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Abstract— In this paper, reactive power pricing in a 

Deregulated electricity market is formulated. A proper 

pricing mechanism promises that the producers will 

participate with enough incentive as well as the consumers 

to utilize as much electric energy as required. The Cost of 

generation involves capital cost, production cost and 

opportunity cost. Opportunity cost is the cost that evolves 

when the generator is forced to produce the reactive power 

beyond  its prescribed limits i.e  it loses its opportunity to 

sell real power as it increases reactive power production by 

decreasing real power. Cost of generation depends on real 

power loss. In this paper, Invasive Weed Optimization 

Algorithm(IWOA) is employed in reducing the Cost and it 

is worked on IEEE 30 Bus system and IEEE 57 Bus system 

using MATLAB with MATPOWER tool. The simulated 

result shows reduction of cost. 
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I. INTRODUCTION 

The electricity system in earlier days was a single monopoly 

industry with vertically integrated system. In a vertically 

integrated system, the generation, transmission and 

distribution of electricity were under the control of single 

entity. But now, the old monopolist power markets are 

replaced with deregulated electricity market which is a 

competitive market. In the competitive market, the 

integrated generation, transmission and distribution system 

is unbundled[1].  Any private company can take part in the 

power market by achieving the rules framed by the power 

market. The power transactions among the seller and buyer 

is monitored and controlled by the ISO . The consumer will 

have number of choices to choose the seller according to his 

need and economic criteria. 

      An accurate model of active and reactive costs 

results in fair pricing and benefits both the producer and 

consumer. Accordingly, this situation facilitates power 

system improvement and development in addition to 

optimizing social welfare. If the reactive power price is 

considered lower than its actual value, there would be no 

incentive to produce reactive power and almost the whole 

capacity of the generator would be specified to active power 

production[2]-[3]. On the other hand, the consumers, 

because of low price, increase their reactive demand. The 

inadequate reactive power of the system and its demand 

increase would lead to unfeasibility of active power 

transmission, reliability decline, and finally power system 

instability (voltage collapse) risk. Conversely, if the reactive 

power price become greater than its actual value, producers 

like to produce more reactive power while the consumers, 

because of high cost, decrease their demands. This time, the 

surplus reactive power in the network causes voltage 

stability problem. Therefore, the pricing mechanism should 

be as precise and fair as possible. Various techniques and 

algorithms have been worked on in minimizing the cost of 

reactive power in the papers[4]-[6].In this paper, IWOA has 

been used in minimizing the cost. 

II. DEREGULATED ELECTRICITY MARKET 

A. Market Structure: 

In deregulated market, the generation, transmission and 

distribution services are the responsibilities of different 

companies. This unbundling of services results in a 

deregulated electricity market. The transform process as 

well as the period after transformation is supervised by a 

regulatory authority. The task of this authority is to set up 

the general guidelines under which the market will operate. 

A very important principle of deregulated electricity market 

is the non-discrimination. According to this principle, all 

producers and consumers, holding some certain conditions, 

must have open and fair access to the network. While the 

generation is competitive the transmission remains a 

monopoly. The huge cost of investing in transmission 

network as well as ecological reasons does not allow the 

transform of this service into a competitive market. In order 

to ensure the open and fair access [6]-[12], the grid is 

operated by an Independent System Operator (ISO) whose 

task comprises the real time operation of the network. This 

operation consists of adjusting network situation and, if 

necessary, ordering of the ancillary services so as to keep 

the system balance. The ISO will act as a central role 

between the producer and the consumer who monitor and 

control the transactions. 

B. Ancillary Services: 

The United States Federal Energy Regulatory Commission 

(FERC) defines the ancillary services as “those services 

necessary to support the transmission of electric power from 

seller to purchaser given the obligations of control areas and 

transmitting utilities within those control areas to maintain 

reliable operations of the interconnected transmission 

system.” and it  identifies six ancillary services: Reactive 

power and voltage control, Loss compensation, Scheduling 

and dispatch, Load following, System protection and Energy 

imbalance. 

