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ABSTRACT 

 

The Optimal Power Flow (OPF) is an important criterion in today's power system operation and control due to scarcity of energy 

resources, increasing power generation cost and ever-growing demand for electric energy. As the size of the power system increases, 

load may be varying. The generators should share the total demand plus losses among themselves. The sharing should be based on 

the fuel cost of the total generation with respect to some security constraints. The security constraints are real and reactive power 

generation limits, tap changing transformers line flow limits. Since the dependence each generator fuel cost on the load it supplies, 

the objective of the OPF algorithm is to allocate the total electric power demand and losses among the available generators in such 

a manner, that it minimizes the electric utility's total fuel cost while satisfying the security constraints. But it is very difficult task 

considering all the constraints. many mathematical assumptions such as convex, analytic, and differential objective functions have 

to be given to simplify the problem. 

 However, the OPF problem is an optimization problem with, in general, nonconvex, no smooth, and nondifferentiable 

objective functions. These properties have become more evident and dominant if the effects of the valve point loading of thermal 

generators and the non-linear behaviour of electronic-based devices such as HVDC and PEV Vehicular Fleet are taking into 

consideration. Hence, it becomes essential to develop optimization techniques that are efficient to overcome these drawbacks and 

handle such difficulties. Differential evolution (DE) is an efficient and powerful population-based stochastic search technique for 

solving optimization problems over continuous space, which has been widely applied in many scientific and engineering fields. 

However, the success of DE in solving a specific problem crucially depends on appropriately choosing trial vector generation 

strategies and their associated control parameter values. Employing a trial-and-error scheme to search for the most suitable strategy 

and its associated parameter settings requires high computational costs. Moreover, at different stages of evolution, different 

strategies coupled with different parameter settings may be required in order to achieve the best performance. 

 

Key words – OPF, DE, HVDC, PEV Vehicular Fleet 

 

I INTRODUCTION 

 

Advantages in High Voltage Direct Current (HVDC) technology, and engineers are now considering DC multi-terminal networks 

as a feasible option. Therefore, load flow analysis techniques have to be extended to deal with such mixed HVDC systems. 

Multiterminal DC networks integrated into an existing system can improve AC equipment, loading and stability, contribute to its 

load frequency control (LFC) and voltage regulation, increase interchange capacity, limit short circuit capacity, and contribute to 

the efficiency of electric power transmission. However, multi-terminal DC networks, as well as two-terminal DC links, require 
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communication between converter terminals and control of DC system start-up and shut down. This communication is needed for 

the coordination of operating set points and for DC system structural changes, such as line or terminal outages. The integration of 

DC links or HVDC multi-terminal networks into AC systems is achievable and can be advantageous in certain applications such as 

bulk power transmission, AC network interconnections, and reinforcing AC networks 

With the introduction of electric vehicles (EVs) in to the transport sector, the power sector mainly electric power system will suffer 

a drastic change due to vehicle charging. It is clear, however, that no matter what the percent penetration of the vehicle market, the 

electric utilities must be prepared to accept this load. Among the factors which must be considered are increased loads at the 

transmission level, increased loads at the sub transmission and distribution levels, and increased energy demands. Concerning the 

type of load which the EV presents, the relationship between EV deployment and load management plans should must be considered. 

So, there is a need to improve new models to make easier operation and control of new structure of power system. suitable power 

flow calculation methods, have become important research fields in power engineering to maintain stability and power quality.  

 

II DIFFERENTIAL EVOLUTION 

 

In general, most of the classical optimization techniques mentioned applies sensitivity analysis and gradient-based optimization 

algorithms by linearizing the objective function and the system constraints around an operating point. Unfortunately, the OPF 

problem is a highly non-linear and a multimodal optimization problem. More recently, OPF has enjoyed renewed interest in a 

variety of formulations through use of evolutionary optimization techniques to overcome the limitations of classical optimization 

techniques. A wide variety of advance optimization techniques have been applied in solving the OPF problems such as genetic 

algorithm (GA), simulated annealing, Tabu Search, and particle swarm optimization (PSO). Recently, a new evolutionary 

computation technique, called differential evolution (DE) algorithm, has been proposed and introduced. The algorithm is inspired 

by biological and sociological motivations and can take care of optimality on rough, discontinuous and multi-modal surfaces. The 

algorithm mainly has three advantages: finding the true global minimum regardless of the initial parameter values, fast convergence, 

and using a few control parameters. Being simple, fast, easy to use, very easily adaptable for integer and discrete optimization, quite 

effective in non-linear constraint optimization including penalty functions and useful for optimizing multi-modal search spaces are 

the other important features of DE. 

The differential evolution algorithm was proposed by the storn and price, it is simple yet powerful population based stochastic 

search technique, which is an efficient and effective global optimizer in the continues search domain. DE has been successfully 

applied in diverse fields. Differential evolution algorithm is a population-based algorithm such as genetic algorithms using similar 

operators; crossover, mutation and selection. The main difference between the genetic algorithm and DE is the mutation scheme 

that makes DE self-adaptive and the selection process. In DE, all the solutions have the same chance of being selected as parents. 

DE employs a greedy selection process: the better one of new solution and its parent wins the competition providing significant 

advantage of converging performance over genetic algorithms [Adel A. Abou El-Ela] [5]. 

In DE, there exist many trial vector generation strategies out of which a few may be suitable for solving a particular problem. 

