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Abstract—Most, Libyan distribution networks now suffer 

from voltage drops and extensive power losses due to an 

increasing demand for power. This study aims to provide a 

modern technical solution for this problem by applying the 

principle of distributed generation (DG). The study utilizes 

particle swarm optimization (PSO) and a direct approach for 

distribution load flow solutions. The proposed methods are 

investigated by examining the use of diesel generators as DG 

units in a real distribution network which is part of the Houn 

(11kV) distribution network. A comparative study shows that 

installing DG units can succeed in considerably reducing 

power losses and improving the voltage profile, in addition to 
reducing the power capacity derived from the main grid. 
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I. INTRODUCTION 

As a result of high growth in the demand for electricity in 
Libya and limited development of the electrical power 
system, operators have been forced to apply the peak shaving 
technique to reduce electrical power consumption, in order to 
maintain network stability and prevent grid blackouts. Under 
conditions when the demand is higher than normal, at the 
distribution level, the distribution networks suffer from 
problems such as voltage violations, high line loadability, 
outages and increased power losses. In such cases, a variety 
of techniques including capacitor installation, system 
reconfiguration and the installation of distributed generation 
(DG) can be used to reduce power losses and improve the 
voltage profile. 

DG units are defined as energy storage devices and/or 
small power generation units ranging from a few kilowatts to 
50 MW. As distributed energy resources, they are typically 
placed near customer loads or distribution and sub-
transmission substations. DG sources make use of various 
technologies such as photovoltaic cells, wind generation, 
combustion engines and fuel cells [1]. 

The installation of DG is becoming more prevalent in 
distribution systems due to the generally positive impact on 
power networks. Some major benefits of integrated DG 
include reducing power losses, improving voltage profiles, 
reducing emission impacts and improving power quality. 
However, the installation of DG units of inappropriate size at 
non-optimal locations may result in effects contrary to those 
intended, such as increased system power losses, higher 

costs, and problems related to the voltage state, protection, 
harmonics and stability. Therefore, the placement and size of 
DG units should be carefully considered. 

For these reasons, solution techniques for DG 
deployment should be obtained by using optimization 
methods. Various optimization techniques have been 
employed to address the issue of DG allocation, such as the 
genetic algorithm, tabu search, simulated annealing, ant 
colony optimization and particle swarm optimization [2]. 

In this paper, a set of diesel generators, the most common 
type of DG unit available in the local market, was 
investigated for the Houn (11kV) distribution network. The 
study was carried out by using the particle swarm 
optimization approach to obtain the optimum placement and 
size of the DG units. The results showed that the installation 
of DG units can succeed in considerably reducing power 
losses and improving the voltage profile, in addition to 
reducing the power capacity derived from the main grid. 

II. PROBLEM FORMULATION 

Optimized DG allocation is formulated as a constrained 
nonlinear integer optimization problem. An optimization 
problem can be defined mathematically as the minimization 
or maximization of a function referred to as the objective 
function, while satisfying a number of equality and/or 
inequality constraints on the function variables 

A. Objective Function 

As described above, the location and size of the DG units 
are chosen so as to obtain the minimum total active power 
loss in the distribution system. Therefore, the objective 
function for this study represents the total real power system 
[3]: 

 Minimize {PLoss} = Ibus
T  Rbus  Ibus

*            (1) 

where: 

Ibus  the column vector of the injected bus currents. 

Rbus the real part of the bus impedance matrix. 

B. Constraints: 

Subject to various constraints on DG operation, the 
objective function is minimized in order to satisfy the 
electrical requirements for the distribution network. 
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1) Power Balance: The power balance is given by 
nonlinear power flow equations, which state that at 
each bus, the sum of the power flows injected into 
the bus should be equal to the power flows 
extracted from that bus. 

 PDGi - PDi - Pi = 0           (2) 

2) Bus Voltage Limits: Bus voltage magnitudes for the 
radial distribution system are to be kept within 
acceptable operating limits, imposed by a system 
operator. The boundary constraint can be expressed 
as follows: 

 Vmin < Vi < Vmax         (3) 

where: 

Vmin  the lower bound of bus voltage limits  0.95 pu. 

Vmax  the upper bound of bus voltage limits 1.05 pu. 

