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Abstract 

A line bus security index is added to the generation cost 

forming a new objective function a suitable for optimal 

power system dispatch. The value of this security index is 

directly proportional to the sum of the squares of voltages 

of both bus voltage and line flows. Normal as well as 

contingency states of a power system are successfully 

dispatched. Result obtaining during a normal state of both 

the 6-bus and modified 30-bus cost. Both systems are also 

dispatched when the outage contingencies are assumed. 

Successful dispatch results are obtained without any load 

shedding. Power system reliability is seen to be greatly 

improved through the present reliable optimum dispatch. 
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Introduction 

Conventional economic dispatch is usually carried out 

in two stages; the P-and Q-dispatches. The p-dispatch [4, 

5] minimizes a generation cost function: 

F(p)=𝐶𝑠(𝑃𝑠)+∑ 𝐶𝑖(𝑃𝑖)            𝑁𝐺
2    (1) 

Controls variables consider in the P-dispatch are 

active power of generators, except for slack generator. 

Since 𝑃𝑠 is a state variable, only the power generations 𝑃2, 

𝑃3…….𝑃𝑁𝐺 are updated during each iteration of the 

minimization algorithms, while 𝑃𝑠 calculated after load 

flow solution and Cs(Ps) is consequently evaluated. 

The Q-dispatch [1,2,6,7] minimizes the total active 

transmission losses. Control variable of this dispatch 

comprise; the generator bus voltages, transformer taps, 

and reactive power of VAR-sources. The P-variable are 

fixed during the Q-dispatch. When Q-variable is allowed 

to change, transmission losses are dispatched and power 

injection from slack generator overcomes the active and 

reactive power imbalance of the system. The following 

points can, however, be abstracted: 

1. Cost of slack generator 𝐶𝑠 (𝑃𝑠) depends on all control 

variables of both P-and Q- dispatches. It is noted that 

the cost function (1) comprises in addition to the  P-

variables and Q- variables, which are inherently 

included in Ps and 𝐶𝑠 (𝑃𝑠)  (5,6).This applies that the 

fixed values of the Q- variables affected the result P-

dispatch obtainable in each iteration.  

2. Conversely, since the generator powers are fixed 

during the Q-dispatch the result of this dispatch are 

thought to be effected by those fixed P-variables. 

3. The Q-dispatch results in the minimum active 

transmission losses. If these losses are added to the 

total and constant active power of system loads, it 

gives the sum of generators active power. 

Minimization of these losses, thus, means 

minimization of the total generation. It is thought (9) 

however, that the Q-dispatch is basically run in order 

to allow a dispatch of the Q-variables. Its results 

reduce the total power generation to a minimum. 

Remembering that the P-dispatch minimizes the total 

generation cost, the Q-dispatch is far away from the 

cost minimization because it minimizes only the total 

generation. 

4. Decoupling between P-and Q-dispatches [10, 

11,12,14] is theoretically impossible. Existence of 

slack generator is the reason for this inevitable 

coupling due to the following: 

(i) 𝑃𝑠and𝐶𝑠 (𝑃𝑠)  depend on both the P- and Q-variable. 

(ii) The variable transmission losses in Q-dispatch are 

relied to the existence of slack generator which can inject 

any power imbalance during fixation of power 

generations and load power. 

5. Since the Q-dispatch minimizes the total power 

generations by minimizing transmissions losses and 

does not minimize the generation cost, the P-dispatch 

can be economically preferred on the Q-dispatch (6, 9) 

provided the Q-variables are allowed to change during 

this P-dispatch. 

6. Unifying the two P- and Q-dispatches in a single one 

enables the dispatcher to a voided reversible switching 

usually made between P-and Q-dispatches (9, 13). 