Moreover, three crucial control parameters involved in DE, i.e., population size, scaling factor, and crossover rate, may significantly 

influence the optimization performance of the DE. Therefore, to successfully solve a specific optimization problem at hand, it is 

generally required to perform a time-consuming trial-and-error search for the most appropriate strategy and to tune its associated 

parameter values.  

 

Differential Evolution Algorithm 

1. Differential evolution is same as the evolutionary algorithm, it is also starts with a population of NP D- dimensional search 

variable vectors. 

2. The following generations in differential evolution (DE) will be represented by discrete time steps like t = 0, 1, 2, ……t, t+1, 

etc.  

3. Since the vectors are likely to be changed over different generations, the following notation may be adopted for representing 

the ith vector of the population at the current generation (i.e., at time t =t) as  

𝑋𝑖(𝑡) = [𝑥𝑖,1(𝑡), 𝑥𝑖,2(𝑡),… . . , 𝑥𝑖(𝑡)] 
These vectors are referred to as ‘genomes’ or ‘chromosomes.’ 

4. Several optimization parameters must be tuned. All the parameter which are needed for the DE will called as control parameters 

in the algorithm they are, 

a) Mutation (or differentiation) constant F. 

b) Cross over constant CR, and 

c) Size of population NP. 

The rest of the parameters are  

a. Dimension of problem D that scales the difficulty of the optimization task. 

b. Maximum number of generations (or iterations) GEN, which says the stopping condition. 

c. Lower and higher boundary constraints, respectively which limits the feasible area.  

DE works in a simple cycle of stages 

 

Initialization 
At the very beginning of a DE run either at t=0, problem parameters or independent variables are initialized somewhere in their 

feasible numerical range. Therefore, the jth parameter of given problem has its lower and upper boundary limits as 𝑥𝑗
𝐿 𝑎𝑛𝑑 𝑥𝑗

𝑈, 

respectively then the jth component of the ith population members may be initialized as,  

𝑥𝑖,𝑗(0) = 𝑥𝑗
𝐿 + 𝑟𝑎𝑛𝑑(0,1)(𝑥𝑗

𝑈 − 𝑥𝑗
𝐿)        (1) 

Where, rand (0,1) is a uniformly distributed random number lying between 0 and 1. This vector i.e.,  𝑋𝑖,𝐺 = {𝑥𝑖,𝐺
𝑖 , … . . , 𝑥𝑖,𝐺

𝐷 }, 𝑖 =

1,2,… , 𝑁𝑃 is called as target vector.  
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Mutation, 

 After the initialization, DE employs the mutation operation to produce a donor (or mutation) vector V i, G with respect to each 

individual Xi, G in the target vector. This method of creating donor vector distinguishes between the various DE schemes. For each 

target vector 𝑋𝑖,𝐺  at the generation G, its associates the mutant vector 𝑉𝑖,𝐺 = {𝑣𝑖,𝐺
1 , 𝑣𝑖,𝐺

2 , … . . , 𝑣𝑖,𝐺
𝐷 } can be generated through specific 

mutation strategy. To create the donor vector Vi(t) for each ith member: 

1. Select three other parametric vectors say r1, r2, and r3 vectors are randomly chosen from the current population. 

2. Next, a scalar number F scales the difference between the any two of the three random vectors and the calculated difference 

is added to the third one where the donor vector Vi (t) is obtained. 

3. The process for the jth component of each vector can be expressed as, 

𝑣𝑖,𝑗(𝑡 + 1) = 𝑥𝑟1,𝑗(𝑡) + 𝐹(𝑋𝑟2,𝑗(𝑡) − 𝑥𝑟3,𝑗(𝑡))      (2) 

Where xr1, xr2 and xr3 are three distinct points taken randomly from the current population and not coinciding with the 

current xi. The usual choice for F is a number between 0.4 and 1.0. 

Crossover Operation  

After the mutation operation, crossover operation is applied to each pair of the target vector Xi, G and its corresponding mutant vector 

Vi, G to generate a trail vector. 𝑈𝐼,𝐺 = (𝑢𝑖,𝐺
1 , 𝑢𝑖,𝐺

2 , … . . , 𝑢𝑖,𝐺
𝐷 ). Crossover operation is applied to increase the potential diversity of the 

population. 

There are two kinds of crossover schemes namely: ‘Exponential’ and ‘Binomial’ can be used by DE. In this thesis binomial 

crossover scheme is used which can be performed as follows: 

Crossover is performed on each of the D variable and may be outlined as, 

𝑢𝑖,𝑗(𝑡) = {
𝑣𝑖,𝑗(𝑡)   𝑖𝑓 𝑟𝑎𝑛𝑑 (0,1) < 𝐶𝑅

𝑥𝑖,𝑗(𝑡)        𝑒𝑙𝑠𝑒
        (3) 

In equation (4), the crossover rate CR is specified by user with in the range [1, D]. The binomial crossover operator copies the jth 

parameter of the mutant vector Vi, G to the corresponding element in the trail vector Ui, G if the corresponding element in the trail 

vector Ui, G if randj [0,1] ≤ CR or j=jrand. Otherwise, it is copied from the corresponding target vector Xi, G. There exists another 

exponential crossover operator, in which the parameters of trial vector Ui, G are inherited from the corresponding mutant vector Vi, 

G starting from a randomly chosen parameter index till the first time randj [0,1] > CR. The remaining parameters of the trial vector 

Ui, G are copied from the corresponding target vector Xi, G. The condition j=jrand is introduced to ensure that the trial vector Ui, G will 

differ from its corresponding target vector Xi,G by at least one parameter. DE’s exponential crossover operator is functionally 

equivalent to the circular two-point crossover operator. 

