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ABSTRACT

About a Heuristic search methods for reactive power compensation for radial distri-

bution networks, which receive cost savings is maximized. The method is a technique that

is done from the technical concept of the present and Heuristic for better results. The

method was developed and applied to three-phase system. The results of this method are

compared with previous methods to show its advantages. New algorithm is implemented

through technical change to obtain the position, the optimal capacitor size.
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1. Introduction

The installation of capacitors on dis-
tribution level is essential for controlling
power flow, improve system stability, adjus-
table power factor, power management and
minimum pressure loss in system. There-
fore, the need to find solutions to locate and
install capacitors capacity aims minimum
losses (power loss, power) for maximum
savings function. The solution to determine
the position can be classified as follows:
Analysis, Programming of, Search and
(Al-based).
Artificial intelligence algorithms including

basic artificial intelligence
genetic algorithms, expert systems, neural
networks and fuzzy logic [9], [10], [11],

[12], [13], [14].

Heuristic techniques [6], [5] that the

rules were developed through intuition,

&
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experience and evaluation. Heuristic algo-
rithms for fast and relevant results, this
leads to reduce the search space and can
lead to a near-optimal solutions with high
reliability [4].

Heuristic algorithms are applied to
reduce the loss of distribution system [6],
[8]. In the document [6] have given methods
to evaluate the change in loss in net
restructuring. Document [8] also provides
methods of reconstruction algorithms heu-
ristic system overload wired route.

Materials [2] introduced heuristic algo-
rithm to reduce the loss by the method of
identifying the download button. The button
is determined by identifying the first
branch in the system on which the loss
caused the greatest resistance. First button
is the button to download the most inf-



luential causes of losses in that branch (this
button
capacitor bank is worth making the loss of

is selected). The capacity of a
the system is minimal. The above process
will be implemented for the next button
until the loss reduction achieved within the
range allowed. This method does not gua-
rantee cost function is minimum or maxi-

mum saving function.

Document [3] introduced a method was
developed from the literature [2] to over-
come the shortcomings in reducing losses
and costs. However, this method is not a

desired result.

Document [5] provides a method to
reduce losses to a minimum by installing a
capacitor bank at the optimum position.
Disadvantages of this approach are to ignore
cost-benefit analysis that this will affect the

cost of capacitors and power savings.

The work in this paper is to develop the
technology to the previous heuristic. Intro-
ducing the Heuristic has been made, then
introduce heuristic algorithms that give
better results, this technique can be viewed
as the sum of the previous Heuristic for the
installation of capacitor banks in distri-
bution networks the beam. A heuristic
algorithm is introduced through trans-
formation techniques to locate, the optimal

capacity of the capacitor.

2. To build the formula

2.1. Survey the distribution of reactive
power
Density function of reactive power

Q09

X

normalization f(x) f(x) =

Among them:
Qy: total reactive power.
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x: distance is measured along the most
copper.

Q(x): reactive power in Xx.
The function of reactive
normalization F(x) F(x)=Y.f(x)

2.2. Construction of reduced power

power

loss

From the graph distribution of
reactive power, we assume that the
function of reactive power is a continuous
function as shown in Figure 10.

Power loss caused by the reactive
component should be calculated using the
formula:

Py :$.ZIQZ.F(X)3r.dx

Among them: r - resistance of copper wire
the entire route.

Power loss reduction by the reactive
component causes
AP, =P,-P,

. iQX.F(x)Dr.dx— 1([QX.F(x)]—§Qm) r.dx

AP, = i

1%

_ Z f ([Q)__ F)]- ngm ) rdx— j G, F(x) Jr.dx

2.3. Construction of reduced energy
loss

We have:
A = [P, (t)dt

Among them:

PQ (t) is the power loss caused by the
reactive components change over time.
the time average maximum

T 18

0

2
capacity; r=(0,124+ ) .8760

So reducing the energy losses of the
system when the reactive power varies
with a cycle time of the survey are:

AA, = [AP, (t)dt
0

AP,

Change the value above we

obtain:
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3. Maximum saving function AS

Locate the to set the
function AS peak.