In this paper a new objective function is tested for 

economic dispatch. The function is the sum of the 

generation cost and line- bus security index. The index is 

the sum of penalized violations of both line flow and bus 

voltages. The DFP(Davidon-Flitcherpowell) method, 

previously tested by the author (8,9),is used to 

economically- allocate power generations, reactive 

powers of generators, and VAR-sources as well as 

transformer taps during normal state . Contingency 

studies are also carried out and a dispatch of the system is 

made when some expected line outage occur. All buses 

and line directly connected to the faulted line are 

excluded from the line –bus security index. The flows of 

these line and voltages of those buses are allowed to 

iteratively change within normal prescribed limits. The 

flows of other lines and voltages of other buses are 

included in the security index. Violations from 

precontingency values of these line flows and those bus 

voltages are penalized and added to generation cost to 

form the objective function during contingency. The 

results obtained from this economy security dispatch are 

compared other methods in that load shedding can 

avoided and reliability of the system is improvedthat load 

shedding can avoided, and reliability of the system is 

improved. 
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Mathematical formulation 

In conventional P-dispatch the objective function to 

be minimized is the sum of generators costs (4) .Here the 

objective function is composed of two components. The 

first component is quadratic cost function of all generators 

(1).The second component is the line bus security index: 

s=(𝐿𝑗,𝑉𝑗)=∑ 𝑀𝐿𝑗(𝐿𝑗 − 𝐿𝑗𝑜 )2𝑁𝐿
𝐽=1 +∑ 𝑀𝑉𝑗

𝑁
𝑗=2  (𝑉𝑗 − 𝑉𝑗𝑂)2 

(2) 

Bus 1 is the slack; its voltage is fixed during the dispatch 

and is not included in this security index. Throughout 

subsequent iterations of an economic dispatch, the active 

power flows must be limited like all state and control 

variable of the system. Here the line bus security index 

has a line flow penalty term 𝑀𝐿𝑗(𝐿𝑗 − 𝐿𝑗𝑜 )2.At the end of 

the dispatch the line flow Lj will generally violate its 

central value𝐿𝑗𝑜, But with the lowest minimum violation. 

To possess suitable vulnerability for the line, its resulting 

line flow should be lower enough than its upper limit. 

This can be achieved when the base flow 𝐿𝑗𝑜is suitably-

defined by the dispatcher. A value 𝐿𝑗𝑜as large as 80 

percent of upper limit in both directions is adopted for a 

system in normal operating state .During contingency, 

however, 𝐿𝑗𝑜 is taken equal to the precontingency value in 

both directions for all lines far from contingency. 

Base value of bus voltage 

Bus voltage is assumed to be dispatch with on 0.95-1.05. 

The base value 𝑉𝑗𝑂must be selected in this range. But 

since the bus voltage, like any state variable, will be 

updated through the iterative steps of the dispatch 

algorithm, it is adventurous to adopt a unified value for 

𝑉𝑗𝑂 for small buses. A flat voltage profile of 1p.u is used 

here. 

The objective function F(X) can, thus, be formed: 

 

F(X) = (𝑎𝑠 + 𝑏𝑠𝑝𝑠 + 𝑐𝑠𝑝𝑠)2+∑  (𝑎𝑖 + 𝑏𝑖𝑝𝑖 +𝑁𝐺
𝑗=2

𝑐𝑖𝑝𝑖)
2+∑   𝑀𝐿𝑗(𝐿𝑗 − 𝐿𝑗𝑜)2𝑁𝐿

𝑗=1 +∑ 𝑀𝐿𝑗(𝑉𝑗 − 𝑉𝑗𝑂)2𝑁
𝑗=2     (3) 

[X]  =[𝑃2…𝑃𝑁𝐺𝑡1….𝑡𝑁𝑇Q2…..𝑄𝑇𝑁𝐺]                  (4)  

 

The set of control variables, X, contains the active 

powers of the generators, except the slack, transformer 

taps and reactive power of both generators and VAR-

sources, while generator active power explicitly appear in 

the objective function, slack power, line flows as well as 

bus voltage, however, state variable through which all 

control variables can be dispacted.The load flow solution 

determines the power of slack generator, the line flows, 

and all the bus voltages except the slack bus. All the buses 

are treated as P-Q buses. Economy-security dispatch 

problem for contingency-free systems become: 