Selection Operation 

Before performing the selection process check whether the values of some parameters of a current trail trial vector exceeds or not. 

If it is exceeded reinitialize them with in the prespecified range. Then the objective function values of all trail vectors are evaluated. 

After that, the selection operation is performed. Selection operation is performed to determine which one of the target vector or the 

trial vector will survive in the next generation i.e. at time t = t + 1. 

𝑋𝑖(𝑡 + 1) = {
𝑈𝑖(𝑡) 𝑖𝑓 𝑓(𝑈𝑖(𝑡))  ≤ 𝑓(𝑋𝑖(𝑡))

𝑋𝑖(𝑡) 𝑖𝑓 𝑓(𝑋𝑖(𝑡)) > 𝑓(𝑈𝑖(𝑡))
        (4) 

 where, f( ) is the function to be minimized. So, if the new trial vector provides a better value of the fitness function, it replaces its 

target in the next generation; otherwise, the target vector is retained in the population. Hence, the population either gets better (w.r.t. 

the fitness function) or remains constant but never worsen. 

 

III HVDC Load Flow 

 

High voltage DC transmission is now an acceptable alternative to AC and is proving an economical solution not only for long 

distance transmission but also for underground and submarine transmission. It also serves as a means to interconnect systems of 

different frequencies or to deal with problems of stability or fault levels [8]. 

High Voltage Direct Current (HVDC) transmission is important for long distance, underground, and submarine transmission. Due 

to the increasing strains on existing systems, it is necessary to develop a better method for performing the load flow analysis of an 

integrated HVDC power system. However, the power flow has to be substantially enhanced to be capable of modelling the operating 

state of the combined AC and DC systems, and this must be done fast and efficiently under the specified conditions of load 

generation and DC system control strategies. 

The development of an enhanced HVDC-load flow system based on the Newton - Raphson method is in two methods they are 

Simultaneous and sequential load flow; Simultaneous load flow is the focus of this paper. The variation of the DC link chosen for 

the problem formulation are:  

(1) the converter, terminal DC voltage;  

(2) the real and imaginary components of the transformer secondary current; 

(3) converting transformer tap ratios; 

(4) the firing angle of the rectifier; and  

(5) the current in the DC link.  

The equations relating these five variables and their solution strategy are discussed. As the model developed is independent of a 

particular control mode of the DC link, the AC and DC link equations are solved separately and thus the integration into a standard 

load flow program is possible without significant modifications of the AC load flow algorithm. In the AC system iterations, each 

converter is designed as a complex power load at the AC terminal bus bar, and the DC link equations are solved using the most 

recent value of the AC bus bar voltage. The AC and DC system equations are solved simultaneously, taking outt the inter-

connectedness of both equations [Arrillaga and Arnold1990] [8] 
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IV MODELLING OF HVDC 

    

Fig 1(a) Modelling of DC Converter Station  1(b) Single phase equivalent circuit for basic converters 

𝑉𝑑𝑘 = (𝐾1𝑇𝑘|𝑉𝑖| cos 𝜃𝑘 −
3

𝑘
𝑋𝑐𝑘𝐼𝑑𝑘)(𝑠𝑔𝑛)𝑘        (5)  

where, 
|𝑉𝑖| = AC terminal voltage 

𝑇𝑘 = Converter transformer taps ratio 

𝑋𝑐𝑘 = commutating reactance 

𝐼𝑑𝑘  = DC current 

𝐾1 = 3√2
𝜋⁄  

(𝑠𝑔𝑛)𝑘 = 1 if the converter at the AC bus bar ‘i’ is a rectifier  

= -1 if the converter at the AC bus bar ‘i’ is an inverter 

𝜃𝑘  = converter control angle 

The active and reactive power flow from the bus to i to all converter stations connected to it ‘k’ is 

𝑃𝑖(𝑑𝑐) = 𝑘1|𝑉𝑖| ∑ (𝑠𝑔𝑛)𝑘𝑇𝑘𝐼𝑑𝑘 cos𝜙𝑘
𝑛
𝑘=1          (6) 

𝑄𝑖(𝑑𝑐) = 𝑘1|𝑉𝑖| ∑ 𝑇𝑘𝐼𝑑𝑘 sin 𝜙𝑘
𝑛
𝑘=1           (7) 

These equations with new injected power Pd and Qd can be written as 

𝑃𝑠𝑐ℎ − 𝑃𝑐𝑎𝑙(𝐴𝐶) − 𝑃𝑐𝑎𝑙(𝐷𝐶) = 0         (8) 

𝑄𝑠𝑐ℎ − 𝑄𝑐𝑎𝑙(𝐴𝐶) − 𝑄𝑐𝑎𝑙(𝐷𝐶) = 0         (9) 

 

V PEV VEHICULAR FLEET 

 

Due to the scarcity of the fossil fuels and environmental pollution automobile industry developing the electric vehicles has a great 

influence in the transport sector which it reduces the air pollution and transport cost the main characteristic of these vehicles is the 

use of batteries as a source to supply all or a part of driving force. An electric vehicle is any motor with rechargeable battery packs 

that can be charged from the electric grid. Charging station of electric vehicles has a great influence on the power system. A charging 

station of a electric vehicle can charge over 300 batteries at a time. The participation of the electrical vehicle fleet to the grid has 

created the need of developing new models aimed at facilitating their inclusion into the electric networks.  

