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Abstract: The paper presents an approach for the optimal dispatch of reactive under deregulated 
environment with an aim to generate the optimal generation schedule satisfying the equality and 
inequality constraints and minimizing the cost of operation of generating units by using Lightning 
Attachment Procedure Optimization. The power system is divided into zones based on the electrical 
distance using the Agglomerative clustering and an optimal schedule is obtained for each zone. The 
formulation for pricing is based on the zonal dispatch of reactive power and the transmission losses. 
The approach has been applied to IEEE 30 Bus system and the results are obtained for zonal as well 
as complete power system. 
Keywords: Reactive Power Optimal Dispatch, Electrical Distance, Clustering, Zonal dispatch, 
Lightning Attachment Procedure optimization. 
 

摘要：本文提出了一种在放松管制环境下优化无功调度的方法，旨在通过使用闪电连接程序

优化来生成满足等式和不等式约束并最小化发电机组运行成本的最佳发电计划。 使用凝聚聚

类将电力系统根据电气距离划分为区域，并为每个区域获得最佳调度。 定价公式基于无功功

率的区域调度和传输损耗。 该方法已应用于 IEEE 30 总线系统，并获得了区域和完整电力系

统的结果。 

关键词：无功功率优化调度，电气距离，集群，分区调度，闪电附加程序优化。 

I. INTRODUCTION 

In large interconnected power system, the 
objective is to achieve economic operation and 
reliability. In addition, major changes in the 
global power structure have been introduced. 

The environment for customers, generation, 
transmission and distribution is independent in 
deregulated energy markets. The primary 
benefits of deregulation to customers are cheaper 
electricity, plan efficient capacity expansion, 
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cost minimization, more choices and better 
service. In independent electricity transmission 
network restructuring, it is difficult to implement 
one of the main source. Often as a result of poor 
scheduling pattern generation and load, 
transmission line overloads will be seen more in 
competitive bid in the open access transmission 
patterns. It is difficult to decide for the different 
electricity demands by different power company 
and electricity production system. 
Traditionally, in many countries the electric 
power systems were structured in a vertically 
integrated system and the company provided 
electric power to customers as a service on the 
basis of the offer. However, in recent years, the 
implementation by a number of countries, a free 
market and free enterprise are applied. From the 
economic point, the lower energy price does not 
necessarily mean lower utility costs. For the 
security of the power system in restructured 
environment, management of reactive power is 
very important as the real power transfer is 
dependent on reactive power. Reactive power 
loss can cause the voltage in power system to 
collapse. Reactive power is provided by the 
entities in deregulated environment. Also the 
cost of production of reactive power is highly 
dependent on real power. For supporting the 
power transfer, system operator ensures that the 
voltage is maintained during normal and 
abnormal conditions so that there is no loss of 
load. To compensate, a fast reactive power 
support to the system is important for the 
operation and finance in deregulated power 
industry. A fair cost to ancillary service providers 
should be paid for their availability and 
production of reactive power in real time which 
is produced from the generating units. 
For the handling of the ancillary services under 
deregulated environment, requirement for 

establishing of markets is necessary. The concept 
of modelling of individual local markets for the 
individual area has been introduced and different 
methods have been devised such as game theory, 
based model, long term bids proposal, spot 
pricing etc [1,2,3]. 
A cost-based reactive  power  pricing methods 
have been proposed to minimize  the  reactive  
power  cost  considering  the voltage security 
problem into the optimal power flow(OPF) 
problem using sequential quadratic 
programming (SQP)[4]. An active-reactive 
power dispatch procedure has been expressed 
using a bilevel optimization considering the 
minimum opportunity cost and minimum offered 
price of active power investigating the marginal 
prices and opportunity costs [5]. Also for the 
determination of marginal price, a non-linear 
programming has been used considering the cost 
of generation of active and reactive power as the 
objective of the optimal dispatch problem [6]. A 
price based approach has been adopted for the 
scheduling of generating units of the deregulated 
power system for maximizing the profits to the 
generation companies and scheduling of 
generation for long term, short term and medium 
term is obtained keeping in view passing on the 
results to the next schedule [7]. Different 
approaches for the pricing of reactive power in 
the electricity market has been devised with few 
models for the pricing of reactive power with 
their cost functions satisfying various constraints 
for the active as well as reactive power cost 
minimization [8]. The different criteria for 
partition of power system network to enhance the 
process of planning for the deciding the 
boundaries for network zones are used to get the 
best results [9, 10, 11, 12, 13].  

