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Abstract 

The Unified Power Flow Controller (UPFC) is one of the 

promising Flexible AC Transmission System (FACTS) 

controllers towards its effectiveness in controlling voltage 

magnitude at buses and power flow through the lines. Because 

of its high capital and installation costs, needs to perform cost-

benefit analysis to identify proper installation location. 

Finding location with the conventional methods like finding 

the cost savings by installing UPFC in each location increases 

computational burden. Hence in this paper, sensitivity based 

screening technique is proposed to find the optimal location. 

The calculation of cost savings with UPFC Transformer 

Model using this method needs running only one Optimal 

Power Flow (OPF). As this UPFC Transformer model doesn’t 

need formation of additional fictitious buses and can easily 

incorporate in the given system using two-port representations. 

This UPFC model with the proposed location identification 

algorithm is tested on IEEE-14, IEEE-30 bus systems with the 

corresponding analysis. 

Keywords: Interline Power Flow Controller, Power Injection 

Model, Contingency Analysis, Severity Index. 

 

INTRODUCTION  

The aim of optimal power flow is to determine the optimal 

combination of real power generation, voltage magnitudes, 

compensator capacitors and transformer tap position to 

minimize the specific objective function like total generation 

cost in power systems. The mentioned conditions make the 

OPF problem a large scale non-linear constrained optimization 

problem [1]. In the past two decades, OPF problem has 

received much attention, because of its ability to solve for the 

optimal solution that takes account of the security of the 

system. OPF is important software in Energy Management 

Systems (EMS).OPF is a nonlinear, nonconvex, large-scale, 

static optimization problem with both continuous and discrete 

control variables [2]. Even in the absence of discrete control 

variables, the OPF problem is non-convex due to the existence 

of the nonlinear (AC) power flow equality constraints. 

The power flow analysis is the essential and fundamental tool 

to power system engineers. However the conventional power 

flow analysis has least two drawbacks due to the existence of 

the slack bus and not maintaining the equal incremental fuel 

cost characteristics. Moreover the electricity market is more 

and more deregulated, the idea that some specified groups of 

generators play the role in slack bus looks inappropriate. The 

technique of removing the concentrated burden of the slack 

bus is considered in the way of distributing all losses to each 

generator bus in a power system. Up to now, several studies 

have attempted to find and develop this kind of distribution 

technique. The distribution technique based on the frequency 

deviation is developed in [3-4]. Another technique where a 

loss term is introduced to Newton-Raphson (NR) formulation 

is presented in [5]. Several approximation techniques with 

respect to the loss term are developed in [6-8]. However, they 

are somewhat inefficient due to the fact that the procedure of 

approximation is very complicated and it takes a long time in 

calculation.  

Aiming at various objectives, different methods have been 

proposed to determine optimal locations and controls of 

FACTS devices. Continuation power flow (CPF) method was 

used in [9] and [10] to derive the control schemes of FACTS 

devices to improve system security and system loadability. A 

novel method was proposed in [11] to determine the locations, 

size, and control modes for SVC and TCSC to achieve a 

bifurcation point-based maximum loadability.  

Linear programming and mixed integer linear programming-

based optimal power flow (OPF) methods were used in [12] 

and [13] to determine FACTS controls and load shedding in 

order to relieve overload and irregular voltages after outages in 

pool and hybrid electricity markets. Authors of [14] studied 

the impact of FACTS devices on available transfer capability 

(ATC). The best location for an SVC installation was 

determined based on improved voltage profile and total 

transmission capability (TTC) of the system. Intelligent 

techniques such as genetic algorithm, hybrid tabu search, 

simulated annealing [15]-[17], and particle swarm 

optimization (PSO) [18-19] techniques are also proposed to 

solve the system loadability problem. 

From the careful review of the literature, it is identified that, 

there is an effect of constraints on optimal power flow 

problem. In this chapter, the formulated optimal power flow 

problem is solved while satisfying system equality constraints, 

in-equality constraints and practical constraints such as ramp-

rate limits. The effect of these constraints on the generation 

fuel cost objective is studied. To solve OPF problem, two-

stage ant colony optimization is presented. The effectiveness 

of the proposed algorithm is compared with that of the existing 
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particle swarm optimization algorithm. The entire 

methodology is carried out on the standard IEEE-30 bus test 

system with supporting numerical and as well as graphical 

results. 

