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Abstract— The objective of this work is to formulate the 

optimal power flow problem for isolated micro-grids and 

solve it using the Particle Swarm Optimization (PSO). The 

implementation is done on a 34-bus radial distribution system 

where the power flow solution is obtained using the solution 

of quadratic equation in the Backward-Forward Sweep 

technique. This power flow algorithm includes the model of 

load, power generated from the renewables such as wind and 

solar photovoltaic systems to calculate the amount of power 

required from the diesel generators for optimal operation. A 

realistic data profile is provided to these models considering 

for a period of over 24-hour duration for loads, solar 

photovoltaic systems and wind profile. The solution of this 

optimization problem is obtained by varying different system 

parameters of the PSO such as number of particles, inertia and 

acceleration factor. 
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I. INTRODUCTION 

Micro-grid is the cluster of loads and distributed generating 

units which are treated as controlled cell units of the power 

systems [1]. The decentralized power generation including 

both the conventional fossil fuel and renewable energy based 

power generations with high penetration can be 

accommodated with this micro-grid. The micro-grid can be 

operated as an isolated power system or it can be included as 

a participant in the existing power system.       

Different power flow methods are developed for the 

transmission and distribution systems. The fast-decoupled 

load flow [2] which is based on the transmission systems is 

not suitable for the distribution power systems due to ill 

condition of system. Similarly, the Newton’s method [3] 

requires more processing and memory requirements for 

computation of power flow solution of isolated power 

systems. Considering the high R/X ratio and the radial nature 

of the distribution power systems, various algorithms have 

been developed in the past few decades. A complete review 

of the different optimal power flow approaches for the smart 

grids and micro-grids are presented in [4]. Distributed 

algorithms for the OPF problem which is decomposed into 

multiple sub problems which can be solved simultaneously 

are presented in the literature, one such approach is the 

alternating direction method of multiplier (ADMM) [5] – [7]. 

The tree topology of the distribution networks is exploited to 

decompose the OPF problem into sub problems and execute 

it in ADMM macro-iteration either to get a closed-form 

solution or to reduce it to eigen value problem such that the 

size remains constant as the networks scales up. A 

decentralized algorithm was developed using ADMM to 

make closed-form updates for each node based on the 

scenario. The other approaches include the active-reactive 

optimal power flow (A-R-OPF) [8] with embedded wind 

generation and battery storage. The classical OPF is used to 

optimize the system for a single point in time, but the 

Dynamic Optimal Power Flow (DOPF) [9] which behaves as 

an extension of the OPF covers a wide range of multiple time 

periods. 

The Backward-Forward sweep approach for the 

radial systems also presented in the past [10]. This method 

uses a linear model for handling constant power loads in 

radial and weakly meshed distribution systems. The main 

advantage of this approach is that it uses relatively less 

computational power and converges quickly compared to the 

conventional approach such as the Newton’s method. The 

system efficiency is improved with different approaches such 

as the economic dispatch, which will make the generation 

dispatch based on the total load demand and the cost curve of 

individual generator’s cost. The economic dispatch has some 

constraints such as the power balance failure due to the 

transmission losses. These issues can be resolved in the 

Optimal Power Flow (OPF).  [11] A methodology for solving 

economic dispatch problem for micro-grids using multi agent 

system give us the basic idea about the problem. [12] The 

nonlinear constraints of the distributed networks can be 

handled by the particle swarm optimization algorithm using 

the control variables of the Optimal Power Flow equations.  

Conventional optimal power flow algorithms do not 

consider the topological features of the isolated power 

systems which are mostly radial in nature. Unlike the typical 

power systems which consist of generation, transmission and 

distribution, the isolated power systems consist of generation 

and distribution in which the loads are closely packed. This 

topology is applicable to the power supplies in islands, 

remote villages, mobile defense units and critical load centers 

which require uninterrupted power supply. These isolated 

power systems are not connected to the main grid due to the 

geographical and political constraints such as rough terrain 

and remote operability of defense troops. The cost of the 

fossil fuel for the generation units are relatively high due to 

the geographical constraints, due to this an optimal schedule 

for the generation is required to minimize the fuel 

consumption. 