In this paper, optimal dispatch reactive power has 
been solved using Lightning Attachment 
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Procedure Optimization (LAPO), the problem is 
investigated considering the two cases i.) the 
complete power system, ii.) two separate 
individual zones and simulation results are 
presented. 

II. PROBLEM FORMULATION 

The aim of optimal dispatch problem is to 
minimize the generation cost of reactive power 
and minimizing the cost transmission losses. The 
problem is formulated in two steps: i.) Obtain the 
optimal schedule for the dispatch of reactive 
power minimizing the reactive power cost and 
determine the marginal cost for each generator, 
ii.) Minimize the combined cost of reactive 
power generation and transmission losses. 

A.  Optimal Dispatch Of Reactive Power  

For the determination of the reactive power cost, 
the reactive power cost coefficients has to be 
calculated on the basis of operating point of the 
generator obtained from the capability curve of 
generator as shown in Fig. 1. When the generator 
produces the maximum value of active power 
then no reactive power is generated. Therefore, 
the complex power equals the maximum value of 
active power by the following relation between 
active and reactive power:   

                       S2 = P2 + Q2                                               
(1) 

where, S is complex power, P is active power, Q 
is reactive power. 

The generation of reactive power will decrease 
the active power generation capability of the 
generator. The cost of reactive power is to be 
expressed in terms of reactive power generated. 

 
Figure 1. Generator Capability Curve 

 

The cost curve is a quadratic function of 
generator’s reactive power output.  Cost function 
F(1) is obtained by considering the cost 
coefficients di, ei, fi and reactive power 
generations Qgi, as: 

         F(1) = ∑ (𝐝𝐢 𝐐𝐠𝐢𝟐𝐍𝐆
𝐈 𝟏 +  𝐞𝐢 𝐐𝐠𝐢 + 𝐟𝐢 )  $/𝐡              

(2) 

     where, NG is the number of generators. 

The cost coefficients di, ei, fi are obtained by 
using the curve fitting method for each generator 
[15][17]. 
 
For step-1, the objective function is formulated 
as: 
 
      Minimize F(1) = ∑ (𝐝𝐢 𝐐𝐠𝐢𝟐𝐍𝐆

𝐈 𝟏 +  𝐞𝐢 𝐐𝐠𝐢 +

𝐟𝐢 )        (3)     

 Subject to the following Constraints [14][19]: 

i. INEQUALITY CONSTRAINTS       

 The active and reactive power limits in the 
generators:  

         𝐏𝐠𝐢
𝐦𝐢𝐧 ≤ 𝐏𝐠𝐢 ≤ 𝐏𝐠𝐢

𝐦𝐚𝐱     ; i=1, 2… NG                 

(4) 
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Where, Pgi
min and Pgi

max are the active power 

generation maximum and minimum limits for 
each generator, i. 
 
             𝐐𝐠𝐢

𝐦𝐢𝐧 ≤ 𝐐𝐠𝐢 ≤ 𝐐𝐠𝐢
𝐦𝐚𝐱    ; i=1, 2… NG         

(5) 
 
Where, Qgi

min and Qgi
max are the reactive power 

generation maximum and minimum limits for 
each generator, i. 
 

ii. Equality Constraints            
 
The real and reactive power balance is achieved 
by subtracting the sum of demand and losses 
from the total power generation.  
 
     ∑ 𝑷𝒈𝒊

𝑵𝑩
𝒊 𝟏 − ∑ 𝑷𝒅𝒊

𝑵𝑮
𝒊 𝟏 + 𝑷𝑳 = 𝟎;      i=1, 2… 

NG        (6) 
 
Where, 𝑷𝒈𝒊 is the active power generation for 

each generator, i; 𝑷𝒅𝒊 is the active power demand 
for each bus, i; 𝑃𝐿 is the active power losses. 
 
    ∑ 𝑸𝒈𝒊

𝑵𝑩
𝒊 𝟏 − ∑ 𝑸𝒅𝒊

𝑵𝑮
𝒊 𝟏 + 𝑸𝑳 = 𝟎;     i=1, 2… NG         

(7) 
 
Where, 𝑸𝒈𝒊 is the reactive power generation for 

each generator, i; 𝑸𝒅𝒊 is the reactive power 

demand for each bus, i; 𝑸𝑳 is the reactive power 

losses. 
 