OPF PROBLEM FORMULATION 

In general, the optimal power flow (OPF) problem by 

considering various power system objectives by controlling 

various problem variables and while satisfying various system 

constraints can be formulated as 

Minimize  J(x,u)  (1) 

Subjected to g(x,u)=0; h(x,u)≤0 

Where ‘g’ and ‘h’ are the equality and inequality constraints 

respectively and ‘x’ is a state vector of dependent variables 

such as slack bus active power generation (Pg,slack), load bus 

voltage magnitudes ( VL) and generator reactive power 

outputs (QG) and apparent power flow in lines (Sl) and ‘u’ is a 

control vector of independent variables such as generator 

active power output (PG), generator voltages (VG), 

transformer tap ratios (T) and reactive power output of VAr 

sources (Qsh). 

The state and control vectors can be mathematically 

expressed as 

 
nlNGNL llGGLLG

T SSQQVVPx ....,.........,....,.........,,.......,
1111  

 NTshshGGGG
T TTQQVVPPu

NCNGNG
...,.........,,,.........,,......,...,,......... 1112

  

Where, ‘NL’, ‘NG’, ‘nl’, ‘NC’ and ‘NT’ are the total 

number of load buses, generator buses, transmission lines, 

VAr sources and tap-changing transformers respectively. 

 

GENERATION FUEL COST OBJECTIVE 

The OPF problem consists, generation fuel cost function as an 

objective function. The total amount of power generation 

should meet the demand at lowest fuel cost. This objective 

function is solved while satisfying system equality and in-

equality constraints. The total fuel cost function can be 

expressed mathematically in the following form m 

hPCFCMinimize
NG

i

Gii /$)(
1




  (2) 

Where, ‘FC’ is the total generation fuel cost, ‘Ci(PGi)’ is 

the fuel cost function of the ith unit, ‘PGi’ is the power 

generated by the ith unit. 

The quadratic fuel cost of a thermal generating unit in the form 

of second order polynomial function can be represented using                  

  2 $/i Gi i Gi i Gi iC P a P b P c h  
  (3) 

Where, ai, bi, and ci are the fuel-cost coefficients of the ith 

unit, 

 

 

CONSTRAINTS 

This problem is optimized while satisfying the following 

equality, in-equality, and practical constraints. 

 

Equality Constraints 

These constraints are typically power flow equations satisfied 

in Newton Raphson load flow solution 





busN

1j

ijijijjiDiGi 0)δδcos(θ|Y||V||V|PP  





busN

1j

ijijijjiDiGi 0)δδsin(θ|Y||V||V|QQ

 

Where, 
iGP , 

iGQ  are the active and reactive power 

generations at ith bus, 
iDP , 

iDQ  are the active and reactive 

power demands at ith bus, Nbus is number of buses and 

ijijY ,  are the bus admittance magnitude and its angle 

between ith  and jth  buses. 

 

Inequality Constraints 

Generator limits 

Generator bus voltage limits:  

 NGi      ;VVV max
GG

min
G iii

   

Active Power Generation limits:  

 
NGi      ;PPP max

GG
min
G iii


 

Reactive Power Generation limits:  

 
NGi      ;QQQ max

GG
min
G iii


  

Security limits 

Transmission line flow limit: 

 
nli      ;SS max

ll ii


  

Load bus voltage magnitude limits: 

 
NLiVVV iii          ;maxmin

 

Other limits 

Transformers tap setting limits:  

 
NTi        ;TTT max

ii
min
i 

 

Capacitor reactive power generation limits: 

    
NCi        ;QQQ max

shsh
min
sh iii
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Practical Constraints 

The operating limits of the generators are restricted to operate 

always between two adjacent periods forcibly.  The ramp-rate 

limits can be mathematically expressed as 

)URP,min(PP)DRP,max(P i
0
Gi

max
GiGii

0
Gi

min
Gi      

  (4) 

Where, 
0

iGP  is ith unit power generation at previous hour. 

DRi and URi are the respective down and up ramp-rate limits 

of ith unit. 

The problem formulated in Eqn (1) can be generalized using 

penalty factors as follows:  















nl

1m

2max
lls

NG

1m

2limit
GGq

NL

1m

2limit
mmv

2limit
GGpaug

)S(Sλ

)Q(Qλ)V(Vλ

)P(Pλu)J(x,u)(x,J

mm

mm

11

(5) 

Where, sqvp λand,λ,λ,λ  are the penalty quotients 

having large positive value. The limit values are defined as  










minmin

maxmax
lim

x    x;x

x   x;x
x  

Here ‘x’ is the value of PG1, Vm, and QGm. 