II. PROBLEM FORMULATION 

The objective of the optimal power flow is to simultaneously 

minimize the fuel cost of the diesel generator and to satisfy 

the load demand of the micro-grid over a period. It considers 

the quadratic fuel cost of the conventional power generation. 

There are other constraints such as the generator operation 

constraint, voltage constraints and line flow constraints which 

have to be satisfied with the formulation mentioned above. 

The OPF model represented as a constrained optimization 

problem at specific a specific interval is represented as  
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Min Ft =  ∑ Fi

m

i=1

(Pi) =   ∑ aiPi
2 +  biPi + 

m

i=1

ci (1) 

The lists of constraints are as follows 

Power Balance 

Pnet =  ∑ P

n

i=1 i

(|V|, θ);  Qnet =  ∑ Qi

n

i=1

(|V|, θ) (2) 

Generator Operation Constraints 

Pi
min ≤  Pi ≤  Pi

max; Qi
min ≤  Qi ≤  Qi

max (3) 

Voltage Constraints 

Vi
min ≤  Vi ≤  Vi

max (4) 

Line flow Constraints 

PLq,r
min ≤  PLq,r ≤  PLq,r

max (5) 

The generation cost function Fi(Pi) is formulated as 

a quadratic polynomial with cost coefficients as ai, bi and ci 

for ith generator with total m number of generators. Pnet is the 

total active power and Qnet is the total reactive power of the 

n-bus system. Vi is the voltage of the generation and load 

buses. Pi is power generated by the ith generator. PLq,r is the 

real power flow of line q with total number of transmission 

lines equal to r. 

A. Modelling of Load 

In Backward-Forward sweep power flow technique for radial 

distribution systems, the quadratic solution based model for 

loads have been used. In the backward sweep, the power flow 

in each is estimated using the voltage values that are 

estimated in the previous iteration. As the accumulation 

process is carried out from the bottom most bus to the top 

most bus which is slack bus, this is popularly known as 

backward sweep. In a general scenario, after backward 

sweep, all buses will have equivalent power injections 

looking towards the bottom most node. Hence starting from 

the slack bus which is the top most node, the receiving end 

side voltage is calculated using the sending end voltage and 

the power injections at receiving end. This process is termed 

as Forward sweep. The load model which is based on the 

solution of quadratic solution is implemented in the forward 

sweep.  

 
Fig. 1: Equivalent Two Bus Model with Load Model 

To find the bus voltages in the forward sweep, 

consider a two-bus system, as shown in Fig.1, where the 

sending end voltage Vs is known and the receiving end 

voltage Vr is to be computed. Let the impedance of the line 

segment be zsr . The receiving end bus is loaded with and 

constant power Sr. Receiving end bus voltage can be obtained 

by solving standard quadratic equation, 

ApVr
2 + BpVr + Cp = 0 (6) 

Where 

Ap =
Vs

∗

Vs

;  Bp =
Sr

∗zsr − Srzsr
∗

Vs

− Vs
∗;  Cp = Srzsr

∗  (7) 

The receiving end voltage can be updated for 

constant power loads. 

B. Modelling of Conventional Power Sources 

As most of the diesel generators have frequency control unit 

and voltage control, these controllers will maintain their 

terminal voltage magnitude constant by providing the 

necessary reactive power support. Hence, it can be modelled 

as a PV bus because the active power injection and nodal 

voltage magnitude will be constant. In order to obtain the 

solution in a backward forward sweep power flow program, 

the necessary amount of reactive power supplied by the 

generators need to be calculated such that the specified 

voltage magnitudes can be maintained at its terminals.  