For minimize F(X) subject to; 

𝑃𝑖1>𝑃𝑖 < 𝑃𝑖2i=1-TNG 

𝑄𝑖1>𝑄𝑖<𝑄𝑖2                       i=1-TNG 

𝑃𝑖 -𝑃𝐷𝑖-∑ 𝑃𝑖𝑗𝑖
𝑗   =0      

𝑄𝑖 − 𝑄𝐷𝑖-∑ 𝑄𝑖𝑗𝑖
𝑗   =0           i=1-N 

0.95 >𝑉𝑖< 1.05                    i=1-N 

−𝑃𝑖𝑗𝑢>𝑃𝑖𝑗<𝑃𝑖𝑗All lines                               (5) 

The gradient of the objective function can be evaluated; 

[
∂F(x)

∂x
] = [   

      ∂F(X)

∂p

∂F(X)

∂t

∂F(X)

∂Q
]𝑇                                      (6) 

[
∂F(x)

∂t
]

= [   
      ∂F(X)

∂P1

      ∂F(X)

∂P2
… …

      ∂F(X)

∂Pi
… …

     ∂F(X)

∂PNG
]𝑇 

[
∂F(x)

∂p
]

=
      ∂F(X)

∂t1

      ∂F(X)

∂t2
… …

      ∂F(X)

∂ti
… …

     ∂F(X)

∂PNG
]𝑇 

[
∂F(x)

∂Q
] = [   

      ∂F(X)

∂Q1

      ∂F(X)

∂Q2
… . .

      ∂F(X)

∂Qi
… …

     ∂F(X)

∂QTNG
]𝑇   (7)  

[
∂F(x)

∂Pi
] =(𝑏𝑖+2𝑐𝑖𝑝𝑖)+(𝑏𝑠 + 2𝑐𝑠𝑝𝑠)

      ∂ps

          ∂pi
 +                 

∑ 2𝑀𝐿𝑗
𝑁𝐿
𝑗=1 (𝐿𝑗 − 𝐿𝑗0)

∂𝐿𝑗

∂𝑃𝑗
+∑ 2𝑀𝑉𝑗

𝑁𝐿
𝑗=2 (𝑉𝑗 − 𝑉𝑗0)

∂𝑉𝑗

∂𝑝𝑖
      (8) 

∂F(x)

∂ti
=(𝑏𝑠 + 2𝑐𝑠𝑝𝑠)

      ∂ps

          ∂ti
+∑ 2𝑀𝐿𝑗

𝑁𝐿
𝑗=1 (𝐿𝑗 −

𝐿𝑗0)
∂𝐿𝐽

∂𝑡𝐽
+∑ 2𝑀𝐿𝑗

𝑁𝐿
𝑗=1 (𝐿𝑗 − 𝐿𝑗0)

∂𝐿𝐽

∂𝑡𝐽
+∑   2𝑀𝑉𝑗

𝑁𝐿
𝑗=2 (𝑉𝑗 −

𝑉𝑗0)
∂𝑉𝐽

∂𝑡𝑖
                     (9)    

∑ 2𝑀𝑉𝑗
𝑁𝐿
𝑗=2 (𝑉𝑗 − 𝑉𝑗0)

∂𝑉𝑗

∂𝑄𝑗
[

∂F(x)

∂Qi
] =(𝑏𝑠+2𝑐𝑠𝑝𝑠)

      ∂ps

∂Qi
 

+∑   2𝑀𝐿𝑗
𝑁𝐿
𝑗=1 (𝐿𝑗 − 𝐿𝑗0)

∂𝐿𝐽

∂𝑄𝐽
                                         (10)  

It is found, however, that a better formulation can be 

obtained when augmented gradients for both line flow  
∂Lj

∂x
 

, and the bus voltage 
∂Vj

∂x
 are used: 

∂Lj

∂x
 =∑ 𝑀𝐿𝑗

𝑁𝑙
𝑗=1 (𝐿𝑗  ــ 𝐿𝑗𝑜)