The solution methodology searches the 
generation schedule with in maximum,𝑷𝒈𝒊

𝒎𝒂𝒙, 

𝑸𝒈𝒊
𝒎𝒂𝒙 and minimum, 𝑷𝒈𝒊

𝒎𝒊𝒏, 𝑸𝒈𝒊
𝒎𝒊𝒏 limits of active 

and reactive power generation.  
 
B. Zonal Minimization Of Combined Cost  

 
The combined cost consists of the cost of 
generation of the reactive power and the cost of 
transmission losses. 
For each generation schedule, the active and 
reactive power transmission loss is obtained by 
[19]: 
 
                        PL =  ∑ ∑ 𝑷𝒊

𝒏𝒃
𝒌 𝟏

𝒏𝒃
𝑰 𝟏  𝑩𝒊𝒌 𝑷𝒌                           

(8) 
 
For i = 1, 2…, number of buses, k= 1, 2…, 
number of buses. 
Where, 𝑃𝑖 and 𝑃𝑘 are the active powers at bus i 
and bus k respectively, Bik  represents the loss 
coefficients. 
By multiplying the loss term with active power 
price and reactive power generation of every 
voltage zone with appropriate zonal reactive 
power price, a final cost function is determined 
[20]. 
 
  𝑭𝑪 = (𝑷𝒓𝒍𝒐𝒔𝒔 ∗ 𝑷𝒐𝒘𝒍𝒐𝒔𝒔) + ( ∑ 𝑷𝒓𝒒𝒛 ∗𝒏𝒛

𝒁 𝟏

 ∑ 𝑸𝑮𝒋
𝑵𝑮𝒛
𝒋 𝟏 )    (9) 

 
Where, 𝑃𝑟  is the price of active power 
covering the transmission losses in $/MW; 
𝑃𝑜𝑤  is the active power transmission losses 
in MW; 𝑃𝑟  is a reactive power price in a zone 

in $/Mvar; 𝑄  is the reactive power generation 

of jth generator. 
The cost function can be simplified as: 
 
                          𝑭𝒄𝑻𝒐𝒕𝒂𝒍 = 𝑭𝒄𝑳𝒐𝒔𝒔 +  𝑭𝒄𝑸                         

(10) 
 
Where, FcTotal is the total cost; FcLoss is the cost 
of network transmission losses; FcQ is the cost of 
reactive power. 
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The zonal optimization problem is now 
formulated considering the combined cost of 
reactive power generation and transmission 
losses as: 
 
                   Minimize  𝑭𝒄𝑻𝒐𝒕𝒂𝒍 = 𝑭𝒄𝑳𝒐𝒔𝒔 +  𝑭𝒄𝑸              

(11) 
 

Subject to the following Constraints: 

i. INEQUALITY CONSTRAINTS       

 

           𝑸𝒈𝒊
𝒎𝒊𝒏 ≤ 𝑸𝒈𝒊 ≤ 𝑸𝒈𝒊

𝒎𝒂𝒙    ; i=1, 2… NG                    

(12) 

Where, 𝑄𝑔𝑖
𝑚𝑖𝑛 and 𝑄𝑔𝑖

𝑚𝑎𝑥 are the reactive power 

generation maximum and minimum limits for 
each generator, i. 
 

ii. Equality Constraints            
 
The real and reactive power balance is achieved 
by subtracting the sum of demand and losses 
from the total power generation.  
 
     ∑ 𝑷𝒈𝒊

𝑵𝑩
𝒊 𝟏 − ∑ 𝑷𝒅𝒊

𝑵𝑮
𝒊 𝟏 + 𝑷𝑳 = 𝟎;     i=1, 2… 

NG      (13) 
 
Where, 𝑷𝒈𝒊 is the active power generation for 

each generator, i; 𝑷𝒅𝒊 is the active power demand 
for each bus, i; 𝑃𝐿 is the active power losses. 
 
    ∑ 𝑸𝒈𝒊

𝑵𝑩
𝒊 𝟏 − ∑ 𝑸𝒅𝒊

𝑵𝑮
𝒊 𝟏 + 𝑸𝑳 = 𝟎;    i=1, 2… NG       

(14) 
 
Where, 𝑸𝒈𝒊 is the reactive power generation for 

each generator, i; 𝑸𝒅𝒊 is the reactive power 

demand for each bus, i; 𝑸𝑳 is the reactive power 

losses. 