 Let Γ be a set of bus numbers where voltage 

controlled distributed generations are located. Let V be the 

vector of complex voltages estimated at the terminals given 

in Γ where generators are connected. This vector can be 

written in rectangular form as  

V = e + ℹ f (8) 

 In order to make this generator terminal voltage 

magnitudes equal to the specified voltage magnitudes, let 

complex currents given in vector c′ + ℹ d′ be injected at the 

terminals given in Γ respectively. For analysing the effect of 

these current sources, the principle of superposition is applied 

where the slack bus grounded and other buses are open 

circuited except the terminals given in Γ. The voltage at the 

terminals where the current sources are connected can be 

given in rectangular form as e′ + ℹ f ′. The voltage magnitude 

at the generator terminals will be equal to specified values 

due to the addition of current sources which can be 

mathematically written as 

|Vj| = √(ej + ej
′)

2
+ (fj + fj

′)
2

    ∀j ∈ Γ (9) 

By assuming fj
′ ≅ 0, 

ej
′ = −ej + √|Vj|

2
− fj

2           ∀j ∈ Γ (10) 

 Using 0, a vector e′ is formed and using it the 

required value of current vector c′ + ℹ d′ need to be injected 

is calculated by 

c′ + ℹ d′ = ZDG
−1e′  (11) 

 where ZDG is the part of bus impedance matrix 

corresponding to the buses given in Γ keeping slack bus as 

reference. In load flow program, the value of power injection 

by these current sources can be written as 

∆Pj + ℹ ∆Qj = ((ej + ej
′) + ℹ(fj + fj

′)) (cj
′

− ℹ dj
′) 

(12) 

 Let fj
+ = fj + fj

′. As these current sources only inject 

reactive power to compensate the voltage, the real part of 0 

which is the real power injection ∆Pj has been equated to zero. 

Thus ∆Qj can be calculated as  

∆Qj = fj
+cj

′ − (ej + ej
′)dj

′ (13) 

where 

fi
+ =

(ej + ej
′)cj

′

dj
′  (14) 
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C. Modelling of Renewable Power Sources 

 
Fig. 2: Steady State Equivalent Circuit of Induction 

Generator 

Majority of the solar photovoltaic systems operate in 

unity power factor and not able to provide reactive power 

support. So, it can be modelled as PQ bus in a same manner 

which is explained in the section for the load modelling, 

keeping reactive power injection zero and making necessary 

sign change for real power injection. But this kind of 

modelling is not applicable for Type-1 wind generators as 

induction generators (IG) were used for such generations. In 

order to model it for backward forward sweep power flow 

program, consider an induction generator whose steady state 

equivalent circuit is given in Figure Error! Reference 

source not found., where the variables Rs, Xls, Rr, Xlr, R0, 

X0 represent stator resistance, stator leakage reactance, rotor 

resistance, rotor leakage reactance, core loss resistance and 

magnetizing reactance respectively. 𝑃𝑠ℎ And (𝑃 + ℹ𝑄) are 

the shaft power and the electrical power supplied by IG at its 

terminals. These are converted into complex form as 

𝑍𝑠 = 𝑅𝑠 + ℹ𝑋𝑙𝑠 (15) 

𝑍𝑟 = 𝑅𝑟 + ℹ𝑋𝑙𝑟  (16) 

𝑍0 =
ℹ𝑅0𝑋0

𝑅0 + ℹ𝑋0

 (17) 

The governing formulae of the IG can be written as  

𝑃𝑠ℎ = 𝑉𝑠ℎ
∗ (

𝑉𝑠ℎ − 𝑉𝑚

𝑍𝑟

) (18) 

𝑽𝒎 Can be rewritten as 

𝑉𝑚 = 𝑉𝑠ℎ −
𝑍𝑟𝑃𝑠ℎ

𝑉𝑠ℎ
∗  (19) 

After some algebraic manipulations, Vsh can be expressed in 

a standard form for quadratic equation as 

𝐴𝑖𝑔𝑉𝑠ℎ
2 + 𝐵𝑖𝑔𝑉𝑠ℎ + 𝐶𝑖𝑔 = 0 (20) 

 

𝑉𝑠ℎ =

−𝐵𝑖𝑔 + √𝐵𝑖𝑔
2 − 4𝐴𝑖𝑔𝐶𝑖𝑔

2𝐴𝑖𝑔

 
(21) 

Where 

𝐴𝑖𝑔 =
𝑍𝑠𝑍𝑝1

∗ 𝑉𝑙𝑑
∗

𝑍𝑠
∗𝑍𝑝1𝑉𝑙𝑑

 
(22) 

