8 7 8 El
Bus.No

Fig.4 voltage profile at 5:00

Vall(P.U)

—— Uncontrolled
——OLTC+VR+8HC+8VC
—— OLTC+VR+8HC+8VC+RES

Bus No

Fig.5 voltage profile at 19:00
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Fig.6 voltage profile at 23:00

The presented model is simulated in Matlab
environment and tested on a laptop computer with a
2.26 GHz processor. the average execution time for
each hour of day (state estimation time is caeid)

is less than 7 seconds. It is acceptable timeréad time
control with hourly load variation. However, in ptal
application the execution time can be considerably
decreased by using C++/C# software for simulatiry th
programming.

Table.1 objective functions values

CONCLUSION

With RES connection to DN, operation method should
be changed. Voltage control is one of the most
important problems in these networks operation.
Optimal voltage control in these networks is a rdixe
integer, nonlinear and multi-objective problem.
Therefore in this paper, particle swarm optimizatmd
fuzzy set theory are used for solved the probleostC
loss and voltage deviation are important in DN
operation. So we chose them as objectives in tigep
Finally, a practical distribution test system isdisto
investigate the feasibility and effectiveness ok th
proposed method
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