 

HANDLING RAMP-RATE LIMITS 

In general, thermal units are equipped with steam valves to 

increase/decrease its power generation. Earlier this increment/ 

decrement of power is in the form of step wise. But, in real 

time, due to physical limitations, the generator power 

generation follows ramp-functions i.e. to increase power 

generation, the generator follows up ramp-rate and to decrease 

power generation, the generator follows down ramp-rate.  

In OPF problem, the ramp-rate constraints can be expressed as 

follows: 

i
0
GiGi URPP  , if generation increases 

iGi
0
Gi DRPP  , if generation decreases 

Due to the presence of ramp-rate constraints, in OPF problem, 

the generation fuel cost is increased as the operating point of 

generating units are varied from its operating limits. The 

ramp-rate constraints of a generating unit must not exceed the 

following limits 

 i0
Gi

max
Gi

high
Gi URP,PminP    (6) 

 i0
Gi

min
Gi

low
Gi DRP,PmaxP    (7) 

high
GiP  and 

low
GiP  are the new upper and lower limits of 

unit-i 

PROPOSED TWO STAGE ANT COLONY OPTIMIZATION 

Ants live together in colonies and they use chemical cues 

called pheromones to provide a sophisticated communication 

system. An isolated ant moves essentially at random but an ant 

encountering a previously laid pheromone will detect it and 

decide to follow it with high probability and thereby reinforce 

it with a further quantity of pheromone. The repetition of the 

above mechanism represents the collective behaviour of a real 

ant colony which is a form of autocatalytic behaviour where 

the more the ants follow a trail, the more attractive that trail 

becomes. The above behaviour of real ants has inspired ACO 

which has proved to be an effective metaheuristic technique 

for solving many complex COPs [20-24].  

This technique uses a colony of artificial ants that behaves as 

cooperative agents in a mathematical space where they are 

allowed to search and reinforce pathways (solutions) in order 

to find the optimal ones. The features of artificial ants are: 

having some memory, not being completely blind and the 

process time is discrete [25].  

In the proposed TACO technique an initialisation phase takes 

place during which ants are positioned on different nodes 

(sessions) and initial pheromone distributed equally on paths 

connecting these sessions. Ants update the level of pheromone 

while they are constructing their schedules by iteratively 

adding new sessions to the current partial schedule. At each 

time step, ants compute a set of feasible moves and select the 

best one according to some probabilistic rules based on the 

heuristic information and pheromone level. The higher value 

of the pheromone and the heuristic information, the more 

profitable is to select this move and resume the search. This 

process is repeated till the number of iterations (stopping 

criteria) has been reached. In more details, the proposed 

TACO technique constructs the cheapest observation schedule 

using the following stages: 

 

The State Transition Rule 

An ant ‘m’, when located at node i, uses the pheromone trail 

Tij to compute the probability of choosing j as the next node. 

















 


k
i
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i

Nj

α
ij

α
ij

k
ij

Njif0

Njif
T

T

P
k
i

   (8) 

Where, (i,j) : the intensity measure of the pheromone 

deposited by each ant on the path (i,j). The intensity changes 

during the run of the program.  : the intensity control 

parameter. 
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Equation (8) shows that the quality of the path (i,j) is 

proportional to its shortness and to the highest amount of 

pheromone deposited on it (i.e., the selection probability is 

proportional to path quality).  

 

Path Retracting Stage 

Before returning to the home node, the kth ant deposits ΔT(k) 

of pheromone on arcs it has visited. Ants change the 

pheromone level on the paths between sessions using the 

following updating rule: 

k
ijij ΔTTT     (9) 

Where, (i,j)  : the pheromone level.   

The amount of deposited pheromone is the mechanism by 

which ants communicate to share information about good 

paths. Stagnation may occur during the pheromone updating 

and this can be happened when the pheromone level is 

significantly different between paths connecting the observed 

schedule. This means that some of these paths have received 

higher amount of pheromone more than other and an ant will 

continuously select these paths and neglect the others. In this 

situation, ants keep constructing the same schedule over and 

over again and the exploration of the search stops. Stagnation 

can be avoided by influencing the probability for choosing the 

next path which depends directly on the pheromone level. To 

make better use of the pheromone and exploit the search space 

of a schedule more effectively, several ideas based on the 

pheromone control strategy have been implemented, tested and 

analysed. Some of these ideas are: additional pheromone trail 

limits, smoothing of the pheromone trails, re-initialization of 

the pheromone trial and additional reinforcement of the 

pheromone, etc.  

