IJSTE - International Journal of Science Technology & Engineering | Volume 3 | Issue 11 | May 2017
ISSN (online): 2349-784X

Optimum Placement of DG Units using CPF
Method

Mr. Mahesh K. Mangukiya Mr. Subhash M. Savani
Assistant Professor Department of Electrical Engineering
Department of Electrical Engineering College of Engineering, Pune-411005,
Shree Swami Atmanand Saraswati Institute of Technology, India
Surat
Abstract

In this paper, a method for placement of distributed generation (DG) units has been presented . This method is based on the analysis
of power flow continuation and determination of most sensitive buses to voltage collapse. This method is implemented on a IEEE
14-bus test system and yields efficiency in improvement of voltage profile and reduction of power losses; it also may permit an
increase in power transfer capacity, maximum loading, and voltage stability margin. The proposed method to determine the loading
will be very useful for Transmission system planning, optimum placement of shunt capacitors, DG Units, network reconfiguration,
etc.
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I. INTRODUCTION

The newly introduced distributed or decentralized generation units connected to systems are, in general, not dispatch able by a
central operator, but they can have a significant impact on the power-flow, voltage profile, stability, continuity, and quality of
power supply for customers and electricity suppliers. The exact output power of some distributed generations (DGs) such as photo-
voltaic energy converters and wind turbines depends on the weather and cannot be anticipated accurately. Due to the locally
available resources and the small scale, DG units are mostly connected at the distribution level. When the penetration of DG is
high, the generated power of DG units not only alters the power flow in the distribution system, but also in the transmission system.
As a consequence, the connection of DG to the network may influence the stability of the power system, i.e., angle, frequency, and
voltage stability. It might also have an impact on the protection selectivity, and the frequency and voltage control of the system.
This report presents a method for placement of DG units in power system. This method is based on the analysis of power-flow
continuation and determination of most sensitive buses to the voltage collapse. After that, the DG units with certain capacity will
be installed in these buses via an objective function and an iterative algorithm.

In this algorithm, continuation power-flow method is used for determination of the voltage collapse point or maximum loading,
however; it is needed to investigate the impact of DG technologies on static voltage stability and analysis tools for studying of
voltage stability. This method will be executed on an IEEE 14-bus test system.

Il. CPF METHOD

The use of steady state continuation program is now well established and explanation of the continuation power flow (CPF) method.
The continuation method can be implemented with any set of power system equilibrium equations although common descriptions
of the programs often assume the standard power-flow equations. The CPF method is a numerical method that is used to trace the
trajectory of a power system from a stable equilibrium point up to a bifurcation point.Such a method employs the following model:

g(y.A) =0
)
Where y represents the state variables and is a system parameter used to drive the system from one equilibrium point to another.
Because a set of power-flow equations suffices for such a model, it has been employed for voltage collapse studies, which can be
considered as the system load/generation increase factor. The predictor step, used to indicate a direction to move. The tangent
vector may be used for this purpose. It is given by
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Where J is the power-flow Jacobian matrix and P and Q are the net active and reactive powers connected to each bus. The entries
of Tp are in terms of angle changes A6 and AV .
The predictor step size is given by
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Where ||. || stands for tangent vector norm. Thus, the steeper the curve, the smaller the predictor step. It makes the method take
bigger steps when the system is away from the bifurcation point, and smaller steps as the bifurcation is approached. The actual
operating point is obtained by the help of the corrector stage, which is obtained from inclusion of an extra equation. This equation
comes from the fact that the predictor and corrector vectors are orthogonal. If the predictor step is given as an initial guess for a
power-flow program at the corrector point, the algorithm converges rapidly to a feasible operating point. Using the CPF, it is
possible to solve the problem. So that attain to the maximum loading point due to voltage collapse. More important, however, that
it is possible to determine the Jacobian matrix at this operating point. The Jacobian matrix will be most useful tool for purposes of
selecting the locations where additions and changes of the system from the perspective of market power should take place. The
CPF method implemented in a predictor step is realized by the computation of the tangent vector and a corrector step that can be
obtained either by means of a local parameterization or a perpendicular intersection.

Predictor Step: At a generic equilibrium point, we have the following relation:

glyp. \p) =0 = g—i =0=Vy gg—i - 3—?\ “
And the tangent vector can be approximated by
dy Ayp
=0 ~ Alp
()

a step size control k has to be chosen for determining the increment Ayp and AAp, along with a normalization to avoid large step
when ||zp|| is large
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WhereK = 41, and its sign determines the increase or the decrease of L. Fig. 1 presents a pictorial representation of the predictor
step.
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Fig. 1: CPF predictor step obtained by means of tangent vector.

Corrector Step: In the corrector step, a set of n+ 1 equation is solved

9(y:2) =0 ©

9)
Where the solution of g must be in the bifurcation manifold and p is an additional equation to guarantee a nonsingular set at the
bifurcation point. For the choice of p, there are two options: the perpendicular intersection and the local parameterization. In the
case of perpendicular intersection, whose pictorial representation is illustrated in Fig. 2, the expression of p becomes,

T ,
Ny = | AYP| T |ye = (yp+ Ayp)

p(y.A) =0

Ac— (Ap+ Alp)

(10)
Whereas for the local parameterization, either the parameter A or a variable yi is forced to be a fixed value
ply. A) = yei — (ypi + Aypi) (1)
(Y. A) = Ac— (Ap+ A)p)
pLY. A (Ap + AAp, (12)
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The choice of the variable to be fixed depends on the bifurcation manifold of g.
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Fig. 2: CPF corrector step obtained by means of perpendicular intersection.