𝐵𝑖𝑔 =

(
𝑍𝑝1

∗ 𝑍𝑟
∗

𝑍𝑝2
∗ −

𝑍𝑝1𝑍𝑟

𝑍𝑝2
) 𝑃𝑠ℎ

𝑍𝑝1𝑉𝑙𝑑

𝑍𝑠

−
𝑍𝑝1

∗ 𝑉𝑙𝑑
∗

𝑍𝑠
∗

 

(23) 

𝐶𝑖𝑔 = −
𝑍𝑝1

∗ 𝑍𝑟
∗

𝑍𝑝2
∗ 𝑃𝑠ℎ 

(24) 

 The value of electric power supplied by the IG at its 

terminals can be given as 

𝑷 + ℹ𝑸 = 𝑷𝒔𝒉 − |
𝑷𝒔𝒉

𝑽𝒔𝒉
∗ |

𝟐

𝒁𝒓 − |
𝑷𝒔𝒉

𝑽𝒔𝒉
∗ −

𝑽𝒎

𝒁𝟎

|

𝟐

𝒁𝒔

−
|𝑽𝒎|𝟐

𝒁𝟎
∗  

(25) 

This model can be used to update the real and 

reactive power supplied by IG at every iteration of the load 

flow program. 

III. IMPLEMENTATION USING PSO 

The optimal power flow algorithm for isolated microgrids has 

been coded in MATLAB. It has two major subsystems. The 

first subsystem is the Backward-Forward Sweep Distribution 

Power Flow which takes the estimated power injections and 

voltage magnitudes at the nodes of diesel generators from the 

optimization program. It also requires the network parameters 

and the profiles of load, solar photovoltaic and wind 

generations as input. Using these, it will calculate the bus 

voltages which will be fed back to the optimization program 

which will iteratively finds the optimal value of power 

generation of the diesel generators. This section will detail 

both the algorithms which have been implemented for 

optimal power flow for isolated microgrids. 

 
Fig. 3: Numbering of Branches for Backward-Forward 

Sweep as given in [10] 

A. Backward-Forward Sweep Radial Power Flow 

Algorithm 

1) Initialise all bus voltages and asign level based numbers 

to the branches as shown in as shown in Fig. 3. 

2) Calculate the elements of Bus Impedance Matrix 

corresponding to the diesel generator buses. The power 

injections of solar voltaic system is added with the loads 

at their respective buses with opposite sign.  

3) The inducation generator connected buses are marked as 

PQ buses with P and Q injection calculated using 0. 

4) From the voltage values which are estimated, the power 

flows in each line are calculated using the backward 

sweep. 

5) By the process of forward sweep, the values of the bus 

voltages are calculated using Error! Reference source 

not found.. 

6) The difference in the magnitude of the calculated 

voltages at diesel generator buses with its specified 

values are calculated and the nessary corrections 

required in Q injections are calculted using 0 and updated 

this value in respective buses. 

7) Repeat from step 3) if convergence criteria is not 

satisfied. 
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B. Particle Swarm Optimization for OPF 

The PSO algorithm is based on the following approach which 

is used to solve the OPF problem. The particle coordinates of 

n dimentional space is represented by 𝑥 and the 𝑖𝑡ℎ particle 

coordinate is 𝑥𝑖 = (𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑖𝑛). The velocity rate of the 

particle 𝑖 in 𝑛 dimension is 𝑣𝑖 = ( 𝑣𝑖1, 𝑣𝑖2, … , 𝑣𝑖𝑛). The best 

position recorded for the 𝑖𝑡ℎ particle is denoted by 𝑝𝑏𝑒𝑠𝑡𝑖 =
(𝑝𝑏𝑒𝑠𝑡𝑖1, 𝑝𝑏𝑒𝑠𝑡𝑖2 , … , 𝑝𝑏𝑒𝑠𝑡𝑖𝑛) and the best location of the 

neighboring particle group is denoted by 𝑔𝑏𝑒𝑠𝑡𝑛. The new 

velocity and position values for the next time division 𝑡 + 1 

are determined based on the distance of the 𝑖𝑡ℎ particle from 

𝑝𝑏𝑒𝑠𝑡𝑖𝑛  and 𝑔𝑏𝑒𝑠𝑡𝑛. 