3) DG Capacity: The output power of each DG unit is 
constrained by upper and lower limits, and the total 
active power injection is not to exceed the power 
supplied by the substation output. 

 PDG
min < PDG < PDG

max          (4) 

 Σ (PDGi) < Pss          (5) 

where: 

PDG
min the minimum real power generated from 

DG. 

PDG
max the maximum real power generated from 

DG. 

Pss the power supplied by the substation. 

III. OPTIMIZATION ALGORITHMS 

To solve the optimization problem, two algorithms are 
used in this research. 

A. Load Flow 

To solve the optimization problem, first a load flow study 
should be performed. The purpose of the study is to find 
complete voltage magnitudes and angles for each bus in the 
system. The efficiency of the optimization depends upon the 
load flow algorithm, because the load flow solution has to be 
iterated many times. 

Approaches such as the Gauss-Seidel and Newton-
Raphson methods may not be useful because they are based 
on the general meshed topology of a typical transmission 
system; whereas most distribution systems have a radial or 
tree structure. Furthermore, the high R/X ratio of the 
distribution system means that it is not suited to conventional 
load flow methods. 

A direct approach for distribution load flow solutions is 
used in this paper [4]. A distribution load flow solution can 
be obtained by solving the following equations iteratively: 

 

 Ii
(k) = (Si / Vi

(k))*           (6) 

 [ΔV(k+1)] = [DLF][I(k)]          (7) 

 [V(k+1)] = [Vo] + [ΔV(k+1)]         (8) 

A distribution load flow (DLF) matrix explores the 
topological structure of the distribution system. The 
formation of the DLF is explained in [4]. Because only the 
DLF matrix is necessary for solving the power flow problem, 
the proposed method can save considerable computational 
resources. This feature makes the proposed method suitable 
for online operation. 

B. Particle Swarm Optimization 

The particle swarm optimization (PSO) technique is an 
evolutionary optimization method. It was first introduced by 
Kennedy and Eberhart in 1995, to consider animal social 
behaviors such as bird flocking or fish schooling [5]. 

The PSO process begins with a randomly created 
population called a “swarm”, comprised of members referred 
to as “particles”. Each particle is associated with a position 
vector and a velocity vector. The particles of the swarm 
move in the search space toward the target, based on local 
and global best solutions in accordance with the following 
equations: 

 Si
(k+1) = Si

(k) + Vi
(k+1)              (9) 

 Vi
(k+1)=wVi

(k)+c1r1(pbesti(k)-Si
(k))+c2r2(gbesti

(k)-Si
(k))     (10) 

where: 

Si
(k+1)  the new position of particle i at iteration k+1. 

Si
(k)  the old position of particle i at iteration k 

Vi
(k+1)  the new velocity of particle i at iteration    k+1. 

c1 & c2  positive acceleration constants. 

r1 & r2  randomly generated numbers ranging from 0 to 1. 

w   inertia weight. 

pbest the best solution achieved by the individual particle. 

gbest the best solution achieved in the entire swarm. 

 The steps required for the PSO algorithm can be 
summarized as follows: 

1) Read the distribution network data (R+jX for the 
lines and P+jQ for the loads). 

2) Determine the power loss and voltage profile by 
using the proposed load flow. 

3) Randomly initialize a swarm of particles with 
discrete positions and suitable velocities. The 
dimension of the individual particles is equal to 
double the number of DG units used in the network; 
both the location and size of the DG units are 
represented: 

Si=(DG1bus, DG1size, DG2bus, DG2size, …. , 
DGnbus, DGnsize) 

4) Set the iteration counter k to 0. 

5) For each particle, run the load flow solution and 
record the power loss. 

6) For each particle, compare its objective value 
(power loss) with the best individual solution. If the 
objective value is lower than pbest, set this value as 
the best individual solution so far (pbest), and 
record the corresponding particle position (DG size 
and placement). 
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7) Determine which best individual solution pbest is 
the best in the entire swarm. Set this value as the 
best global solution so far (gbest), and record the 
corresponding particle position (DG size and 
placement). 

8) Update the velocity and position of the particle by 
using the equations (9) & (10). 