I11. VOLTAGE COLLAPSE

Voltage collapse is an instability of heavily loaded electric power systems which leads to declining voltages and blackout. It is
associated with bifurcation and reactive power limitations of the power system. Power systems are expected to become more
heavily loaded in the future decade as the demand for electric power rises while economic and environmental concerns limit the
construction of new transmission and generation capacity.

Heavily loaded power systems are closer to their stability limits and volt-age collapse blackouts will occur if suitable monitoring
and control measures are not taken. It is important to understand mechanisms of voltage collapse so that voltage collapse blackouts
may be effectively prevented.

IV. DG PLACEMENT ALGORITHM
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Fig. 3: Flowchart of DG Placement method.
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V. CASE STUDY & RESULT

This method was executed on a IEEE 14-bus test system (see Appendix I) and the results presented the robustness of this method
for optimal and fast placement of DG units. Fig. 4 shows voltage collapse profile curve in a IEEE 14-bus test system in normal
state and three iterations of placement algorithm. In every iteration of placement algorithm, one DG unit was installed in this
system. In first iteration, the DG unit was installed in bus 14, in second iteration in bus 5, and in the third iteration in bus 10. Table
1 represents the effect of execution of this method on power losses, maximum loading and voltage stability margin. By execution
of this method, the total active power losses was reduced to 48.78%. However, maximum loading and voltage stability margin of
the system were increased about 2.9% and 74.35%, respectively, (see Fig. 4 for these results). Note that in this case, DG units have
the same capacity and ability to produce 0.25 p.u. active and 0.25 p.u. reactive powers. Fig. 5 shows voltage profile curve for IEEE
14-bus test system.
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Fig. 4: Effect of placement DG units on maximum loading and voltage stability margin (IEEE-14 Bus system).
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Fig. 5: Voltage profile curve for an IEEE 14-bus test network with DG units.
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Effects of proposed method on power losses, maximu;albc:aedinlg and voltage sta_bility margin on IEEE 14-Bus system
Test System | Number of DG Unit | Bus-DG Unit | PL(%) | Aae(%) | VSM(%)
. Normal State . 0 0 . 2.68 72.82
fteration | | 14 40.16 2.78 7354
lteration 2 2 14-5 47.05 2.82 73.82
Iteration 3 . 3 14-3-10 48.78 2.90 74.35

V1. CONCLUSION

In this paper, a method for placement of DG units in transmission network based on CPF approach is presented. The results of
implemented of this method on a Sample IEEE 14-bus test system are obtained with and without DG units. The method is simple
and straight forward, because one has to simply observe the voltages at weak buses at the voltage collapse point, which are obtained
at the end of CPF solution. The identified buses are selected for deciding location of DG units. The results showed efficiency of
this method for improvement of voltage profile, reduction of power losses and also an increase in maximum loading and voltage
stability margin. This method can be used for placement of compensators and large DG units in power systems.

A. 1EEE 14-Bus Test System

11 Generator Data :
Base: Sg=100 MVA and V=20 KV
Slack generator: Voltage 1 p.u.

DG units: PV controlled, Volatage 1 p.u, Pog= 25 MW and Dpg= 25 MVar.
71Bus and transmission Lines Data: Tablel, Table2.

APPENDIX

Operational voltage limit at all PQ buses: Vmin < Vi < Vimax — 0:95 < Vi < 1:05 p.u.
Table -1
Bus Data of sample IEEE 14-bus test system

Bus | Voltage(V) | FoiMW) | Qg(MVar) | FiMW) | Qp(MVar)
1 1.0&0 0 ] 0 ]
2 1.040 40 424 217 127
3 1.010 0 234 042 19.0
4 1.0 0 ] 47.8 30
5 1.0 0 ] 7.6 &
b 1.070 0 11.2 290 1.5
7 1.0 0 ] 0 ]
) 1.090 0 ] 290 ]
] 1.0 0 ] 295 16.6
10 1.0 0 ] 0.0 5.8
11 1.0 0 ] 35 1.8
12 1.0 0 ] 6.1 1.6
12 1.0 0 ] 13.5 5.8
14 1.0 0 ] 14.9 35
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Table -2
Line Data of sample IEEE 14-bus test system
From Bus | To Bus | Ripu) X(pu) | Sipu) | X'mer TAP
1 2 0.01938 | 0.03917 | 0.0264 1
1 5 0.05403 | 0.22304 | 0.0246 |
2 3 0.04699 | 0.19797 | 0.0219 1
2 4 0.05811 | 0.17632 | 0.0170 1
2 5 0.05695 | 017388 | 0.0173 1
3 4 0.06701 | 0.17103 | 0.0064 1
4 5 001335 | 004211 | 00 1
4 7 0.0 | 020912 00 0.978
4 9 0.0 | 035618 00 0.978
5 6 0.0 | 025202 00 0.978
6 11 0.09498 | 0.19890 | 00 1
6 12 0.12291 | 0.25581 | 00 1
6 13 006615 | 0.13027 | 00 1
T B 0.0 0.17615 0.0 1
7 9 0.0 0.1 1001 0.0 1
o 10 003181 | 0.08450 ( 00 1
o 14 012711 | 0.2T038 0.0 1
10 11 0.08205 | 0.19207 | 00 1
12 13 0.22002 | 0.19988 | 00 1
13 14 | 017093 | 034802 | 00 1
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