 

Pheromone Trail Evaporation 

When an ant k moves to the next node, the pheromone 

evaporates from all the arcs ij according to the relation 

Aj)(i,;P)T(1T ijij   

Where, P(0,1) is a parameter and A denotes the segments 

or arcs travelled by ant k in its path from home to destination. 

The decrease in pheromone intensity favors the exploration of 

different paths during the search process. This favors the 

elimination of poor choices made in the path selection. This 

also helps in bounding the maximum value attained by the 

pheromone trails. Iteration is a complete cycle involving ant’s 

movement, pheromone evaporation and pheromone deposit. 

After all the ants return to the home node, the pheromone 

information is updated according to the relation 





N

1k

k
ijijij ΔTρ)T(1T  

Where, ρ(0,1) is the evaporation rate and 
k

ijT  is the 

amount of pheromone deposited on arc ij by the best ant k. the 

goal of pheromone update is to increase the pheromone value 

associated with good or promising paths.  

 

RESULTS AND ANALYSIS  

The proposed methodology is tested on the standard IEEE-30 

bus test system. This system consist forty one transmission 

lines, six generators, four tap changing transformers and two 

shunt compensators. For this system, there are eighteen control 

variables. The entire analysis is performed for the following 

three cases. 

Case-1: OPF with equality constraints only. 

Case-2: OPF with in-equality constraints along with equality 

constraints. 

Case-3: OPF with ramp-rate limits along with equality and in-

equality constraints. 

The OPF results for the considered generation fuel cost using 

the existing and proposed algorithms while satisfying system 

equality constraints are tabulated in Table.1. Variation of 

convergence characteristics is shown in Fig.1.  

 

Table 1. OPF results while satisfying system equality 

constraints for IEEE-30 bus system 

Control 

parameters 

Existing 

method 

Proposed 

method 

Active power 

generation 

(MW) 

PG1 176.9799 175.4157 

PG2 48.28021 49.31663 

PG5 21.51359 21.3857 

PG8 22.10168 23.21778 

PG11 12.10025 11.54058 

PG13 12 12 

Voltage 

Magnitude 

(p.u) 

VG1 1.05 1.05 

VG2 1.034982 1.038566 

VG5 1.008713 1.012363 

VG8 1.01578 1.02473 

VG11 1.04188 1.036646 

VG13 1.042438 1.05 

Transformer 

Tap settings 

(p.u) 

Tap6-9 1.013527 1.026707 

Tap6-10 1.014633 0.977243 

Tap4-12 0.991782 0.979038 

Tap28-27 0.977585 0.967034 

Shunt 

compensator 

Settings (p.u) 

Qsh,10 17.5326 20.65115 

Qsh,24 13.02624 12.41442 

Total power generation, MW 292.9756 292.8764 

Generation fuel cost, $/h 801.6057 801.5628 

Total power loss, MW 9.5756 9.4764 
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Figure 1. Convergence characteristics of generation fuel cost 

while satisfying system equality constraints for IEEE-30 bus 

system 

 

To validate obtained OPF results, comparison of results with 

the existing methods is tabulated in Table.2.  

Table 2. Validation of OPF results while satisfying system 

equality constraints for IEEE-30 bus system 

 Method Value 

Existing 

Methods 

MSFLA [26] 802.287 

MDE [27] 802.376 

PSO 801.6057 

Proposed TSACO 801.5628 

 

Voltage magnitude results while satisfying equality constraints 

are tabulated in Table.3. Variation of voltage magnitudes in 

this case is shown in Fig.2. 

 

Figure 2. Variation of voltage magnitude while satisfying 

system equality constraints for IEEE-30 bus system 

Table 3. Voltage magnitude results while satisfying system 

equality constraints for IEEE-30 bus system 

Bus No. Voltage magnitude (p.u.) 

