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Abstract: Distributed Generation integration in electric power system is one of the options which give many benefits such 

that loss Reduction, peak saving, voltage profile improvement, stability and reliability improvement. The installation of DG 

units at non-optimal location can result in an increase in system losses, damaging voltage state. In this paper, simulated 

annealing Algorithm (SAA) techniqueis designed for optimally determining the location, sizing and numbers of distributed 

generations depending on power loss reduction and voltage profile improvement. The proposed technique is tested on IEEE 

57- bus system to demonstrate the performance of the network after inserting the distributed generation in selected optimal 

location with optimal sizing. Results show the efficiency of the proposed algorithm in reducing power losses, improving 

voltage profile. 
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1. Introduction 

In the present days, electrical power demand is increasing 

rapidly, and generation can’t reach to the existing demand so 

it is need extra power or emergency power which must be 

connected in the distribution system. The performance of 

distribution system becomes inefficient due to the reduction 

in voltage magnitude and increase in distribution system 

losses. Distributed Generation integration in electric power 

system is one of the options which give many benefits such 

that loss Reduction, peak saving, voltage profile 

improvement, improvement of power system stability and 

reliability. Situation of DG units on the distribution network 

has been constantly studied to achieve several objectives with 

different types of DG in different test systems are studied in 

literature review. A load flow based on algorithm for 

reducing line loss and improving voltage profile is performed 

in [1]. Load flow algorithm is combined appropriately with 

GA technique as in [2]. Planning and operation of active 

distribution networks, with respect to placement and sizing of 

Distributed Generators are discussed with the help of a fuzzy 

logic methodology in [3] Renewable energy source DG 

location based on voltage sensitivity index is illustrated in 

[4]. A simple and fast approach for allocation and size 

evaluation of distributed generation using ANN technique is 

done in [5]. optimal DG unit and capacitor placements in 

distribution systems are studied in [6] two innovative 

mathematic models are proposed to solve OPF problems and 

other methods like Bacterial Foraging Algorithm (BFA), bus-

injection to branch-current (BIBC) and branch-current to bus 

voltage (BCBV) and Shuffled Frog Leaping Algorithm 

(SFLA) [7-8]. 

These algorithms have come into existence and almost 

succeeded in getting optimal or near optimal solution with 

operating constraints. But the problem associated with these 

techniques is increase in computational time with the 

improper selection of control parameters. Many approaches 

are proposed for allocation of Dispersed Generators and they 

are still in research and enlargement stage. Different types of 

the DG’s can be characterized as [9]: 

Type I: DG capable of injecting real power only, like 

photovoltaic, fuel cells etc.  

Type II: DG capable of injecting both real and reactive 

power, e.g. synchronous machines. 
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TypeIII: DG capable of injecting reactive power only to 

improve the voltage profile e.g. synchronous compensator. 

Type IV: DG capable of injecting real but consuming reactive 

power, e.g. induction generators used in the wind farms.  

The problem formulation of this paper introduces a 

simulated annealing Algorithm (SAA) technique for finding 

optimal location, sizing and numbers of Distributed 

Generation to obtain minimum losses of the power system 

network with voltage profile improvement. In this paper, 

Type I and II of DG will be used. This paper is organized as 

follows:  

Section2, explain the Distributed Generation definitions, 

benefits, and technologies. In the section 3 the problem 

statement is described with the objective functions and 

inequality constraints. In the section 4, simulated annealing 

as artificial intelligence technique is illustrated to determine 

the optimal location, proper size and numbers of the DGs. 

After that, in section 5 the test system IEEE57-bus networks 

described and the impact of the DGs units on voltage profile 

and power losses is illustrated. In the last section, some 

relevant conclusions are given. 

2. Distribution Generation 

Distributed generators are small scale generators is usually 

connected to distribution system and located close to 

consumers. Normally Distributed Generators are in range of 

1 kW ratings to 100 MW [10]. There are many definitions of 

the DG but have the same meaning, for example, the working 

group of CIGRE devoted to distributed generation defines 

distributed generation as all generation units with a 

maximum capacity of 50MW to 100MW [11], that are 

usually connected to the distribution network and which are 

neither centrally planned nor dispatched. The definition of 

the location of the distributed generation plants varies among 

different authors. Most authors define the location of DG at 

the distribution side of the network, some authors also 

include the customer's side, and some even include the 

transmission side of the network [10]. 

2.1. Benefits of Distributed Generation 

Using of DGs has many advantages to the customers and 

the distribution systems and they also have negative effects 

sometimes. 

The basic benefits of Distributed Generation are given as 

in [12]: 

(1). Reduces the cost as there is no use of long 

transmission line. 

(2). Reduces the complexity. 

(3). Environment friendly. 

(4). Avoid the impact of massive grid failure. 

(5). Easy to maintain and easy to operate as it consists of 

simple construction. 

(6). Better power system quality and reliability. 

(7). The factor of high peak load shortage eliminates. 

(8). Improves the efficiency of providing electric power. 