 
The solution methodology searches the 
generation schedule with in maximum,𝑷𝒈𝒊

𝒎𝒂𝒙, 

𝑸𝒈𝒊
𝒎𝒂𝒙 and minimum, 𝑷𝒈𝒊

𝒎𝒊𝒏, 𝑸𝒈𝒊
𝒎𝒊𝒏 limits of active 

and reactive power generation.  
 
The real and reactive power balance equations 
are used to calculate the error to satisfy the power 
balance constraints given by:   
 
                 𝑬𝒓(𝟏)  = ∑ 𝑷𝒈𝒊

𝑵𝑩
𝒊 𝟏 − ∑ 𝑷𝒅𝒊

𝑵𝑮
𝒊 𝟏 − 𝑷𝑳;           

(15) 
 
Where, 𝑷𝒈𝒊 is the active power generation for 

each generator, i; 𝑷𝒅𝒊 is the active power demand 
for each bus, i; 𝑃  is the active power losses.  
 
               𝑬𝒓(𝟐)  = ∑ 𝑸𝒈𝒊

𝑵𝑩
𝒊 𝟏 − ∑ 𝑸𝒅𝒊

𝑵𝑮
𝒊 𝟏 − 𝑸𝑳;        

     (16) 
 
Where, 𝑸𝒈𝒊 is the reactive power generation for 

each generator, i; 𝑸𝒅𝒊 is the reactive power 

demand for each bus, i; 𝑸𝑳 is the reactive power 

losses. 
 
The errors calculated [15] from eq. (10) and (11) 
are used in calculation of fitness value of 
objective function as: 
 
         F(Pgi) = F (Pgi) + v x (Er1)2   (i=1, 2,… NG)            
(17) 
  
         F(Qgi) = F (Qgi) + v x (Er2)2   (i=1, 2,… 
NG)          (18) 
 
Where, v is the penalty for constraint violation 
kept at high value. 

III. FORMATION OF ZONES 
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In electrical networks, it is not suitable to 
transmit reactive power to a large distance 
through transmission lines as different regions 
have different requirements of reactive power 
and voltage control. To overcome these 
problems, local market for regions could be a 
solution that will help manage the reactive power 
in the region and the prices of one region would 
not affect the other regions. Therefore, a power 
system can be divided in to zones and reactive 
power cost can be fairly predicted for each zone. 
[9][10][11]. 
For determination of zones in an interconnected 
power system by electrical distance methods, 
load flow is performed by the Newton Raphson 
method. The Jacobian matrix formed after the 
load flow as: 

                                 

𝝏𝑷

𝝏𝜹

𝝏𝑷

𝝏𝑽
𝝏𝑸

𝝏𝜹

𝝏𝑸

𝝏𝑽

[ 
∆𝜹

∆𝑽
] = [ 

∆𝑷

∆𝑸
 ]                  

(19) 
 
Where, P is real power; Q is reactive power; V is 
the bus voltage; δ is the voltage angle. 
From the Jacobian matrix shown in above eq. 
(19), the sub-matrix [∂Q/∂V] is used for the 
determination of Sensitivity matrix. Sensitivity 
matrix is formed by taking inverse of [∂Q/∂V]. 
 
              Sensitivity matrix = [∂ V/∂ Q]                          
(20) 
 
Both matrices, [∂Q/∂V] and [∂V/∂Q] are real and 
non-symmetrical. The elements of Sensitivity 
matrix represent the propagation of voltage 
variation following the reactive power injection 
for a given node throughout the system. The 
magnitude of voltage coupling between two 
buses can be quantified by maximum attenuation 
of the voltage variation between these buses. The 

attenuations are obtained from sensitivity matrix 
[∂V/∂Q] by dividing its elements in each column 
by the diagonal elements forming the matrix of 
attenuation between nodes of the system. 
 