9) If the number of iterations reaches the upper limit, 
go to step 10, otherwise increment the iteration 
index k=k+1 and go to step 5. 

10) Print out the optimized solution, which includes the 
optimized locations and size of the DG units and the 
corresponding fitness value representing the 
minimum total real power loss. 

 

Start

Calculate the loss using load flow

Initialize particle population

Input system data

Record pbest and gbest

Update particle position and velocity

Check the  

stopping criteria

Print out location and size of DGs

End

No

Calculate the power loss

 

Fig. 1. Flowchart of the proposed method 

IV. CASE STUDY 

Before presenting the case studies, it is necessary to 
introduce an index to evaluate improvement in the voltage 
profile. The type of DG unit and how it can be modeled in 
the distribution network is also explained below. 

A. Voltage Deviation Index 

The installation of DG in distribution networks can 
improve the voltage profile, because DG can provide part of 
the real and reactive power for the load, thus helping to 
decrease the current along a section of the distribution line. 
This, in turn, results in a boost in the voltage magnitude at 
the customer site. 

To calculate the amount of improvement that occurs in 
the voltage profile, a voltage deviation (VD) index is 

introduced, which can be defined as the difference between 
the nominal voltage and the actual voltage. Mathematically, 
the VD index is the sum of the squared value of the absolute 
differences between the nominal and actual voltage for all 
nodes in the network [6]. This means that lower VD index 
values indicate better network voltage conditions: 

 VD = Σn
i=1| Vn – Vi |2           (11) 

where N is the total number of buses, Vn is the nominal 
voltage, and Vi is the actual voltage at bus i. 

B. Diesel Generator Modeling 

Because wind and solar energy in Libya are still 
underdeveloped, the use of diesel generators remains the best 
option for DG, since they are available in the local market. 
Although diesel generators have the disadvantage of being 
noisy, with a high cost of maintenance and high NOx 
emissions to the environment, they have the advantages of 
low capital cost, high efficiency, good reliability, fast start-
up and modular size. The capacity of diesel generators 
ranges from 20 kW to 10 MW, with an efficiency of 36% to 
43%. [1] 

Various models have been used to represent DG in 
distribution networks. The most common representation used 
for conventional generating units is the PQ bus model [5]. In 
this paper, diesel generators are represented with a PQ bus 
model by considering them as a negative load. Thus, the 
diesel generators are considered as delivering constant active 
and reactive power to a distribution bus at the customarily 
rated power factor. 

C. Houn (11kV) Distribution Network 

Houn is the capital city of the Al-Jufrah region of Libya, 
with a population of 30,000. The average load for Houn is 25 
MW, which is fed from 66kV Houn substations. The 
substations have eight 66/11kV power transformers. Each 
transformer is connected to a separate radial distribution 
network which covers part of the city load, except in urgent 
cases. According to the operators, the distribution network 
suffers from voltage drops in addition to considerable power 
losses [7]. Therefore, this distribution network was used for 
the test study. Figure (2) presents a diagram of the 
distribution network, which consists of 210 (11/0.4 kV) 
power transformers. In this study, all the transformer nodes 
were candidates for installing DG units. 

 

 

Fig. 2. Single-line diagram of Houn (11kV) distribution network 
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V. SIMULATION RESULTS AND DISCUSSION 

The proposed methods were coded in a MATLAB 
computing environment. A set of diesel generators with 
different capacities was used. Table 1 shows a set of 
Caterpillar diesel generators. Caterpillar is the world’s 
largest manufacturer of generator sets, offering the largest 
range of specifications available [8]. 

The assumption made in this study is that all available 
diesel generators are running at 90% from rated power, with 
a 0.9 power factor. 

 

 

Fig. 3. Caterpillar diesel generators 750kVA 

TABLE I.  CATERPILLAR DIESEL GENERATORS SETS 

Cat. Diesel 

Generator 

Model 

Maximum 

Rating (kVA) 

Active Power 

(kW) 

(η=90%, pf=0.9) 

C15 550 445.5 

C18 715 579.15 

3412C 900 729 

C32 1500 1215 

3512B 1750 1417.5 

3516 2000 1620 

3516B 2500 2025 

3516E 3000 2430 

3516E 3500 2835 

C175-20 4000 3240 

 

The following cases were considered in the study. 