The negative impacts of the performing of DG might be as 

follows [12]: 

(1). Unsteadiness of the voltage profile owing to the bi 

directional power flows. 

(2). Unsteadiness of the voltage profile owing to the 

bidirectional quality of the supply. 

(3). System frequency deviations; the installations of DG 

increase the burden on the system operator to maintain the 

system frequency. 

(4). Less choice between costlier primary fuels; most DG 

technologies are based on gas. 

2.2. Technologies for Distributed Generation 

There are several technologies are used for distributed 

generation. Where large amounts of recently popped up 

generation technologies, The Distributed Generation 

technologies are as following in [12]: 

(1). Wind Turbines. 

(2). Fuel Cells 

(3). Photovoltaic 

(4). Reciprocating Engines. 

(5). Combustion Gas Turbines. 

(6). Micro turbines. 

(7). Another renewable Includes thermal solar, small 

hydro, geothermal, ocean 

3. Problem Statement 

The main objective of the proposed algorithm is to 

determine the optimal location and sizing of DG to minimize 

the total power loss. The objective function is given below  

���� = ���		 + ����		                                 (1) 

where f is the objective function, Ploss is the total real power 

loss, and Qloss is the total reactive power loss which is 

defined by [13]: 

The inequality constraints those associated with the bus 

voltages and the DG to be installed. Where the magnitudes of 

voltage at each bus must be kept in acceptable operating 

range 

��� < � < ���                              (2) 

where Vmin is the lower magnitude of bus voltage limits, 

Vmax is the upper magnitude of the voltage limits, and | Vi | 

is the root mean square (RMS) value of any the bus voltage. 

4. Simulated Annealing 

Simulated annealing (SA) is a random-search technique 

which exploits an analogy between the way in which a metal 

cools and freezes into a minimum energy crystalline structure 

which is called the annealing process, then search for a 

minimum in a more general system; it forms the basis of an 

optimization technique for combination and other problems 

[14]. SA's major advantage over other methods is an ability 

to avoid becoming trapped in local minima. The algorithm 

employs a random search which not only accepts changes 
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that decrease the objective function f (assuming a 

minimization problem), but also some changes that increase 

it. The latter are accepted with a probability as follow: 

� = exp	(−��/�)	                            (3) 

where δf is the increase in f and T is a control parameter, 

which by analogy with the original application is known as  

The system ''temperature" irrespective of the objective 

function involved [14]. 

4.1. Annealing Schedule 

The annealing schedule determines the degree of uphill 

movement permitted during the search and is thus critical to 

the algorithm's performance. The principle underlying the 

choice of a suitable annealing schedule is easily stated that 

the initial temperature should be high enough to "melt" the 

system completely and should be reduced towards its 

"freezing point" as the search progresses. Choosing an 

annealing schedule for practical purposes is something of an 

art. The standard implementation of the SA algorithm is one 

in which homogeneous Markov chains of finite length are 

generated at decreasing temperatures. 

The following parameters should therefore be specified as 

follow [15]: 

(a). An Initial Temperature T0 

(b). A Final Temperature Tf	 

(c). A Length of Markov Chains 

(d). Decrementing the Temperature. 

4.2. Initial Temperature 

A suitable initial temperature 	T0 is one that results in an 

average increase of acceptance probability �� of about 0.8. In 

other words, there is an 80% chance that a change which 

increases the objective function will be accepted. The value 

of 	T0 will clearly depend on the scaling of f and, hence, be 

problem-specific. It can be estimated by conducting an initial 

search in which all increases are accepted and calculating the 

average objective increase observed � !. 

4.3. Final Temperature 

In some simple implementations of the SAA technique the 

final temperature is determined by fixing 

(1). The number of temperature values to be used, or 

(2). The total number of solutions to be generated. 

4.4. Length of Markov Chains 

The path in which is needed to decrement our temperature 

is basic to the accomplishment of the algorithm. Notion states 

that it must permit sufficient reiteration at each temperature 

so that the system stabilizes at that temperature. 

4.5. Decrementing the Temperature 

The simplest and most common temperature decrement 

rule is: 

�#!$=%�#                                   (4) 

Where% is a constant close to, but smaller than 1. This 

exponential cooling scheme (ECS) was first proposed with 

%= 0.95. In a linear cooling scheme (LCS) in which T is 

reduced every L trials: 

�#!$ = �# − �                       (5) 

The reductions achieved using the two schemes have been 

found to be comparable, and the final value of f is, in general, 

improved with slower cooling rates, at the expense of greater 

computational effort. The algorithm performance depends 

more on the cooling rate ∆T/L than on the individual values 

of ∆T and L. Obviously, care must be taken to avoid negative 

temperatures when using the LCS. 

4.6. SA Algorithm 

The following steps are used to describe the sequence of 

steps for SA algorithm. 