                     𝑨𝒊𝒌 = (
𝝏𝑽𝒊

𝝏𝑸𝒌

 ) /(𝝏𝑽𝒌

𝝏𝑸𝒊
 );                                     

(21) 
 
For i= 1,2,.. no. of load buses ;  j= 1,2,.. no. of 
load buses     
Where, V is the Voltage and Q is the reactive 
power. 
Each element Aik from the attenuation matrix 

represents the measure of attenuation of the 
change created in kth bus at ith bus. 
                                ∆𝑽𝒊 =  𝑨𝒊𝒌 ∆𝑽𝒌                                  
(22) 
 
For the convenience in the computation elements 
of attenuation matrix expressed as the elements 
of network reactance matrix X. 
                                 𝑨𝒊𝒌 =  𝒙𝒊𝒌/ 𝒙𝒌𝒌                                 
(23) 
 
Where, 𝑥𝑖𝑘 and  𝑥  are the elements of reactance 
matrix. 
The elements of the attenuation matrix are not 
symmetric as: 
 
                      𝐀𝐢𝐤 =  𝐱𝐢𝐤/ 𝐱𝐤𝐤 ≠ 𝛂𝐤𝐢 =  𝐱𝐢𝐤/ 𝐱𝐢𝐢               
(24) 
 
For symmetry in the electrical distance, D 
between the buses i and k can be defined as: 
 
  𝐝𝐢𝐤 = 𝐝𝐤𝐢 = −𝐥𝐨𝐠 ( 𝛂𝐢𝐤 . 𝛂𝐤𝐢) = −𝐥𝐨𝐠 (𝐱𝐢𝐤

𝟐 /

 𝐱𝐢𝐢𝐱𝐤𝐤)     (25) 
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After the electrical distance between all the buses 
of the system is determined by eq. (25), 
normalization is done as: 
 
            𝐝𝐢𝐤 =  𝐝𝐤𝐢/ 𝐦𝐚𝐱 (𝐝𝐤𝟏 , . . ., 𝐝)                           
(26) 
 
 The lesser is the value of dik is, the more is the 
sensitivity between the bus I and k. Electrical 
distance matrix, D is formulated as: 

                𝐃 = 
𝐝𝟏𝟏    𝐝𝟏𝟐 ⋯ 𝐝𝟏𝐧

⋮ ⋱ ⋮

𝐝𝐧𝟏    𝐝𝐧𝟐 ⋯ 𝐝𝐧𝐧

                             

(27) 
 
After the formation of the electrical distance 
matrix representing the electrical distance 
between the different load buses are merged on 
the basis of the shortest distance. The 
hierarchical clustering method is used for 
partitioning of the system into two zones. 

IV. LIGHTNING ATTACHMENT PROCEDURE 

OPTIMIZATION 

Lightning Attachment Procedure Optimization is 
a meta-heuristic approach that optimizes by 
searching a large space of solutions. LAPO is 
based on conditions during the lightning 
phenomena that exist in nature. This method is 
mainly based on four phases of lightning 
phenomena:  

i. Breakdown of air at surface of the cloud 
ii. Movement of lightning towards the 

ground  
iii. Upward movement commencement from 

the  ground  
iv. Final position of lightning strike. 

There exist a large number of positive and 
negative charges in the upper and lower side of 
the clouds. With the increase in number of 

charges present in the cloud, the potential 
gradient is increased and this may lead to the 
breakdown in the cloud. As a result gradient at 
the side edges of the cloud may increase and 
lightning is initiated that consists of mainly a 
large number of negative charges which moves 
down towards the ground. As the lightning 
moves towards the ground through several 
directions, next potential points are randomly 
selected, considering the highest potential point 
as next position. The lightning is split into many 
branches because of many potential points. Few 
branches disappear as the charge in branch is less 
than 1µC. As a result of large amount of negative 
charge in the cloud, the positive charge is 
gathered on the ground. A high electric field 
breaks down the air at the front edge and 
lightning propagates through the air in upward 
direction. The upward propagation reaches faster 
towards the downward lightning propagation. 
The final position of lighting strike point occurs 
when the upward propagation edge reaches to the 
down propagating edge. As a result all the other 
branches disappear and the charge in the cloud 
becomes neutral through this branch [17][18]. 

II. ALGORITHM FOR LIGHTNING ATTACHMENT 

PROCEDURE OPTIMIZATION 

Stepwise algorithm is described below to achieve 
the solution by LAPO. 

1.  Read the database for the generator data 
and bus data. Main function handle and 
required data is given as input. 

2. Suitable population of spot points and 
calculate the average of all spot points 
and maximum number of iterations is 
assumed. 