𝑣𝑖𝑛
(𝑡+1)

= 𝑤. 𝑣𝑖𝑛
(𝑡)

+  𝑘1 ∗ 𝑟𝑎𝑛𝑑()

∗ (𝑝𝑏𝑒𝑠𝑡𝑖𝑛 −  𝑥𝑖𝑛
(𝑡)

) 

+ 𝑘2 ∗ 𝑅𝑎𝑛𝑑() ∗ (𝑔𝑏𝑒𝑠𝑡𝑖𝑛 − 𝑥𝑖𝑛
(𝑡)

) 

(26) 

𝑥𝑖𝑛
(𝑡+1)

= 𝑥𝑖𝑛
(𝑡)

+  𝑣𝑖𝑛
(𝑡+1)

 , 𝑖 = 1,2, … , 𝑚, 𝑛 =

1,2, … , 𝑝  
(27) 

m = number of particles in a group  

k1,k2 = acceleration constant 

p = number of members in a particle 

t = iteration number 

w = weight of inertia 

𝑅𝑎𝑛𝑑(), 𝑟𝑎𝑛𝑑() = 𝑟𝑎𝑛𝑑𝑜𝑚 𝑣𝑎𝑙𝑢𝑒 𝑤𝑖𝑡ℎ𝑖𝑛 [0,1] 

𝑣𝑖
(𝑡)

=  𝑖𝑡ℎ 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑎𝑡 𝑡𝑡ℎ 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛   

𝑥𝑖
(𝑡)

= 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑡ℎ 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑖𝑛 𝑡𝑡ℎ 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝑉𝑑
𝑚𝑖𝑛 ≤ 𝑣𝑖𝑛

(𝑡)
≤ 𝑉𝑑

𝑚𝑎𝑥 

𝑉𝑚𝑎𝑥 Determines the resolution for the search 

regions, if it is high the particles will miss the solution and if 

it is low the exploration will be limited to the local solutions. 

The constants 𝑘1and 𝑘2determines the acceleration weight for 

the movement of the particles towards 𝑝𝑏𝑒𝑠𝑡 and 𝑝𝑏𝑒𝑠𝑡 

respectively. Low values of the acceleration factor make the 

particles to roam a wider area while the higher values push 

the particles abruptly to the target regions. Due to these 

constraints, there is requirement to find the optimal weight 

which will bridge the global and local explorations. This will 

reduce the number of iterations and converge to an optimal 

value faster. The inertia weight 𝑤 is chosen based on the 

following equation.  

𝑤 = 𝑤𝑚𝑎𝑥 −
𝑤𝑚𝑎𝑥 − 𝑤𝑚𝑖𝑛

𝑖𝑡𝑒𝑟𝑚𝑎𝑥

× 𝑖𝑡𝑒𝑟 (28) 

Where 

𝑖𝑡𝑒𝑟𝑚𝑎𝑥  =maximum number of iterations 

𝑖𝑡𝑒𝑟=current iteration 

IV. RESULTS AND DISCUSSIONS 

The optimal power flow program has been tested on IEEE 34 

bus system [16]. The loads are varied in a realistic manner 

over 24-hour duration in an hourly manner which is taken 

from [17]. Three Solar photovoltaic systems are considered 

with maximum capacity of 50kW are connected at buses 10, 

27 and 30 respectively. Four Type-1 wind generators of 

capacity 220kW, 55kW, 22kW and 11kW are connected to 

bus 12. The data for these wind generators are taken from 

[18]. The realistic profiles of solar photovoltaic system and 

wind generation are considered which are taken from [19] and 

[20] respectively. Three diesel generators are considered in 

the problem with a maximum capacity of 1500 kW and 

connected to buses 1, 7 and 10 where bus 1 acts as the slack 

bus. The function of diesel consumption for the given 

generated power for these diesel generators are taken from 

[21]. The Particle Swarm Optimization toolbox for 

MATLAB [22] has been adopted for solving the optimization 

problem.  