      Among various ancillary services, reactive power 

support is playing a major role in system stability[13]. 

Insufficient reactive power results in voltage collapse. This 

is evident from the power outages on 23rd September 2003 

in Sweden and Denmark, 28th September 2003 in Italy and 

also blackout in US and Canada. So reactive is essential for 

the integrity of the system and to maintain the system within 

acceptable margin of security and reliability required for 

trading in electricity market. 
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III. PROBLEM DESCRIPTION 

The cost of generation depends on the capability curve of 

generator. Each generator has its own reactive power limits 

and when the generator is about to operate within its 

reactive power limit, the cost will not be violated but when a 

generator is forced to produce reactive power exceeding its 

limit, the cost of generation increases. This is because the 

generator increases its reactive power by decreasing the real 

power generation. By decreasing the real power generation, 

the generating company loses its opportunity to sell the real 

power in the market. This loss will be handled by the 

company by increasing the cost of reactive power. Proper 

selection of control variables will reduce the cost from 

increasing by controlling the real power loss. In this paper, 

IWOA has been used to play the role of selecting proper 

control variables. 

 
Fig. 1: Capability Curve of Synchronous Generator 

A. Reactive Power Payment Function: 

1) Availability payment ($):  

This payment is the fixed cost which includes the capital 

cost occurred for the generation of reactive power. 

2) Payment for cost of loss ($/MVAR):  

This payment function is a linear component which is 

associated with the winding losses for the increase in 

reactive power in both regions I and II i.e., under excited 

and over excited regions respectively. 

3) Payment for opportunity cost ($/MVAR):  

This payment function is a quadratic component that 

includes loss of opportunity cost along with the rescheduling 

of real power. This cost is generally defined as the cost of 

opportunity to sell the real power in the market. 

 
Fig. 2: Reactive Power Cost Function 

IV. PROBLEM FORMULATION 

The main objective is to formulate optimal reactive power 

pricing. Proper selection of control variables reduces the 

cost. It can be achieved by optimizing the global variables 

(Generator bus voltages, Transformer Tap positions and the 

MVAR at the capacitor Banks.) by using IWOA. 

A. Objective Function: 

IWOA aids in finding the optimal global variables to 

achieve the objective of cost reduction. The objective 

function is given by 

   f = min { ∑[Cgpi (PGi ) + Cgqi  (QGi )]    

Where, 

PGi = real power generation at i
th

 bus  

QGi = reactive power generation at i
th

 bus 

Cgpi (PGi) =  active power cost function in i
th

 bus  

Cgqi (QGi ) = reactive power cost function in i
th

 bus  

Subject to the constraints: 

1) Generator Bus Voltage Magnitude Constraint 

V i,min  ≤ Vi ≤ V i,max 

2) Generator Reactive Power Constraint   

Qgi,min  ≤ Qgi  ≤  Qgi,max 

3) Reactive Power Source Constraint 

Qci,min ≤ Qgi ≤   Qci,max 

4) Trasformer Tap Setting Constraint 

Ti,min ≤ Ti ≤ Ti,max 

B. Invasive Weed Optimization Algorithm: 

1) Concept behind IWOA: 

The invasive weed optimization (IWO) algorithm is a 

numerical optimization algorithm inspired by weed 

colonization and it is a form of evolutionary algorithm. 

Based on the definition, a weed is any plant growing where 

it is not wanted. Some tree, vine, shrub, or herb may 

considered as a weed depending on the situation and on the 

other hand the term is reserved for those plants whose 

vigorous, invasive habits of growth creates a serious threat 

to desirable, cultivated plants. And weeds have a very robust 

and adaptive nature, undesirable traits in agriculture. 

A plant is called weed if, in any particular 

geographical location, its populations grow predominantly 

in situations noticeably disturbed by man. The most 

interesting feature of weeds that is now become a common 

principle in agronomy is that Weeds succeed always.  Later 

then many years of tillage and hand-weeding we still have 

weeds. After 50 years of herbicides we still have weeds in 

the same field. Humans have recently created an entirely 

new category of very nasty weeds and herbicide resistant 

weeds. These properties indicates that the weeds are of the 

most robust and troublous plants in agriculture. And it is 

confirmed that weeds adapt with environment and change 

their behavior and gets better. Weed biology and ecology is 

the story of their success. 