∂Lj

∂x
                                                 (11) 

∂Vj

∂x
 =∑  𝑀𝐿𝑗

𝑁
𝑗=2 (𝑉𝑗  ــ 𝑉𝑗𝑜)

∂Vj

∂x
                                                 (12)  

After line tripe a new dispatch is necessary to reallocate 

the power of generators and VAR- sources as well as 

transformer taps, which bring the system to the 

newoptimal dispatch. Line outage greatly affects the bus 

voltages and the lines flows of buses and the lines directly 

connected to the fault line .Other bus voltages and line 

flows far from contingency dispatch, bus voltage near 

contingency are allowed to be within their secure limits 

(5). As for lines near contingency, their power flows are 

constrained by their upper limits in both directions. This 

implies that these bus voltages and those line flows, near 

line trip, are excluded from the line-bus security index 

(2), and in the objective. 

Function (3). The objective function during contingency 

becomes: 

F(X)=(𝑎𝑠 + 𝑏𝑠𝑝𝑠 + 𝑐𝑠𝑝𝑠)2+∑ (𝑎𝑖 + 𝑏𝑖𝑝𝑖 +𝑁𝐺
𝑗=2

𝑐𝑖𝑝𝑖)
2+∑ 𝑀𝐿𝑗(𝐿𝑗 − 𝐿𝑗𝑜)2𝑁𝐿

𝑗=1 +∑  𝑀𝐿𝑗(𝑉𝑗 − 𝑉𝑗𝑜)2𝑁
𝑗=2     

(13) 

The economy–security dispatch problem during 

contingency has to be: 

Minimize Fc(x),subject  to the same constraints (5) .The 

base values for  line flows and bus  voltage during 

contingency dispatch (20,21) are assume to be equal to 

the their precontingency schedules. 
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Minimization Algorithm 

The DFP-method of unconstrained optimization was 

previously tested by the author [8] and proved to be 

efficiently applicable for optimal dispatch. The DFP-

procedure for cost-minimization, utilizes Powell's 

quadratic interpolation [14] as linear search method 

.Executive steps of such minimization algorithm is 

summarized here; 

Step.1 Through a familiar starting point of the set of 

control variable evaluates the gradient of the objective 

function as defined (6-19). 

Step.2 The direction of linear search is estimated; 

d= -H
      ∂F(X)

∂x
                                                         (14) 

The positive definite matrix H is a given a unitary starting 

value, and is updated for each iteration in the dispatch [8, 

15]  

Step 3 In this direction d,powell's quadratic 

interpolations tried find the optimum correction of control 

variables which bring the objective function to new 

minimum.  

Step.4 updated both; the gradient 
      ∂F(X)

∂x
 ,and H ,and 

return to the step1. Minimization procedure comes to an 

end when both of direction and gradients reach a 

prescribed tolerance. Fig (1) illustrates steps (1-4) of 

minimization procedure. 

Power Flow Limit of a Line 

Active power transmission through the line connecting 

bus i to bus j can be express by the polar form; 

𝑃𝑖𝑗=𝑉𝑖
2𝐺𝑖𝑗 − 𝑉𝑖𝑉𝑗(𝐺𝑖𝑗𝑐𝑜𝑠𝜃𝑖𝑗 + 𝐵𝑖𝑗𝑠𝑖𝑛𝜃𝑖𝑗)(15)                                                       

For all transmission line, the inductive impedances results 

in a susceptance component having negative sign. The 

power flow becomes; 

𝑃𝑖𝑗=𝑉𝑖𝑉𝑗𝐵𝑖𝑗𝑠𝑖𝑛𝜃𝑖𝑗+𝐺𝑖𝑗(𝑉𝑖
2 − 𝑉𝑖𝑉𝑗𝑐𝑜𝑠𝜃𝑖𝑗                  (16) 
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Assuming a flat voltage profile  𝑉𝑖=𝑉𝑗 = 1 𝑝. 𝑢  

𝑃𝑖𝑗 =𝐵𝑖𝑗𝑠𝑖𝑛𝜃𝑖𝑗+𝐺𝑖𝑗(1− 𝑐𝑜𝑠𝜃𝑖𝑗)(17) 

The maximum allowable power flow through a line is 

defined by considering both thermal and stability limits. 