With the introduction of electric vehicles (EVs) in to the transport sector, the power sector mainly electric power system will suffer 

a drastic change due to vehicle charging. It is clear, however, that no matter what the percent penetration of the vehicle market, the 

electric utilities must be prepared to accept this load. Among the factors which must be considered are increased loads at the 

transmission level, increased loads at the sub transmission and distribution levels, and increased energy demands. Concerning the 

type of load which the EV presents, the relationship between EV deployment and load management plans should must be considered. 

So, there is a need to improve new models to make easier operation and control of new structure of power system. This paper covers 

the specific and simple model for PEV fleet suitable for load flow studies. 

 

VI MODELLING OF PEV VEHICULAR FLEET 

 

The schematic diagram of PEV is shown in fig 2 where the batter pack forms the storage unit. This drive includes the three-phase 

power inverter and an AC machine. A power electronic converter, namely VSC, interfaces the on-board storage units with the power 

grid not only to exchange active power, but also reactive power. 

The schematic diagram and equivalent circuit of the VSC based PEV for reactive power control in power flow studies are presented 

in Fig. 3.3 The VSC-based PEV schematic diagram comprises a battery system, a power converter and a coupling inductance. It 

can be appreciated that the VSC-based PEV equivalent circuit for power flow studies can be represented as a complex voltage 

source Vvsc behind the transformer impedance Zvsc [7]. The instantaneous charging status of a PEV batter power equations are given 

below 

 

 

 

Fig 2 VSC-based PEV: (a) schematic diagram, and (b) equivalent circuit 

PEV Vehicular fleet is connected to the 14 bus the power flow equations can be written as, 

𝑉𝑝𝑒𝑣 = |𝑉𝑝𝑒𝑣| ∠𝛿𝑝𝑒𝑣  

𝑌𝑃𝐸𝑉 = 𝑌𝑃𝐸𝑉∠𝜃𝑃𝐸𝑉          (10)  

𝑉𝑘 = 𝑉𝑘∠𝛿𝑘  

The nodal power flow equations at node k are,  

𝑃𝑘 = |𝑉𝑘||𝑉𝑝𝑒𝑣||𝑌𝑝𝑒𝑣| cos( 𝛿𝑝𝑒𝑣 − 𝛿𝑘 + 𝜃𝑝𝑒𝑣)       (11) 

𝑄𝑘 = |𝑉𝑘||𝑉𝑝𝑒𝑣||𝑌𝑝𝑒𝑣| sin( 𝛿𝑝𝑒𝑣 − 𝛿𝑘 + 𝜃𝑝𝑒𝑣)       (12) 
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The complex voltage source generated at the AC side of the VSC is defined as,  

Similarly, the equations that describe the power flow equations at node vsc are, 

𝑃𝑝𝑒𝑣 = |𝑉𝑝𝑒𝑣||𝑉𝑘||𝑌𝑝𝑒𝑣| cos( 𝛿𝑘 − 𝛿𝑝𝑒𝑣 + 𝜃𝑝𝑒𝑣)       (13) 

𝑄𝑝𝑒𝑣 = |𝑉𝑝𝑒𝑣||𝑉𝑘||𝑌𝑝𝑒𝑣| sin( 𝛿𝑘 − 𝛿𝑝𝑒𝑣 + 𝜃𝑝𝑒𝑣)       (14) 

 

VII Power flow equations with HVDC and PEV Vehicular Fleet 

 

The power flow equations for both HVDC and PEV Vehicular fleet 

𝑃𝑝𝑒𝑣 = |𝑉𝑝𝑒𝑣||𝑉𝑘||𝑌𝑝𝑒𝑣| cos( 𝛿𝑘 − 𝛿𝑝𝑒𝑣 + 𝜃𝑝𝑒𝑣)       (15)   

𝑄𝑝𝑒𝑣 = |𝑉𝑝𝑒𝑣||𝑉𝑘||𝑌𝑝𝑒𝑣| sin( 𝛿𝑘 − 𝛿𝑝𝑒𝑣 + 𝜃𝑝𝑒𝑣)       (16) 

𝑃𝑖,𝐷𝐶 = 𝐾1|𝑉𝑖| ∑ (𝑠𝑔𝑛)𝑘𝑇𝑘𝐼𝑑𝑘 cos∅𝑘
𝑛
𝑘=1         (17) 

𝑄𝑖,𝐷𝐶 = 𝐾1|𝑉𝑖| ∑ 𝑇𝑘𝐼𝑑𝑘 sin ∅𝑘
𝑛
𝑘=1          (18) 

𝑃𝑘
𝑐𝑎𝑙 = |𝑉𝑘| ∑ |𝑉𝑖||𝑌𝑖𝑘| cos( 𝛿𝑖 − 𝛿𝑘 + 𝜃𝑖𝑘)𝑛

𝑖=1         (19) 

𝑄𝑘
𝑐𝑎𝑙 = |𝑉𝑘| ∑ |𝑉𝑖||𝑌𝑖𝑘| sin( 𝛿𝑖 − 𝛿𝑘 + 𝜃𝑖𝑘)𝑛

𝑖=1         (20) 

∆𝑃𝑘 = (𝑃𝑘
𝑠𝑝

) − (𝑃𝑘
𝑐𝑎𝑙 + 𝑃𝑘)  

∆𝑃𝑃𝐸𝑉 = (𝑃𝐸𝑉−𝑠) − (𝑃𝑃𝐸𝑉)  