In this paper, Invasive Weed Optimization 

Algorithm that is formulated based on the invasive habit of 

growth of weeds is used to find the optimal values of global 

variables within their minimum and maximum limits. 

C. Algorithm: 

1) STEP1: Start program. 

2) STEP2: Initialize m .randomly generated weeds in 

the search space. 
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3) STEP3: Create the seed population by producing 

normally distributed seeds. 

4) STEP4: Check whether the total number of seeds 

and weeds > pop_max. 

5) STEP5: If weeds > pop_max, then include all the 

seeds in the colony. 

6) STEP6: If weeds < pop_max, Include only the 

fittest pop_max no of seeds and weeds in the 

colony. 

7) STEP7: If weeds=colony, check for iteration. 

8) STEP8: when iter = iter_max, end the program and 

the result is generated. 

9) STEP9: If not, execute from reproduction 

procedure. 

10) STEP10: Compute the values of global variables. 

(Generator bus voltages, Transformer Tap positions 

and the MVAR at the capacitor Banks.) 

11) STEP11: Reschedule the global variables with the 

optimized values. 

12) STEP12: Run the optimal power flow for IEEE 30 

bus system and IEEE 57 Bus System with 

rescheduled global variables.  

13) STEP13: Optimized global variables minimize the 

cost of generation. 

14) STEP14: Stop. 

D. Flow Chart: 

 
Fig. 3: Flow Chart 

V. SIMULATED RESULTS AND DISCUSSION 

A. IEEE 30 Bus Systems: 

The standard IEEE 30 bus system with 6 generators is 

stressed and the same is optimized by implementing IWOA. 

Stressed condition is one in which there is an addition of 

5MVar to the load buses.To meet this extra reactive power 

requirement, the generators decreased its real power 

production and the cost is increased to 9079.06 $/Hr. IWOA 

is implemented on the stressed system and the cost is 

reduced to 8922.51 $/Hr. 

GEN 

No 

GEN 

NO 

BASE CASE 

 

STRESSED 

CONDITION 

 

OPTIMAL 

VALUE 

P 

(MW) 

Q 

(MVAR

) 

 

P 

(MW) 

Q 

(MVAR

) 

 

P 

(MW) 

Q 

(MVAR

) 

 
1 212.2
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0 212.3

7 
0 
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27.17 31.94 27.04 36.25 12.57 
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5 29.35 

 
29.95 23.23 40 29.53 27.65 

8 12.94 

 
40 54.28 40 13.11 36.68 

11 4.40 

 
9.09 16.92 11.69 4.29 2.49 

13 0 7.73 0 12.57 0 18.12 

COS

T 

($/Hr

) 

 

8906.15 9079.06 8922.51 

Table 1:  Optimal Values of IEEE 30 Bus Systems 

B. IEEE 57 Bus Systems: 

 The standard IEEE 57 bus system with 7 generators is 

stressed by adding 5MVar to the load buses.Cost is 

increased to 42977.14 $/Hr . IWOA is implemented on the 

stressed system and the cost is reduced to 41710.52 $/Hr. 
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COS

T 
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) 

41742.29 42977.14 41710.52 

Table. 2: Optimal Values of IEEE 57 Bus Systems 

VI. CONCLUSION 

In this paper, reactive power pricing is done using Invasive 

Weed Optimization Algorithm. This algorithm is 

implemented on IEEE-30 bus system and IEEE-57 Bus 

System and the simulation has been carried out using 

MATLAB. The generators are stressed to produce more 

reactive power hitting their maximum limits so that the cost 

increases from base case cost. From the result analysis, the 

cost is minimized by optimal values of control 

variables(generator voltage, capacitor reactive power and 

transformer tap setting ratio).This proposed work minimizes 

the total cost paid to the generating company for providing 

required reactive power support. 
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