Case 1: Pre-installation 

In the pre-installation or default case, the distribution 
network was investigated by running the load flow solution 
without installing any DG units to improve the distribution 
network performance. The results show that the overall real 
power loss is approximately 800 kW, which means that 
about 3.6% of the power derived from the substations is lost 
as heat. Figure (4) shows the voltage profile of the 
distribution network. Voltage violations are clearly visible, 
especially for nodes 185 to 210. The voltage deviation index 
has a value of 0.474 in this case. 

 
Fig. 4. Voltage profile of Case 1 

Case 2: Installation of one DG unit 

In the second case, the optimization problem was solved 
by considering a single DG unit. It was found that the 
optimized DG placement was at node 194, with a DG unit 
size of 4 MVA. The installation of a single DG unit was 
shown to reduce real power losses from 800 kW to 440 kW, 
which amounts to a 45% reduction in distribution network 
losses. Installing a single DG in the system was found to 
improve the voltage profile for nodes 180 to 210 as 
illustrated in Figure (5). The voltage deviation index 
decreased from 0.474 to 0.342. 

 

 
Fig. 5. Voltage profile of Case 2 

 

Case 3: Installation of three DG units 

In the third case, the optimization problem was solved by 
considering three DG units. The results show that the 
optimized placements for DG units were at nodes 91, 190 
and 195, with DG unit sizes of 2.5 MVA, 2.5 MVA and 4 
MVA respectively. Total power losses were reduced from 
800 kW to 250 kW. In comparison to the case with a single 
DG unit, the installation of three DG units reduced losses by 
a further 69%. Figure (6) shows the improvement in the 
voltage profile for this case in comparison to the default case 
and the case with a single DG unit. Following optimized DG 
installation, the voltage deviation index decreased to 0.0487 
as compared to 0.474 for the default case and 0.342 for the 
case with a single DG unit. 
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Fig. 6. Voltage profile of Case 3 

Case 4: Installation of six DG units 

In the last case, the level of DG penetration was increased 
to six DG units. It was found that the optimized placements 
were at nodes 61, 152, 159, 194, 232 and 200, with DG unit 
sizes of 4 MVA, 3.5 MVA, 3.5 MVA, 4 MVA and 1.75 
MVA respectively. The real power loss was 96 kW, 
representing a reduction of 88%. The voltage deviation index 
was 0.0117. Thus, the additional installation of DG units at 
optimized locations resulted in reduced real power losses and 
improved voltage profiles. Figure (7) shows the voltage 
profile improvement resulting from adding six DG units to 
the distribution network. 

 

 
Fig. 7. Voltage profile of Case 4 

 

 The following table shows the results of all the cases in 
brief. 

TABLE II.  RESULTS OF ALL CASES 

 
DG 

number 

DG 

place 

DG Size 

(MVA) 

P Loss 

(kW) 

VD 

index 

Case 1 - - - 800 0.474 

Case 2 1 194 4 440 0.342 

Case 3 3 

91 

190 

195 

2.5 

2.5 

2.5 

250 0.0487 

Case 4 6 

61 

152 

159 

171 

194 

200 

4 

3.5 

3.5 

2.5 

4 

1.75 

96 0.0117 

Figure (8) and Figure (9) show a comparative results  the 
power loss and the voltage deviation index of the all cases. 

 

 
Fig. 8. a comparative results of system power loss 

 

 
Fig. 9. a comparative results of voltage deviation index 

I. CONCLUSION 

In this paper, the optimized placement and size of DG 
units is investigated for the Houn (11kV) distribution 
network, in order to improve the voltage profile and 
minimize real power losses. A PSO algorithm and a direct 
approach for distribution load flow solutions were used to 
obtain the results. Diesel generators were chosen as the DG 
units, and four case studies were performed. The results 
show that with the optimized installation of DG units: 

 Real power losses were greatly reduced, by up to 88%.  

 Less power was imported from the main grid. 

 The overall voltage profile was improved and enhanced 
to be within standard limits. 

 The voltage deviation index improved from 0.474 
before DG installation to 0.0117 with six DG units. 

 Real power losses decreased further with the optimized 
installation of more than one DG unit in the distribution 
network. 
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