3. Initialized population is sorted by 
comparison of each spot point with 
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average value and iterations are started 
which does the following: 

i. The new best spots  are generated and 
worst spots are neglected 

ii. Upward and downward propagation is 
performed checking the limits each 
time and new points with high potential 
are updated neglecting all the low 
potential points.  

iii. New best population of high potential 
points is updated as best solution. 

4. Evaluation of main objective function 
depending on the best solutions obtained 
from above mentioned algorithm at each 
iteration, which does the following: 

a.)     FOR STEP-I EVALUATION: 

i.) Determines the reactive power 
generation schedule. 

ii.) Calculates the reactive power cost by 
using eq. (2). 

iii.) Modifies the power generation to 
satisfy the equality constraint of eq. (4), 
(5), (6) & (7). 

b.)     FOR STEP –II EVALUATION: 

i.) Calculates the transmission loss by 
using eq. (8). 

ii.) Calculate the functions zonal cost 
function using eq. (9). 

iii.)  Calculates the error function values Er(1) 
and Er(2) by using  eq. (15) & (16)  

iv.)   Modifies the power generation to satisfy 
the equality constraint of eq. (13), (14), 
(15) & (16) 

5. LAPO is run for the given number of 
iterations to give the final best solution 

until otherwise terminated by some 
stopping criteria. 

III.  TEST SYSTEM 

The Lightning Attachment Procedure 
Optimization is applied to the IEEE 30 bus, 6 
Generators, 41 lines, as shown in Fig. 2 with a 
total load demand of 238.40 MW and 
177.50MVAR [10].  

Different combination reactive power 
generations are searched using LAPO, for Step-I 
and II using MATLAB Software.  

The generation coefficients are given in Tables 1. 
The lower and upper limits of generators and are 
shown in Table 2 respectively.  

      Table 1. Active Power Generator Cost 
coefficients 

Unit ai 
($/MWh²) 

bi 
($/MWh) 

ci 

1 0.00375 2.00 0 

2 0.01750 1.75 0 

3 0.06250 1.00 0 

4 0.00834 3.25 0 

5 0.02500 3.00 0 

6 0.02500 3.00 0 

 

       Table 2. Active and Reactive Power 
Generation Limits 

UNI
T 

Pi 
min 

Pi 
max 

Qi min 
(MVA

R) 

Qi max 
(MVA

R) 
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(M
W) 

(M
W) 

1 50 200 -20 200 

2 20 80 -20 100 

3 15 50 -15 80 

4 10 35 -15 60 

5 10 30 -10 50 

6 12 40 -15 60 

  

 

               Figure 2.  IEEE 30 Bus Test System 

IV.  RESULTS AND DISCUSSION 

The two step optimal dispatch of reactive power 
is solved considering the two different cases as 
follows: 

Case -1: Considering the whole power system for 
optimal dispatch. 

The optimal dispatch of reactive power is 
obtained at first step and the marginal price of 
each generator is set according to the cost of 
production of reactive power per Mvar as shown 
in Table 3. The maximum cost is taken as the 
uniform marginal cost for all generators. 

Table 3. Results of Minimization of reactive 
power and marginal price for the units with 
LAPO 

Unit Qg(MVAR) Marginal 
Price 

($/Mvar) 

Payment 
($) 

1 142.2825 0.04 6.25 

2 -20 0.07 1.42 

3 44.9064 0.73# 32.79 

4 8.5865 0.29 2.56 

5 24.7367 0.13 3.15 

6 38.8447 0.32 12.27 
# represents the uniform marginal price of 
reactive power for the whole system. 

In the second step, the combined cost for reactive 
power and covering the transmission losses is 
minimized as shown in Table 4. The reactive 
power generated by each generator 
corresponding to the variation in the price of 
transmission losses is obtained as given in Table 
5. 

Table 4. Final cost of covering transmission 
losses and reactive power generation with 
variation in the price of transmission losses per 
MWh with LAPO 

Price 
of 

losses, 
Prloss 

Total 
Loss,       
Powlos

s 
(MW) 

Cost 
of 

losses,  
FcTrlos

s ($) 

Cost of 
Reacti

ve 
power, 
FcQ ($) 

Total 
Cost, 
FcTotal  

($) 
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($/M
Wh) 

4.34 
156.36

55 
678.3

3 
167.66 845.99 

10 159.92 
1599.

2 
174.53 1773.7 

50 152.04 
7602.

