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A Study on Cost Evaluation for Capacitive Reactive Power
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(Choon-Shik Jung - Jeong-Do Park - Young-Hyun Moon)

Abstract - In this paper, the cost for capacitive reactive power is evaluated considering the deregulation environment.
For the cost assessment of reactive power, the duration curve of reactive power demand is introduced and investigated.
Also, a guideline is suggested to estimate the Q-cost by using the inverse of the Q-demand duration curve. In order to
obtain optimal real reactive power allocation, a new algori:hm is proposed by using the piecewise linearization of the
inverse of the Q-demand duration curve and the Linear Programming technique. The proposed method is tested with
sample systems using MATLAB. The test results show that the algorithm yields reasonable reactive power allocation

and provides fair cost evaluation for reactive power.
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Fig. 1 The relationship between the cost vs. capacitive
reactive power
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Fig. 2 Cost curve of real and reactive power and its
linearization (In case of the number of linear
segment is three)

7] A,

mP wAr)ie] fE5AY vLTH jUA AR T

mQ : BAiY) REAY )
C : wravlie] $a%

C® : mAig 2aAY v

704 4% J¥e Aese FRAYR FaIYL
obdl Ho= Ehd % gt

C AP =CO+ mOPD+m PP+ m PPY )

C Q) = CO+mVQP+m PP+ mPQY 3)

Po=P+PE+PE @
Q= Qi+ + e (5)
4714,

Osp(l)sp(l)max (6)

0<Q (stQU)max

PYmx . P& o Huztk
QY™™+ QF o Azt



TRS WAL 53A% 33 20045 37

A9, 5 HEAzAe MYE wHo g
of st Isojor 3, L7 FE n,
(capacitor) ¥ 39 &

2.
CT:ZCpi(Pi)+ j:zn+lcai(QCi) (7)
upelx, HE& e e AFE EE Ao H
Heo} 8 9% FEHE ¥9 FAE 08 Ay 29
9 YwAq gez Aused H4T + ook

min(C7) = min(f* x) (8)
o,

Ax=1b (9)

X, SXS Xy

2 ooulgg AR
e AAHY wEe A=sac wEe @
M gAZe Adl AL Pere ot 2k

Step 1 A" dolEl& %ol Y-busE 4%},
Step 2 Z2FA4e HE £

ZFAAe ARE x7igter dAS,
sastel 40, 4V, P&

Step6 6, V & AN
Step 7 & E49

=
Step 8 Y& 7 FHERAL HAg

Vv 7 249 A8 2k (power mismatch)

¢ k-1
v Ci—Cfi e
o 71 A,
Ci:k ds wre Agae v g Cr

Step 9 FHEDE UHI} P #

FAZA BwEHAd F$ Step 5FE ykE

e e @

184

k=0
- A4
Read the System Data
oy
Construct Y-bus matrix
. -
Perform the load flow
calculation
B
Set the miﬁal condiﬁon

Calculate me initial cost

Ll
Perfcrm LP, calculate
a4y 1
— .
vpdete 6 V' Foy Qo
P 4
Calculate the realireactive power

Calculate Cj

O 3 Metg duglE

of MM BEEZ

Fig. 3 The detailed flowchart of the proposed algorithm
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Table 1 Cost curve for 3-bus system
Bus[ P [ PP [ P@ | m@ [ m@ [ m@
1 70 70 140 05 1.0 3.0
35 35 70 0.5 1.0 3.0
Pl ep| 0| | @ | »d
1 NA NA NA NA NA NA
25 25 50 05 1.0 3.0
" 292M AlA”e H2XM HOolH
Table 2 Cost curve for 9-bus system
Bus | P | PR | PQ | mP| m@| mfy
1 | 25 2% 40 05 | 10 | 30 |
2 55 55 110 0.5 1.0 3.0
3 30 30 40 05 1.0 30
Q&M QY @ m D m @ i
I3 1 13 qt | aqi
1 10 10 20 05 1.0 3.0
2 NA NA NA NA NA NA
3 -4.0 -4.0 8.0 -0.5 -1.0 -3.0
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Table 3 Cost curve for 14-bus system
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Table 4 Real and reactive power allocation for 3-bus system

Bus Initial Optimized
PGi QC:' PGi QCi
1 2.12 NA 1.64 NA
2 1.0 0.66 1.47 0.5455
x 5902 M AjaHe 52 ¢ FEXH v [p.u.E$]
Table 5 Real and reactive power allocation for 9-bus system
Bus Initial Optimized
Pg; Qu Pg; Qc:
1 0.71641 0.270459 0.9 0.2512
2 1.63 NA 1.2882 NA
3 0.85 -0.108597 1.0 -0.1134
£ 6 1424 AlARS RF ¥ FETY vl 2 [p.u.CH]
Table 6 Real and reactive power allocation for 14-bus
system
Bus Initial Opt imized
Pg; Qo Py Qci
1 2.34349 NA 2.3224 NA
2 0.40 -0.295566 042 -0.3033
3 0.0 -0.071973 0.0 -0.0720
4 0.0 0.319081 0.0 0.3193
5 0.0 1.421250 0.0 1.4310
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1 20 20 160 05 10 30 Table 7 Cost and iteration comparisons with reductions for
2 14 14 14 05 L0 30 each system
3 0 0 0 05 1.0 3.0 System Initial Final Cost Iteration
4 0 0 0 0.5 10 3.0 Cost Cost Reduction Count
5 0 0 0 0.5 10 30 3-bus | 57150 5.2697 78 % 5
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