Existing method Proposed method 

1 1.05 1.05 

2 1.035 1.0386 

3 1.0244 1.0278 

4 1.0181 1.0221 

5 1.0087 1.0124 

6 1.0153 1.0212 

7 1.0048 1.0098 

8 1.0158 1.0247 

9 1.0164 1.0192 

10 1.0117 1.024 

11 1.0419 1.0366 

12 1.0213 1.0328 

13 1.0424 1.05 

14 1.0077 1.0195 

15 1.0045 1.0164 

16 1.0098 1.0217 

17 1.0057 1.0178 

18 0.9945 1.0066 

19 0.9918 1.0041 

20 0.996 1.0083 

21 1.0019 1.0143 

22 1.0034 1.0157 

23 1.0003 1.0124 

24 1.0034 1.0157 

25 1.0037 1.0184 

26 0.9858 1.0007 

27 1.0126 1.0285 

28 1.0113 1.0177 

29 0.9925 1.0088 

30 0.9809 0.9974 

 

Power flow results while satisfying equality constraints are 

tabulated in Table.4. Variation of voltage magnitudes in this 

case is shown in Fig.3. 
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Table 4. Power flow results while satisfying system equality 

constraints for IEEE-30 bus system 

Line No. 

Power flows (MVA) Line limit  

(MVA) Existing 

method 

Proposed 

method 

1 118.7471 118.223 130 

2 58.7574 58.4557 130 

3 34.0552 34.0595 65 

4 54.9627 54.7611 130 

5 63.3864 63.3026 130 

6 45.1224 45.1434 65 

7 49.1868 49.5988 90 

8 13.0324 12.6507 70 

9 34.2897 34.5392 130 

10 11.5013 15.2908 32 

11 19.8443 21.6979 65 

12 13.025 14.0741 32 

13 17.2648 14.2925 65 

14 31.1461 30.2605 65 

15 31.8229 32.2873 65 

16 19.4814 17.3734 65 

17 7.9115 7.9023 32 

18 18.2736 18.266 32 

19 7.4569 7.4932 32 

20 1.434 1.435 16 

21 3.5055 3.5721 16 

22 6.1017 6.131 16 

23 2.7171 2.7485 16 

24 7.3865 7.3656 32 

25 9.8771 9.851 32 

26 7.613 7.6497 32 

27 16.7495 16.6607 32 

28 7.7545 7.692 32 

29 5.7056 5.6965 32 

30 4.942 4.9244 16 

31 6.453 6.2537 16 

32 2.6153 2.6606 16 

33 1.7851 1.7999 16 

34 4.2642 4.262 16 

35 5.3697 5.7558 16 

36 19.5277 19.9091 65 

37 6.4152 6.4091 16 

38 7.2894 7.282 16 

39 3.7541 3.7524 16 

40 2.6998 2.856 32 

41 15.9945 15.9084 32 

 

 

Figure 3. Variation of power flows while satisfying system 

equality constraints for IEEE-30 bus system 

 

The OPF results for the considered generation fuel cost 

without and with inequality constraints while satisfying system 

equality constraints using proposed method are tabulated in 

Table.5. Variation of convergence characteristics is shown in 

Fig.4.  

Table 5. OPF results while satisfying system equality and 

inequality constraints for IEEE-30 bus system 

Control 

parameters 

Existing method Proposed method 

With 

out 

With 

 in- 

equality 

With 

out 

With 

 in- 

equality 

Active power 

generation 

(MW) 

PG1 177 174.7 175 176.2 

PG2 48.28 48.91 49.3 48.66 

PG5 21.51 21.3 21.4 21.89 

PG8 22.1 23.09 23.2 20.97 

PG11 12.1 13.03 11.5 12.56 

PG13 12 12 12 12.63 

Voltage 

Magnitude 

(p.u) 

VG1 1.05 1.05 1.05 1.05 

VG2 1.035 0.99 1.04 1.038 

VG5 1.009 1.013 1.01 1.011 

VG8 1.016 1.042 1.02 1.021 

VG11 1.042 1.046 1.04 1.035 

VG13 1.042 1.05 1.05 1.05 

Transformer 

Tap settings 

(p.u) 

Tap6-9 1.014 1.014 1.03 0.998 

Tap6-10 1.015 0.913 0.98 0.981 

Tap4-12 0.992 0.954 0.98 0.992 

Tap28-27 0.978 0.947 0.97 0.946 

Shunt 

compensator 

Settings (p.u) 

Qsh,10 17.53 21.59 20.7 19.76 

Qsh,24 13.03 14.18 12.4 16.83 

Total power gene, MW 293 293.1 293 292.9 

Gene. fuel cost, $/h 801.6 802.5 802 802.2 

Total power loss, MW 9.576 9.652 9.48 9.534 
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Figure 4. Convergence characteristics of generation fuel cost 

while satisfying system equality and inequality constraints for 

IEEE-30 bus system 

Further the obtained OPF results while satisfying equality and 

inequality constraints are validated with the existing methods 

tabulated in Table.6. 