The thermal is determined by an upper value of active line 

losses while stability limit is represented by an upper limit 

of transmission angle. 

A maximum line angle of 0.2 radians can be adopted for a 

contingency-free system. During contingency, however, 

some line is inevitably subjected to higher power flow, 

due to an outage of one or more adjacent lines. It is 

necessary for a dispatcher to adopt a relatively higher 

value of line angle in order to increase reliability of a 

system during contingencies. In this paper, a maximum 

line angle of 0.4 rad is assumed to overcome both thermal 

and stability limits of a line in both normal and 

contingency states.Table.1 show the line impedance, 

admittance and estimated MW-flow limits of lines in the 

6-bus system.  

Table.2 shows the corresponding values for the modified 

IEEE 30-bus system. These MW-flow limits are estimated 

via (16) with 0.4 rad. Upper limit of transmission angle. 

Numerical Results 

Both of the ward and hale 6-bus [7] and modified IEEE 

30-bus system, are dispatched. Generator power limits, 

cost coefficients, transformer taps and load data of both 

systems are given in Appendix. 

The 6-bus system 

The six-bus system, Fig(2) is dispatched for both normal 

as well as contingency states. For contingency-free 

system, the dispatch algorithm had completed 4-iterations 

to reach the lowest minimum generation cost of 

5775.28$/Hr. Table.3 which indicates the pronounced 

improvement than the 588.609$/Hr. obtained by reference 

[9] for this system. Contingency dispatches made, 

included two cases for line outage, namely the outage of 

the line 2-5 and line 2-3 Lines and buses that are directly 

connected to the faulted line are excluded from the line -

bus security index (2). During a dispatch, the power flow 

in these lines and voltages of those buses, are allowed to 

change within their accepted limits other lines and buses 

of the system are included in the line-bus security index 

and the objective function in which violation of bus 

voltage 𝑉𝑗 , during iterative steps, is penalized to be 

around its precontingency value but in both 

directions.Table.4 show results of the bus voltage and 

MW-flows of buses and lines adjacent to contingency 

Table.1 MW-flow limits of lines in the 6-bus system. 

 
Table.2 MW-flow limits of some lines in the 30-bus system. 

Line  

i-j 
𝑹𝒊𝒋 𝑿𝒊𝒋 𝑮𝒊𝒋 −𝑩𝒊𝒋 

MW-flow          

Limit 

1-3 0.0452 0.1852 1.244 5.097 208.3 

2-4 0.05750 0.1737 1.708 5.197 215.8 

2-5 0.0472 0.1983 1.136 4.773 194.8 

2-6 0.0581 0.1763 1.686 5.117 212.6 

1-2 0.0192 0.0575 5.228 15.650 650.7 

5-7 0.0460 0.1160 2.953 7.448 313.4 

12-15 0.0662 0.1304 3.097 6.099 261.9 

14-15 0.2210 0.1997 2.491 2.251 107.3 

18-15 0.107 0.2185 1.807 3.691 158.0 

22-24 0.1150 0.1790 2.541 3.995 174.1 

23-24 0.1320 0.2700 1.462 2.989 127.9 

25-26 0.2544 0.3800 1.217 1.817 80.4 

25-27 0.1093 0.2087 1.967 3.765 162.1 

Values of  𝑅𝑖𝑗 , 𝑋𝑖𝑗 , 𝐺𝑖𝑗  ,𝑎𝑛𝑑 𝐵𝑖𝑗 are in p.u for a 100 MVA 
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Fig (2) the 6-bus system 

 

Table .3 optimal dispatch of the 6-bus system 

 
 

Table .4 Dispatched bus voltages and line flows close to contingency in 6-bus 

The 30-bus system 

In appendix-A table.5 show the results obtained for a 

dispatch of the 30-bus system in both contingency and 

contingency-free states. The four line outages, previously 

selected [13], comprise lines 1-2, 2-5, 15-23, and 24-25. 