3 
194.31 7796.6 

Table 5. The Reactive power generation with 
variation in price of transmission losses per 
MWh with LAPO 

Unit 
Qg  (Mvar)                         
(Prloss=4.3

4) 

Qg  
(Mvar)                         

(Prloss=1
0) 

Qg  
(Mvar)                         

(Prloss=5
0) 

1 29.8393 7.4273 11.4822 

2 59.0250 66.2297 36.8217 

3 80 80 58.7757 

4 60 41.3928 49.0931 

5 10.3444 50 50 

6 -9.5341 160 60 

Tota
l 

229.6746 
239.0841 266.1727 

 
Case-II: Zonal Reactive Power Dispatch 
 
Electrical distance between the generators is 
obtained by performing the load flow with 
Newton Raphson to determine the generator 
group for formation of zones. The complete 
system is divided on the basis of distance matrix 
using the agglomerative clustering as shown in 
Fig. 3 and Fig. 4 based on the distance as shown 
in Table 6. 

    Table 6. Electrical Distance between the 
generators. 

Generator  2 5 8 11 13 
Distance from 

Gen. 1 
0.0
5 

0.1
6 

0.1
3 

0.4
2 

0.
37 

Generator  1 5 8 11 13 
Distance from 

Gen. 2 
0.0
5 

0.1
2 

0.1
1 

0.3
9 

0.
34 

Generator  1 2 8 11 13 

Distance from 
Gen. 5 

0.1
6 

0.1
2 

0.1
6 

0.4
5 

0.
41 

Generator  1 2 5 11 13 

Distance from 
Gen. 8 

0.1
3 

0.1
1 

0.1
6 

0.3
7 

0.
33 

Generator  1 2 5 8 13 

Distance from 
Gen. 11 

0.4
2 

0.3
9 

0.4
5 

0.3
7 

0.
54 

Generator  1 2 5 8 11 
Distance from 

Gen. 13 
0.3
7 

0.3
4 

0.4
1 

0.3
3 

0.
54 

 

 Figure 3. The formation of separate Zones 
from 30 bus power system. 
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Figure 4 Agglomerative Clustering of 
Generator Buses 

 

 Zone -1 Dispatch 
There are three generators in Zone 1 connected 
at bus 1, 2 and 8 as shown in Fig. 3 with the load 
of 119.7 MW and 100.6 Mvar. The optimal 
dispatch of reactive power in Zone 1 is obtained 
at first step and the marginal price of each 
generator generating or consuming (Qg shown 
as positive or negative) reactive power is set 
according to the determined maximum cost of 
reactive power per Mvar from step -1 as shown 
in Table 7. 

Table 7. Results of Minimization of reactive 
power and marginal price for the units with 
LAPO 

Unit Qg Marginal 
Price 

($/Mvar) 

Payment 
($) 

1 59.3307 0.63# 37.2395 

2 72.4628 0.25 18.3468 

8 -7.6939 0.05 0.3693 
# represents the uniform marginal price of 
reactive power for Zone 1. 
In the second step, the combined cost for 
reactive power and covering the transmission 
losses is minimized with variation in price for 

covering the losses for zone 1 is shown in Table 
8. The reactive power generated by each 
generator corresponding to the varied prices of 
transmission losses is obtained as given in Table 
9. 

Table 8 Total cost of covering transmission 
losses and reactive power generation with 
variation in price of transmission losses per 
MWh with LAPO 

Price 
of 

losses, 
Prloss 
($/MW

h) 

Total 
Loss,       
Powlo

ss 
(MW

) 

Cost 
of 

losses,  
FcTrloss 

($) 

Cost 
of 

Reacti
ve 

power
, FcQ 
($) 

Tota
l 

Cost
, 

FcTot

al  ($) 

4.34 
23.44

56 
101.70

92 
72.363

0 
174.
07 

10 
23.58

28 
201.28 68.48 

269.
76 

50 
25.00

83 
1250.4 73.59 

1324
.0 

 

Table 9 The Reactive power generation with 
variation in price of transmission losses per 
MWh with LAPO 

Unit 
Qg  (Mvar)                         
(Prloss=4.34

) 

Qg  
(Mvar)                         
(Prloss 

=10) 

Qg  
(Mvar)                         
(Prloss 

=50) 

1 79.1401 61.8033 92.1709 

2 5.3387 1.4744 2.3536 

8 30.3831 45.4209 22.2877 

Tota
l 

114.8619 
108.698

6 
116.812

2 

 

 Zone -2 Dispatch 
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There are three generators in Zone 2 connected 
at bus 5, 11 and 13 as shown in Fig. 3 with the 
load of 163.70 MW and 76.9 Mvar. The optimal 
dispatch of reactive power in Zone 2 is obtained 
at first step and the marginal price of each 
generator generating or consuming (Qg shown 
as positive or negative) reactive power is set 
according to the cost of reactive power per Mvar 
as shown in Table 10. 