Case 

Name 

Number of 

Particles 

Acceleration 

Factor 

Weight of 

inertia 

1 30 2 0.4 to 0.9 

2 25 3 0.5 to 0.9 

3 30 1 0.5 to 0.9 

Table I: Choices of PSO Parameters in Different Cases 

As the parameters of PSO which are number of 

particles, acceleration factor and weight of inertia need to be 

tuned to appropriate value, three cases are considered by 

varying these parameters. The choices of these parameters in 

each case, are given in Table 1. For each hourly data. 

 
Fig. 4: Power Generation Schedule in Case 1 

 
Fig. 5: Voltage Profile across all buses in Case 1 

 
Fig. 6: Power Generation Schedule in Case 2 



Implementing Backward-Forward Sweep Technique for Optimal Power Flow in Micro-Grids using PSO 

 (IJSRD/Vol. 5/Issue 10/2017/110) 

 

 All rights reserved by www.ijsrd.com 451 

 
Fig. 7. Voltage Profile across all buses in Case 2 

 
Fig. 8. Power Generation Schedule in Case 3 

 
Fig. 9. Voltage Profile across all buses in Case 3 

Figures 4, 6, and 8 show the values of optimal power 

generation for each diesel generator for minimizing fuel cost 

for the three cases respectively. Figures 5, 7 and 9 show the 

voltage profile across all the buses over the 24-hour duration 

for the three cases respectively. It is to be noted that during 

the night time, the wind power generation is more and the 

load will be less. Hence for optimal operation, the generations 

which are nearer to the loads are needed to be operated rather 

than remote generators (in this case, P1) which can be 

operated with minimum capacity. On the contrast, during the 

day time operation, even though solar power is available, as 

the load is high, all the three diesel generators need to be 

operated at full capacity because the wind generation will be 

low at that time. It is evident that the voltage profile of the 

bottom most node is seriously affected, if the load level 

increases. 

 
Fig. 10: Comparison of Three Cases in Fuel Consumption 

In order to compare the choice of PSO parameters, 

the value of the objective function which is fuel consumption 

is computed from the generation schedules obtained in each 

case over the 24-hour duration. These values are plotted in 

figure 10. It is easy to see that, during the light load period 

which is morning and night duration, all the cases give the 

same solution. But during heavily loaded condition, in some 

the three cases give different values of fuel consumption. It is 

difficult to say which case has the ideal PSO parameters 

because it may give a minimum value at one instant but it is 

may be not the minimum solution at another instant. This may 

be due the fact that majority of the diesel generators are 

running at their maximum output and the balance power is 

feed by the remaining generators.  

It is suggested that, in this scenario at maximum 

loaded condition, two of the diesel generators can be fixed to 

its maximum value of 1500kW. After that the backward 

forward sweep algorithm is used to obtain the generation 

schedule of the remaining diesel generator. This can be done 

for a couple of combinations and the solution which gives the 

least fuel consumption is selected. This can avoid solving an 

optimization problem which is computationally costly. 

V. CONCLUSION 

An optimal power flow algorithm for isolated microgrids has 

been presented. This algorithm uses the Backward-Forward 

sweep technique which exploits the radial feature that is 

present in the distribution system of isolated micro grids. A 

quadratic solution based modeling of loads in backward-

forward sweep technique has been developed. The same kind 

of technique has been extended for modelling diesel 

generators, solar photovoltaic systems and type-1 wind 

generators. Particle Swarm Optimization technique has been 

used for solving the optimal power flow problem. The 

algorithm is tested on IEEE 34 bus distribution system with a 

realistic profile of loads, solar and wind over a 24-hour 

duration. The OPF program has been executed in different 

cases by varying the values of PSO parameters. It is observed 

that the solutions in those cases have variations during the 

peak load condition. It is suggested that by running radial 

power flow algorithm keeping power injections constant in 

different combination, the minimum operating cost condition 

can be obtained even without the optimization algorithm. 
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