capacitor

AS=K, AP+ K, AA—K_3Q,
i=1

3.1. Locate the capacitor set

We do:
O _k 9P Lk PBA_,
ox, ox, ox,
» At the component : K, op
ax
We are:
AP, ,
axi Uz [2 rQ): Qb‘ [F(X ) J; Z ]_r'(Qu) ]
with 322 Z okhij>k
j=i+l 5
= At the component : K, 6aAXA
We are:
0AA, K, Q,
2r. =311 (Q,)
axi UZ[ QZQ{][ fr ( ) j;leJ (Qb)‘|
with 325 _okhij>k
j=i+l s
Change the value O0AP, 0AA on the
expression:
oS OAP OAA
2K, 2K, 0
OX, OX, ox,
Py KetKat (Qu & Qy
KP +KA.’I7.Kf ZQZ jeitl QZ
With 3 2% _okhijsk;
j=i+l 5
K +K, T
K, +K,TK,

According to the above expression, we
define the position of the capacitor bank
to put maximum savings function AS.
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I(I G ().FC) Dr.dx— I([Qz ©.FCO1-3Q,, | -rdx—

_ kg:x_[ ([QZ (t).F(x)]— jngbj r.dx — f G, (t).F(x)Br.dx]dt

3.2. Determining the value of storage

capacitor
We do:
05 _y 0P . A,
ale aqu ale
= At the component : K. OAP
9Q,
We are:
0AP, 1 n i1
—& == 12r[Q, F(x)dx-2rx.YQ, -2r.YQ, X
Q, U ( IQ W '§Q“‘ 2% *)
with ¥Q, X, =0
= At the component : K, OAA
ax
We are:
OAA 1
5Q:b rU—[ZrK jQZ X).dx = 2.1 X, ZQq ZrZQbk 5

with ¥ Q, x, =0
Change the value OAP, OAA on the

expression:
8 _K.. OAP +KA_6AA_KC o
a(gbi ale ale
Q..o % n
Qbi =—F—, IF(X)-dX_ z ij
Xi _Xi—l X,y J=i+l
With i = 2+n when 1 =1; Z Q, =0
j=i+l
when j > n
Qo % :
Q. = =2 R dx-3Q, -2
, 0 i=2 X,
K, +K,.tK, 1 U’ K,
K,+K,t 8" 2r[K, +K,.1]

According to the above expression, we
find the value of capacitor banks for maxi-
mum savings function AS.

3.3. Algorithm to determine how much and
where to install capacitors to  reduce power

loss and power



Step 1: From the diagram, the data
of the system determine the length, the
distance of each node in the routing wire
load uniformly standardized.

Step 2: Determination of reactive power
normalized F(x).

Step 3: Select a location for gathering
X,, define F(x,).

Step 4: Determine Qy,, :
Q, - 2.F(x8n).QZ
Step 5: Determine x,; to
optimal Qp, and x, value,
that the target area between A,, B, are
equal.

achieve
this means

= Determination of the g,

Qu
F =
(9,) 0.0,
» Draw lines (1) by g, and parallel
to F(x).

= Select the x,.; for A, = B, area.
Step 6: Determine:

2.0..F
Q, .= QET(X'”)—Z.Qm .

Step 7: As Step 5, x,» defined as follows:
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Step 8: Make turns as the above steps
until the position x;.Then determine the

F(x n
QM=2QY—%Q—ZZQM
j=2
S B
Qu+2Qy,+ x
= Identify g: F(g,)=————— "+
o.Q,
» Drawlines (n) by g; and parallel  to
Fx).

= Compare the last two areas A;
and B, will be the case as follows:

- If A; = B; or misleading in a given
range, the algorithm stops. The
result is determined.