∆𝑃(|𝑉|, 𝛿, 𝑈𝒅𝒄) = (𝑃𝐺𝑖 − 𝑃𝐷𝑖) − 𝑃𝑖,𝑐𝑎𝑙(|𝑉|, 𝛿) − 𝑃𝑖,𝑐𝑎𝑙(|𝑉|, 𝑈𝑑𝑐)  

∆𝑄𝑘 = (𝑄𝑘
𝑠𝑝

) − (𝑄𝑘
𝑐𝑎𝑙 + 𝑄𝑘)         (21) 

∆𝑄𝑝𝑒𝑣 = (𝑄𝑝𝑒𝑣
𝑠𝑝

) − (𝑄𝑝𝑒𝑣
𝑐𝑎𝑙 + 𝑄𝑝𝑒𝑣)  

∆𝑄(|𝑉|, 𝛿, 𝑈𝒅𝒄) = (𝑄𝐺𝑖 − 𝑄𝐷𝑖) − 𝑄𝑖,𝑐𝑎𝑙(|𝑉|, 𝛿) − 𝑄𝑖,𝑐𝑎𝑙(|𝑉|, 𝑈𝑑𝑐)  

 

Now, the mismatch vector can be written as, 

 

[
 
 
 
 
 
 
 
 
 

∆𝑃(𝑉, 𝛿)

∆𝑃(𝑉, 𝛿, 𝑈𝑑𝑐)
− − − −
∆𝑄(𝑉, 𝛿)

∆𝑄(𝑉, 𝛿, 𝑈𝑑𝑐)
− − − −

∆𝑅(𝑉, 𝑈𝑑𝑐)
− − − −
∆𝑃𝑝𝑒𝑣 ]

 
 
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
 
 
 
 
 

𝜕𝑃𝑖

𝜕𝛿𝑖

𝜕𝑃𝑖

𝜕𝛿𝑗
   |𝑉𝑖|

𝜕𝑃𝑖

𝜕|𝑉𝑖|
|𝑉𝑗|

𝜕𝑃𝑖

𝜕|𝑉𝑗|

𝜕𝑃𝑖

𝜕𝑈𝑑𝑐

𝜕𝑃𝑖

𝜕𝛿𝑝𝑒𝑣

𝜕𝑃𝑗

𝜕𝛿𝑖

𝜕𝑃𝑗

𝜕𝛿𝑗

|𝑉𝑖|
𝜕𝑃𝑗

𝜕|𝑉𝑖|
|𝑉𝑗|

𝜕𝑃𝑗

𝜕|𝑉𝑗|

𝜕𝑃𝑗

𝜕𝑈𝑑𝑐
  

𝜕𝑃𝑗

𝜕𝛿𝑝𝑒𝑣

− − − − − − − − − − − − − − − − − − − − − − − − −
𝜕𝑄𝑖

𝜕𝛿𝑖
   

𝜕𝑄𝑖

𝜕𝛿𝑗
    |𝑉𝑖|

𝜕𝑄𝑖

𝜕|𝑉𝑖|
   |𝑉𝑗|

𝜕𝑄𝑖

𝜕|𝑉𝑗|
   

𝜕𝑄𝑖

𝜕𝑈𝑑𝑐
    

𝜕𝑄𝑖

𝜕𝛿𝑝𝑒𝑣

𝜕𝑄𝑗

𝜕𝛿𝑖
   

𝜕𝑄𝑗

𝜕𝛿𝑗

|𝑉𝑖|
𝜕𝑄𝑗

𝜕|𝑉𝑖|
   |𝑉𝑗|

𝜕𝑄𝑗

𝜕|𝑉𝑗|
   

𝜕𝑄𝑗

𝜕𝑈𝑑𝑐
   

𝜕𝑄𝑗

𝜕𝛿𝑝𝑒𝑣

− − − − − − − − − − − − − − − − − − − − − − − − −
𝜕𝑅

𝜕𝛿𝑖
   

𝜕𝑅

𝜕𝛿𝑗

|𝑉𝑖|
𝜕𝑅

𝜕|𝑉𝑖|
   |𝑉𝑗|

𝜕𝑅

𝜕|𝑉𝑗|
   

𝜕𝑅

𝜕𝑈𝑑𝑐
   

𝜕𝑅

𝜕𝛿𝑝𝑒𝑣

− − − − − − − − − − − − − − − − − − − − − − − − −
𝜕𝑃𝑝𝑒𝑣

𝜕𝛿𝑖

𝜕𝑃𝑝𝑒𝑣

𝜕𝛿𝑗
|𝑉𝑖|

𝜕𝑃𝑝𝑒𝑣

𝜕|𝑉𝑖|
   |𝑉𝑗|

𝜕𝑃𝑝𝑒𝑣

𝜕|𝑉𝑗|
   

𝜕𝑃𝑝𝑒𝑣

𝜕𝑈𝑑𝑐
     

𝜕𝑃𝑝𝑒𝑣

𝜕𝛿𝑝𝑒𝑣 ]
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[
 
 
 
 
 
 
 
 
 
 

∆𝛿𝑖

∆𝛿𝑗

− − −
∆|𝑉𝑖|

|𝑉𝑖|
⁄

∆|𝑉𝑗|

|𝑉𝑗|
⁄

− − −
∆𝑈𝑑𝑐

− − −
∆𝛿𝑝𝑒𝑣 ]

 
 
 
 
 
 
 
 
 
 

  (22) 

𝛿𝑖
𝑛+1 = 𝛿𝑖

𝑛 + ∆𝛿𝑖
𝑛 

𝛿𝑝𝑒𝑣
𝑛+1 = 𝛿𝑝𝑒𝑣

𝑛 + ∆𝛿𝑝𝑒𝑣
𝑛  

|𝑉𝑖|
𝑛+1 = |𝑉𝑖|

𝑛(1 +
∆|𝑉𝑖|

𝑛

|𝑉𝑖|
𝑛 )          (23) 

𝑈𝑑𝑐
(𝑛+1)

= 𝑈𝑑𝑐
(𝑛)

+ ∆𝑈𝑑𝑐
(𝑛)

  

Where n is an iteration count. 