Table 6. Validation of OPF results while satisfying system 

equality and inequality constraints for IEEE-30 bus system 

 Method Value 

Existing 

Methods 

IEP [28] 802.4 

SFLA [27] 802.5 

PSO 802.5 

Proposed TSACO 802.2 

 

Variation of voltage magnitudes in this case is shown in Fig.5. 

 

Figure 5. Variation of voltage magnitude while satisfying 

system equality and inequality constraints for IEEE-30 bus 

system 

 

Variation of voltage magnitudes in this case is shown in Fig.6. 

 

Figure 6. Variation of power flows while satisfying system 

equality and inequality constraints for IEEE-30 bus system 

 

The OPF results for the considered generation fuel cost 

without and with ramp-rate limits while satisfying system 

equality and inequality constraints using proposed method are 

tabulated in Table.7. Variation of convergence characteristics 

is shown in Fig.7. 

Table 7. OPF results while satisfying system equality, 

inequality constraints and ramp-rate limits  

for IEEE-30 bus system 

Control 

parameters 

Existing method Proposed method 

W
it

h
o

u
t 

W
it

h
 

in
-

eq
u

al
it

y
 

W
it

h
 A

ll
 

W
it

h
o

u
t 

W
it

h
 

in
-

eq
u

al
it

y
 

W
it

h
 A

ll
 

Active power 

generation 

(MW) 

PG1 176.98 174.72 173.16 175.42 176.23 174.77 

PG2 48.28 48.913 49.129 49.317 48.662 48.997 

PG5 21.514 21.295 21.395 21.386 21.887 21.199 

PG8 22.102 23.086 22.055 23.218 20.969 20.732 

PG11 12.1 13.034 13 11.541 12.557 13.152 

PG13 12 12 14 12 12.626 14 

Voltage 

Magnitude 

(p.u) 

VG1 1.05 1.05 1.05 1.05 1.05 1.05 

VG2 1.035 0.9903 1.0369 1.0386 1.0378 1.0382 

VG5 1.0087 1.0126 1.014 1.0124 1.0114 1.0074 

VG8 1.0158 1.0416 1.0219 1.0247 1.0209 1.0198 

VG11 1.0419 1.0462 1.05 1.0366 1.035 1.0176 

VG13 1.0424 1.05 1.0418 1.05 1.05 1.05 

Transformer 

Tap settings 

(p.u) 

Tap6-9 1.0135 1.0137 0.9927 1.0267 0.9976 1.0164 

Tap6-10 1.0146 0.9134 1.0417 0.9772 0.9808 0.9783 

Tap4-12 0.9918 0.954 0.9993 0.979 0.9923 1.015 

Tap28-27 0.9776 0.9474 0.9671 0.967 0.9457 0.9814 

Shunt 

compensator 

Settings (p.u) 

Qsh,10 17.533 21.588 13.538 20.651 19.758 20.601 

Qsh,24 13.026 14.178 12.947 12.414 16.832 10.977 

Total power generation, 

MW 

292.98 293.05 292.74 292.88 292.93 292.85 

Generation fuel cost, 

$/h 

801.61 802.46 802.85 801.56 802.15 802.58 

Total power loss, MW 9.5756 9.6517 9.3409 9.4764 9.5338 9.4535 
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Figure 7. Convergence characteristics of generation fuel 

cost while satisfying system equality, inequality constraints 

and ramp-rate limits for IEEE-30 bus system 

Variation of voltage magnitudes in this case is shown in Fig.8. 

 

Figure 8. Variation of voltage magnitude while satisfying 

system equality, inequality constraints and ramp-rate limits for 

IEEE-30 bus system 

 

Variation of voltage magnitudes in this case is shown in Fig.9. 

 

Figure 9. Variation of power flows while satisfying system 

equality, inequality constraints and ramp-rate limits  

for IEEE-30 bus system 

CONCLUSIONS 

In this paper, new two-stage ant colony optimization algorithm 

has been developed to solve OPF problem. From the analysis, 

it has been identified that, the generation fuel cost objective 

value has been increased when the number of constraints 

increases. It has been also identified that, the total generation 

and there by the total power losses have been increased when 

solving OPF problem while satisfying system equality, 

inequality constraints and ramp-rate limits. From the 

convergence characteristics, it has been identified that, the 

developed methodology starts the iterative process with good 

initial value and reaches final best value in less number of 

iterations when compared to existing PSO method. The 

developed methodology has been tested and supporting 

numerical and graphical results have been presented for 

standard IEEE-30 bus system. 
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