- If A;> B1: recording step 3, choose

X, positions far more power and
repeat the other steps.
- IfA; < Bj: recording step 3,

choose x, positions near the source
over and repeat the other steps.
= When changing the position x,
toward the last load that can not find
the optimal value is:
- Choose the location x, at the load
end, Qp, to change the value F(g,)

» Identify g,.1: makes A, = B,
Q, . +Q - Perform to step 6.
F9..)= a.Q, 4. Results
= Draw lines (2) by g,.1 and parallel 4.1. Route wires first
to F(x). For such systems [26]
= Select the x,5 for A, = B, ; area.
The Capacitor Storage capacitor The total capacity Losses after
algorithm | placement (kvar) capacitor (kvar) | compensation kW
[2] 4,7, 9 4050; 300; 600 4950 547.3
[3] 4;8;9 3750; 300; 600 4650 546.3
[22] 4;5;8;9 | 3750; 1650; 300; 600 6300 587.8
[23] 4;5;9 3600; 1950; 750 6300 589.2
[24] 3;4;5;9 |3300; 2100; 1650; 600 7650 587.3
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[25] 2;3;5;9 |3900; 3300; 2100, 600 9900 580.5

[26] 4;5;9 1350; 1950; 450 3750 539.5
Propf)sed 4;5;9 2217; 802; 299 3318 524.9
algorithm

The results of the proposed algorithm

& Bang Tong Hop

KET QUA

[ s

2217.00
801.566
298.509

S& vi tri dat tu:

X1: W 15
X2 [U—QQT 02
X3 [1— Q3

5

EEX
CAC V1 TRI PAT TU

Lo'i nhugn thy dvgc sau khidjt ty

Spacusct | T8 $ | Sy et o
Spay ! 348 Shsay n $
ASP : | 6675 ¢ | ASA : 0 $

AS: 4021 §

T6n thit ciia hé théng
Pruge ¢ 42 kW
Bas & 2 kW
AP : 40 kW

Ace | F557 KkWh
An, i 1758 KkWh
AA :[318032 xwh

Béng "|

Back "i e "i

Position and size of the capacitor has been converted

8

0.2249
X= 6.332km
0= 801.57 KVar

4.2. Route wire second
For such systems [26]

The Capacitor Storage capacitor | The total capacity Losses after
algorithm placement (kvar) capacitor (kvar) |compensation kW

[2] 8; 22 450; 1350 1800 116.2

[3] 8; 22 450; 1200 1650 113.5

[22] 6; 8; 14 450; 450; 900 1800 111.6
[23]; [25] 4; 22 900; 900 1800 111.5

[24] 1; 22 900; 1200 2100 114.7

[26] 6; 14 600; 1200 1800 112.8
Proposed 7; 15; 22 646; 759; 277 1682 111.5
algorithm
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The results of the proposed algorithm
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5. Conclusion

Using modern mathematical methods:
Heuristic algorithms for the construction
of new efficient than the current
maximum profit for the installation of
capacitors on radial distribution systems.
The results can be summarized as follows:

- Can be used as a module heuristic
algorithm for reactive power
compensation.

- Solve the reactive power compen-

solving

*

i

0.9771
K= 12959 km
0= 276.29 kVar

sation by increasing the value of AS
function simply and efficiently.

- Heuristic algorithms can suggest
practical applications for the examination
of the power system

Direction of future development:

- Research complete algorithm to
calculate the effect of voltage, installation
costs with each capacitor.

- Further research on the ability to
deliver medium voltage grid.

XAY DUNG GIAI THUAT HEURISTIC PE BU CONG SUAT PHAN KHANG
pOI V61 MANG PHAN PHOI HINH TIA
Vo6 Tra Nam"”, Truong Viét Anh®
(1) Truong Pai hoc Thii Dau Mét, (2) Truong Pai hoc Su pham Ki thugt TP.HCM

TOM TAT

Bai bdo nay gidi thiéu mét phuong phdp tim kiém heuristic dé bu cong sudt phdn

khdng cho mang phdn phéi hinh tia, qua dé nhan duoc chi phi tiét kiem la cuc dai.
Phuong phdp la mét ki thudt duoc thuc hién tw nhitng khdi niém ctia ki thudt heuristic

hién tai va cho ra két qud tot hon. Phuong phdp duoc phdt trién va dp dung vao hé
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théng ba pha. Két quad ciia phuong phdp nay duoc so sanh véi nhitng phuong phdp truée
dé cho thdy uu diém ciia né. Thudt toan méi duoc thuc hién thong qua ki thudt bién doi
dé thu duoc vi tri, dung luong tu bu t6i uu.
Tw khoéa: gidi thudt heuristic, bi cong sudt phdn khdng, cuc dai chi phi tiét kiem,
t6i uu dung luong tu bu, toi uu vi tri tu bu
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