 

VIII Optimal power flow with Differential Evolution considering PEV Vehicular Fleet and HVDC 

 

Step 1 Set the generation number G = 0, and randomly initialize a population of NP individuals 𝑃𝐺 = {𝑋𝑖,𝐺 , , 𝑋𝑁𝑃,𝐺} with 𝑋𝑖,𝐺 =

{𝑥𝑖,𝐺
1 , … , 𝑥𝑖,𝐺

𝐷 }, i=1, 2, …, NP uniformly distributes in the range [𝑋𝑚𝑖𝑛 , 𝑋𝑚𝑎𝑥], where 𝑋𝑚𝑖𝑛 = {𝑥𝑚𝑖𝑛
1 , … . , 𝑥𝑚𝑖𝑛

𝐷 } and 𝑋𝑚𝑎𝑥 =

{𝑥𝑚𝑎𝑥
1 ,… . , 𝑥𝑚𝑎𝑥

𝐷 } 

Step 2 Run load flow with Multi terminal HVDC and PEV Vehicular Fleet by the current population 𝑃𝐺 = {𝑋𝑖,𝐺 , , 𝑋𝑁𝑃,𝐺} after 

update power generation 𝑃𝐺 values by checking the generating limits  

Step 3 WHILE stopping criterion not satisfied 

DO 

Step 3.1 Mutation 

Generate a muted vector 𝑉𝑖,𝐺 = {𝑣𝑖,𝐺
1 , … , 𝑣𝑖,𝐺

𝐷 } for each target vector 𝑋𝑖,𝐺 

FOR i = 1to NP 

Generate a muted vector 𝑉𝑖,𝐺 = {𝑣𝑖,𝐺
1 , … , 𝑣𝑖,𝐺

𝐷 } corresponding to the target vector 𝑋𝑖,𝐺  via one of the equations 

Step 3.2 Crossover  

Generate a trail vector 𝑈𝑖,𝐺 = {𝑢𝑖,𝐺
1 , … , 𝑢𝑖,𝐺

𝐷 } for each target vector 𝑋𝑖,𝐺 

Binomial crossover  

For i= 1 to NP  

𝑗𝑟𝑎𝑛𝑑 = [𝑟𝑎𝑛𝑑(0,1) ∗ 𝐷] 
FOR j= 1to D 

𝑢𝑖,𝑗(𝑡) = {
𝑣𝑖,𝑗(𝑡)   𝑖𝑓 𝑟𝑎𝑛𝑑 (0,1) < 𝐶𝑅

𝑥𝑖,𝑗(𝑡)        𝑒𝑙𝑠𝑒
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END FOR 

END FOR 

Step 4  
Before completing the selection process run load flow with Multi terminal HVDC and PEV Vehicular Fleet then updated trail vector 

𝑈𝑖,𝐺 . 

Step 3.3 Selection  

FOR i=1 to NP  

Evaluate the trail vector 𝑈𝑖,𝐺  

IF 𝑓(𝑈𝑖,𝐺) ≤ 𝑓(𝑋𝑖,𝐺), 𝑇𝐻𝐸𝑁 𝑋𝑖,𝐺+1 = 𝑈𝑖,𝐺 , 𝑓(𝑋𝑖,𝐺+1) = 𝑓(𝑈𝑖,𝐺) 

IF 𝑓(𝑈𝑖,𝐺) < 𝑓(𝑋𝑏𝑒𝑠𝑡,𝐺), 𝑇𝐻𝐸𝑁 𝑋𝑏𝑒𝑥𝑡,𝐺 = 𝑈𝑖,𝐺 , 𝑓(𝑋𝑏𝑒𝑠𝑡,𝐺) = 𝑓(𝑈𝑖,𝐺) 
END IF  

END IF 

END FOR 

Step 3.4 increment the generation count G = G+1 

Step 5 END WHILE 

IX RESULTS 

 

The simulation results of the differential evolution method for fuel cost objective function have been applied to IEEE 30 Bus system 

with NR -load flow, it is chosen a benchmark system have more control variables and provide results for comparison of different 

terminal connections of HVDC and PEV vehicular fleet this approach can be generalised and applied for to large scale systems. 

For the test cases IEEE 30 bus and IEEE 14 bus multiterminal HVDC and PEV vehicular fleet load flow is applied for IEEE 30 bus 

system consists of six generators, four transformers and 36 lines and total 25 control variable, for IEEE 14 bus system consists of 

five generators and 17 lines total 21 control variables. For HVDC multi terminal system it consists of 5 control variable 3 dc busses. 

The basic differential evolution method is applied for 5 iterations. The best results for DE combined with HVDC load flow multi 

terminal and two terminal and PEV vehicular fleet with two different test cases for IEEE 30, 14 bus compared below and result s 

are tabulated in tables. 