Table 10. Results of Minimization of reactive 
power and marginal price for the units with 
LAPO 

Unit Qg Marginal 
Price 

($/Mvar) 

Payment 
($) 

5 79.9826 3.23# 258.35 

11 -9.7732 0.06 0.59 

13 14.1134 0.66 9.35 
# represents the uniform marginal price of 
reactive power for Zone 2. 

In the second step, the combined cost for reactive 
power and covering the transmission losses is 
minimized with variation in price for covering 
the losses is shown in Table 11. The reactive 
power generated by each generator 
corresponding to the varied prices of 
transmission losses is obtained as given in Table 
12. 

Table 11 Final cost of covering transmission 
losses and reactive power generation with 
variation in price of transmission losses per 
MWh with LAPO 

Price of 
losses, 
Prloss 
($/MW

h) 

Total 
Loss,       
Powlo

ss 

Cost 
of 

losses,  
FcTrloss 

($) 

Cost of 
Reacti

ve 
power, 
FcQ ($) 

Total 
Cost, 
FcTota

l  ($) 

(MW
) 

4.34 
5.329

9 
23.12 261.64 

284.7
7 

10 
5.330

0 
53.300

0 
256.71 

310.0
1 

50 
5.330

0 
266.5 272.51 

539.0
1 

 

Table 12 The Reactive power generation with 
variation in price of transmission losses per 
MWh with LAPO 

Unit 

Qg  
(Mvar)                         
(Prloss 
=4.34) 

Qg  
(Mvar)                         
(Prloss 

=10) 

Qg  
(Mvar)                         
(Prloss 

=50) 

5 68.7100 80 80 

11 11.0341 8.8314 -10 

13 1.2605 -93547 14.3692 

Total 81.0046 79.4767 84.3692 

 

The comparative results obtained from the 
optimal dispatch of reactive power and 
transmission losses for zonal approach with the 
complete system, the results using LAPO are 
shown in Table 13. 

Table 13 The comparative results for the reactive 
power dispatch and transmission losses for zonal 
approach and complete system 

Zone 

Reac
tive 
Pow
er, 
Qg 

Tota
l 

Loss
,       

Powl

oss 

Cost 
of 

losse
s,  

FcTrl

oss 
($) 

Cost 
of 

Reac
tive 
pow
er, 

Tota
l 

Cost
, 

CTota

l  ($) 
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(M
W) 

CQ 
($) 

Com
plete 
syste

m 

229 
156.
36 

678.
33 

167.
66 

845.
99 

Zone 
1 

114.
86 

23.4
4 

101.
71 

72.3
6 

174.
07 

Zone 
2 

81.0
0 

5.31 
23.1

2 
63.9

6 
90.9

4 

Zone 
1 + 

Zone 
2 

195.
86 

28.7
5 

124.
83 

136.
32 

265.
01 

 

Table 13 shows the best results from complete 
system and zones separately. It can be clearly 
observed that the cost of generation of reactive 
power as well as the cost of covering the 
transmission losses is higher for complete system 
in comparison with the combined optimal results 
for zone 1 and zone 2. 

V. CONCLUSION 

In the present paper, a problem of an optimal 
dispatch of reactive power problem has been 
solved using LAPO method. The optimal 
generation schedule is obtained and the 
separation of zones has been done based on 
electrical distance using the agglomerative 
clustering. The two cases are considered as 
complete system and zonal dispatch. The 
proposed optimal dispatch is applied to IEEE-30 
bus system and the results for the two cases are 
compared and discussed. The comparison of 
zonal and complete system reactive power 
dispatch, simultaneously covering the 
transmission losses proves that the individual 

markets for the reactive power in different 
individual areas prove to obtain reduced values 
for the cost and transmission losses for the 
operator. LAPO is better optimization method in 
terms of a better optimal solution and 
computation time.. 
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