Contingency-free dispatch is ended after 3-iteration 

with a final minimum generation cost of 801.28/Hr.  This 

is an improved figure for the generation cost if compared 

with 804.853$/Hr. [6] and 805.3$/ Hr. [13].  

The same objective function is minimized to 

reallocate powers of generators and VAR-sources as well 

as transformer taps after a line trip. Table.6 shows the 

resulting voltage voltage of buses and MW-flows of the 

lines directly connected to any of the buses of a line 

trip.Table.6 in appendix shows the resulting voltages of 

buses and MW-flows of lines directly connected to any of 

the buses of a line trip.  All the dispatched MW-flows are 

within their limits estimated in Table.2. The dispatched 

voltages of buses close to the contingency, In appendix-A 

Table.6, are not greatly their precontingency schedules. 

 



Diyala Journal of Engineering Sciences Vol. 13, No. 01, March 2020, pages 1 -8                                       ISSN 1999-8716 

DOI: 10.24237/djes.2020.13101           eISSN 2616-6909 

 

63 

 

Result and Discussion 

In this paper a new objective function is suggested and 

test trough the present reliable and economic power 

system dispatch. This function comprises, in addition to 

the total generation cost, a line –bus security index which 

economically- limits the violations in bus voltages and 

line flows. During a contingency dispatch, the objective 

function contains penalized violations of only bus 

voltages and line flows that are not directly connected to 

the contingency, however allowed to vary within normal 

acceptable limits and are executed from the line –bus 

security index. Application made for 6-bus and 30-bus 

test systems show validity of the present reliable and 

economy-security dispatch contingency without any load 

curtailment. 

Appendix -A 

Table.5 optimal dispatch of the 30-bus system during normal and contingency states 
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Table.6 Dispatched bus voltages and line flows close to the contingency in the 30-bus 

 
List of search abbreviations 

 

P, Q Active and reactive power respectively 

F (p) Total generation cost 

𝑃𝑖 Active power of generation at bus i 

𝐶𝑖(𝑃𝑖) Cost of generation at the bus i 

𝑃𝑠 Active power at slack generator 

𝐶𝑠 (𝑃𝑠) Cost of slack generator 

NG Total number of generators in the system 

𝑎𝑖,𝑏𝑖 ,𝑐𝑖 Cost coefficients of generator at bus i 

𝑎𝑠  ,𝑏𝑠, 𝑐𝑠 Cost coefficients of slack generator 

S(𝐿𝑗,𝐿𝑗) Line-bus security index 

𝐿𝑗 
Active power flow in line j 

\ 

𝐿𝑗𝑜 Base value of 𝐿𝑗 

𝑉𝑗 Voltage of bus j 

𝑉𝑗𝑂 Base value of Vj 

𝑀𝐿𝑗 

,𝑀𝑉𝑗 

Line flow and bus voltage penalties respectively 

N Total number of buses in the system 

 

F(X)                   Objective function during normal state 

F_O(X)               Objective function during contingency 

  X                      Set of control    Variable 

𝑃𝑖1.𝑃𝑖2 Lower and upper limits of generator active power at bus i            

𝑄𝑖1,𝑄𝑖2 Lower and upper limits of generator reactive power at bus i 

𝑃𝐷𝑖 Active power of a load connected to the bus i 

𝑄𝐷𝑖 Reactive power of a load connected to the bus i 

𝑃𝑖𝑗 Active power flow from bus I to the bus j 

𝑃𝑖𝑗𝑢 Upper limits of Pij 

𝑄𝑖𝑗 Reactive power flow from bus i to bus j 

NR Number of VAR sources        

NT Number of tap-changer transformers in the system 

TNG Total number of generators and VAR-sources 

𝑛𝑜 Number of lines directly connected to a contingency 

D direction of linear search 

H Positive definite matrix related to the DFP-method 

𝑅𝑖𝑗 Resistance of line i-j 
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