 

Table 1 Results of DE based cost minimization problem for IEEE 14 bus system with HVDC multi terminal and PEV Vehicular as 

a load. 

  Fig 3(a) cost variation (DE-NR) IEEE 14 bus with 

HVDC multi terminal and PEV vehicular fleet as a load 

 Fig 3(b) fitness variation (DE-NR) IEEE 14 bus with 

HVDC multi terminal and PEV Vehicular as a Load\ 

 

 

 

 

 

Table 2 Results of DE based cost minimization problem for IEEE 14 bus system with HVDC multi terminal and PEV Vehicular 

Fleet as active power injection. 

 

Fig 4(a) cost variation IEEE 14 bus with HVDC multi 

terminal and PEV Vehicular Fleet as active power injection. 

Fig 4(b) fitness variation IEEE 14 bus with HVDC multi 

terminal and PEV Vehicular Fleet as active power injection. 

DIFFERENTIAL EVOLUTION COST MINIMIZATION 

Control Variables Min Max DE-NRLF 

P1 0.10 5.00 2.2731 

P2 0.20 0.80 0.2000 

P3 0.20 0.50 0.2000 

P6 0.20 0.35 0.2000 

P8 0.20 0.30 0.2000 

V1 0.95 1.06 1.0600 

V2 0.95 1.06 1.0450 

V3 0.95 1.06 1.0100 

V6 0.95 1.06 1.0111 

V8 0.95 1.06 1.0165 

COST($/h) 744.1450 

Ploss 0.0831 

DIFFERENTIAL EVOLUTION COST MINIMIZATION 

Control Variables Min Max DE-NRLF 

P1 0.10 5.00 2.3883 

P2 0.20 0.80 0.2000 

P3 0.20 0.50 0.2000 

P6 0.20 0.35 0.2000 

P8 0.20 0.30 0.2000 

V1 0.95 1.06 1.0600 

V2 0.95 1.06 1.0450 

V3 0.95 1.06 1.0100 

V6 0.95 1.06 1.0092 

V8 0.95 1.06 1.0147 

COST($/h) 773.0875 

Ploss 0.1984 
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Table 3 Results of DE based cost minimization problem for IEEE 30 bus system with HVDC multi terminal and PEV Vehicular as 

a load. 

 

Fig 5(a) cost variation (DE-NR) IEEE 30 bus with HVDC 

multi terminal and PEV Vehicular as a load. 

 

Fig 5(b) fitness variation (DE-NR) IEEE 14 bus with HVDC 

multi terminal and PEV Vehicular as a load. 

 

Table 4 Results of DE based cost minimization problem for IEEE 30 bus system with HVDC multi terminal and PEV Vehicular 

Fleet as active power injection. 

 

Fig 6(a) cost variation (DE-NR) IEEE 30 bus with HVDC multi 

terminal and PEV Vehicular Fleet as active power injection 

Fig 6(b) fitness variation (DE-NR) IEEE 14 bus with HVDC 

multi terminal and PEV Vehicular Fleet as active power 

injection. 

X CONCLUSIONS 

 

The DE optimization problem which is an optimization problem with, in general, non-convex, non-smooth, and non-differentiable 

objective functions has been considered in the The properties of the non-convex, non-smooth, and non-differentiable objective 

functions have become more evident and dominant if the effects of the valve-point loading of thermal generators and the non-linear 

behavior of electronic-based devices such as HVDC and PEV vehicular fleet are taken into consideration. Hence, essential 

optimization techniques that are efficient to overcome these drawbacks and handle such difficulties have been developed and 

presented. 

In this thesis work, the differential evolution algorithm was proposed by the storn and price has been presented in detail and applied 

to solve optimization problems. DE have been applied for different objective functions such as fuel cost minimization and applied 

for IEEE 14, 30 bus. From the simulation results obtained on IEEE 30 bus and IEEE 14 bus system, it has been observed that TCPS 

gives better results for DE method for cost objective functions The results have confirmed the potential of the proposed approach 

and showed it effectiveness, robustness, and superiority over the classical techniques and other heuristic methods. 

 

XI REFERENCES 

 

[1] Optimization Methods for Electric Power Systems: An Overview R. C. Bansal Dr 2005 Birla Institute of Technology & Science, 

Pilani. 

[2] Differential Evolution Algorithm with Strategy Adaptation for Global Numerical Optimization A. K. Qin, V. L. Huang, and P. 

N. Suganthan 2009. 

[3] W. Xi-Fan, S. Yonghua and I. Malcolm, Modern Power Systems Analysis, lsbn 978- 0-387-72852-0, 2009.  

[4] G. John and S. William, Power System Analysis, Mcgraw-Hill: lsbn 0-07-061293-5, 1994 

DIFFERENTIAL EVOLUTION COST MINIMIZATION 

 Control Variables Min Max DE-NRLF 

P1 0.50 2.00 1.6363 

P2 0.20 0.80 0.5738 

P5 0.10 0.35 0.1723 

P8 0.10 0.30 0.1274 

P11 0.15 0.50 0.2149 

P13 0.15 0.40 0.1500 

V1 0.95 1.05 1.0500 

V2 0.95 1.05 1.0450 

V5 0.95 1.05 1.0100 

V8 0.95 1.05 1.0179 

V11 0.95 1.05 1.0099 

V13 0.95 1.05 1.0079 

COST($/h) 772.5612 

Ploss 0.0405 

DIFFERENTIAL EVOLUTION COST MINIMIZATION 

 Control Variables Min Max DE-NRLF 

P1 0.50 2.00 1.6532 

P2 0.20 0.80 0.6468 

P5 0.10 0.35 0.1899 

P8 0.10 0.30 0.1298 

P11 0.15 0.50 0.2161 

P13 0.15 0.40 0.1500 

V1 0.95 1.05 1.0500 

V2 0.95 1.05 1.0450 

V5 0.95 1.05 1.0100 

V8 0.95 1.05 1.0171 

V11 0.95 1.05 1.0089 

V13 0.95 1.05 1.0059 

COST($/h) 804.4385 

Ploss 0.1519 

http://www.jetir.org/


© 2022 JETIR September 2022, Volume 9, Issue 9                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2209213 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b910 
 

[5] Optimal power flow using differential evolution algorithm Article in Electrical Engineering · August Adel A. Abou El -Ela, S. 

R. Spea, Mohammed Abido 2009. 

[6] Differential Evolution Algorithm with Strategy Adaptation for Global Numerical Optimization kai qin, ponnuthurai N. 

Suganthan 2009 

[7] Power Flow Modeling and Analysis of Voltage Source Converter-Based Plug-in Electric Vehicles A. Jimenez, Student Member, 

IEEE 

[8]  Arrillaga, J.; Arnold, C., Computer Analysis of Power Systems, London: John Wiley and Sons Ltd, 1990. 

[9] IEEE Transactions on Power Apparatus and Systems, Vol. PAS-99, No. 1 Jan./Feb. 1980 

A NEW, FAST TECHNIQUE FOR LOAD-FLOW SOLUTION OF INTEGRATED MULTI-TERMINAL DC/AC SYSTEMS 

M.M. El-Marsafawy R.M. Mathur Student Member, IEEE Senior Member, IEEE 

[10] IEEE Transactions on Pover Apparatus and Systems, Vol. PAS-95, no. 1, januarylfebruary 1976 INCLUSION OF DC 

CONVERTER AND TRANSMISSION EQUATIONS DIRECTLY IN A NEWTON POWER FLOW DUANE A. BBAUNAGEL, 

MEMBER LEONARD A, KRAFT, "BER JENEL L. WHYSONG 

[11] A heuristic method for the real-time load flow solution of integrated multiterminal AC-DC power systems G. Durga Prasad 

and P. Seshagiri Rao Electrical Engineering Department, Indian Institute of Technology  

[12] W. Kempton and J. Tomi´c, “Vehicle-to-grid power fundamentals: Calculating capacity and net revenue”, Journal of Power 

Sources, Vol. 144, Issue 1 pp. 1-12, June 2005.  

[13] S. L. Judd, and T. J. Overbye, “An Evaluation of PHEV Contributions to Power System Disturbances and Economics”, Power 

Symposium, NAPS’08, Calgary, AB, 28-30 September 2008.  

[14] G.T. Heydt, “The Impact of the Electric Vehicle Deployment on Load Management Strategies”, IEEE Transact ions on Power 

Apparatus and Systems, Vol PAS 102, No. 5, pp.1253-1259, May 1983. 

[15] R. García-Valle and J.G. Vlachogiannis, “Electric Vehicle Demand Model for Load Flow Studies”, Electric Power Components 

and Systems, Vol. 33, No. 10, pp. 577-581, October 2008. 

[16] J.G. Vlachogiannis, “Probabilistic Constrained Load Flow Considering integration of Wind Power Generation and Electric 

Vehicles”, IEEE Transactions on Power Systems, Vol. 24, No.4, pp. 1808 – 1817, November 2009  

[17] N. Jenkins, R. Allan, P. Crosley, D. Kirschen and G. Strbac, Embedded Generation, IEE, London, 2000.  

[18] C. Angeles-Camacho, O. L. Tortelli, E. Acha and C. R. Fuerte-Esquivel, “Inclusion of a high voltage DC-voltage source 

converter model in a Newton–Raphson power flow algorithm”, IEE Proceedings of Generation, Transmission and Distribution, 

Vol. 150, No. 6, pp 691-696, November 2003. 

[19] A Full-Newton AC-DC Power Flow Methodology for HVDC Multi-Terminal Systems and Generic DC Network 

Representation Leandro Almeida Vasconcelos 1, João Alberto Passos Filho 2,* , André Luis Marques Marcato 2 and Giovani 

Santiago Junqueira.  

[20] IEEE Transactions on Power Apparatus an8 Systems, Vol. PAS-96, no. 3, mayijune 1977 VERSATILE LOAD floll HETHOD 

FOR mjltitepvillal HVDC SYSTEMS J. Reeve 6. Fahny n. Stott 'University of Haterloo Ontario, Canada 

[21] U.S. Department of Energy, “Alternative Fuels Data Center: Maps and Data - U.S. Plug-in Electric Vehicle Sales by Model,” 

2017 

[22] A. Cooper and K. Schefter, “Plug-in Electric Vehicle Sales forecastthrough 2025 and the Charging Infrastructure Required,” 

The Edison Electric Institute (EEI) and the Institute for Electric Innovation (IEI), Tech. Rep., 2017. 

[23] R. C. Leou, C. L. Su, and C. N. Lu, “Stochastic analyses of electric vehicle charging impacts on distribution network,” IEEE 

Trans. Power Syst., vol. 29, no. 3, pp. 1055–1063, May 2014. 

 

http://www.jetir.org/