1. Select an objective function E (&�); 

2. Select an initial temperature T>0; 

3. Set temperature change counter t=0; 

4. Repeat 

4.1. Set repetition counter n=0; 

4.2. Repeat 

4.2.1. Generate state &�!$, a neighbor of&�; 

4.2.2. Calculate ∆E=E (&�!$) ∆E (&�); 

4.2.3. If ∆E<0 then &�=&�!$; 

4.2.4. else if random (0,1) <exp(‒∆E/T) then &�=&�!$; 

4.2.5. n=n+1; 

4.3. Until n=r(t); 

4.4. t=t+1; 

4.5. T=T(t); 

Until stopping criterion true. 

In optimization, the simulated annealing algorithm is used 

to find the global minimum of a function of several variables. 

In this paper, simulated annealing is used to determine the 

optimal location and optimal size of (DG) to reduce power 

losses and improve voltage profile. 

5. Case Study and System Results 

The proposed test system is IEEE57-bus system as shown 

in figure 1, system data are based on 100 MVA. Which 

consists of seven generator buses (bus 1 is slack bus 2, 

3,6,8,9 and 12 are PV buses), the system has 43 loads 

totaling 1250.8 MW, 336.4 MVAr, real and reactive power 

loads, respectively. The algorithm of this method was 

programmed in MATLAB. 

5.1. Results and Discussion 

5.1.1. Base Case Results (System Without DGs) 

According to the load flow results, the active and reactive 

power losses of the system are obtained as 27.864 MW and 

121.67 MVAr, respectively. Voltage magnitudes of the 

system are shown in Figure 2. It is seen that many buses 

(bus-31, bus-32, and bus-33.) is subjected to a voltage 

problem and having a voltage lower than 0.95 pu. 
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5.1.2. System Results with DGs 

In this paper, two type of DG are considered as follows: 

(1). Type I- DG capable of injecting real power only, like 

photovoltaic. 

(2). Type II - DG capable of injecting both real and 

reactive power, e.g. synchronous machines.To indicate and 

compare the effects of DGs placement in the distribution 

systems, different cases are considered and the results are 

compared to the case that there is no existence of DG in the 

test system. Details of cases studies are as follows: 

 

Figure 1. 57 bus test system. 

Case ‘I’: One DG installation. 

Case ‘II’: Two DGs installation. 

Case ‘III’: Three DGs installation. 

Case ‘IV’: Four DGs installation. 

Case ‘V’: Five DGs installation. 

Case ‘VI’six DGs installation 

The size of the DG unit should not be so small or so large 

with relationship with the total load value. Therefore, the DG 

range is between 134.28 MVA (10% of total load) and 335.7 

MVA (25% of total load) for this system. The results obtained in 

this system are briefly summarized in the following sections. 

At first, run the code of (SAA) with a specific value of 

distributed generators (10% from total load) to determine the 

best Location of distributed generators based on the power 

losses minimization. A minimum power loss occurs when 

(DG) locate at bus 13. Then, optimum size and locations of 

DGs for the type I for minimization of loss using SAA for all 

different cases are determined as shown in Table 1.  

Also, total active and reactive losses in the system after 

DGs installation for all different cases are determined. It is 

seen that from determination of optimum location, sizing and 

numbers of DGs that the case V is the best case where the six 

DGs with specified values are determined at buses shown in 

table has a more considerable effect on loss reduction  
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Figure 2. Voltage profile for all buses without DG. 

Table 1. The Result of DGs Installation in Type I inTest System. 

Method Bus. No 
DG Size 

(MW) 

DG Size 

(MVar) 

Total DG 

size (MVA) 

Ploss 

(MW) 
Qloss (Mvar) 

Loss reduction% 

Real Reactive 

Base case ---- ----- ----- 

261.07 

(20.92% 

FROM 

TOTAL 

LOAD) 

27.864 121.67 ------ -------- 

SA 

Case I 13 261.07 
0 

 
15.9 73.17 42.93 39.86 

Case II 
13 

36 

208.89 

52.17 
0 14.91 67.98 46.49 44.12 

Case III 

13 

36 

55 

168.35 

46.7 

46 

0 14.76 67 47.02 44.93 

Case IV 

13 

16 

37 

52 

160.57 

35.7 

38.76 

25.98 

0 14.40 66.27 48.32 45.53 

Case V 

13 

31 

10 

36 

56 

130.56 

21.66 

80.2 

5.6 

22.46 

0 14.26 63 48.82 48.22 

Case VI 

13 

30 

36 

54 

7 

55 

145.0508 

 18.5550 

 20.6506 

 24.6861 

26.2155 

16.5220 

 0 14.7 68 47.2 44.11 

 

Also, the voltage profile at all buses for type I is shown in 

figure 3, for the case V the voltage at all buses is more stable 

than the voltage profile for base case without DGs as shown 

in figure 1. 

Table 2 shows the results of Optimum size, locations and 

numbers of DGs for the type II at all different cases which 

are presented in this table, the case IV is the best case 

compared to other cases where the five DGs with specified 

values are determined at buses shown in table which give the 

maximum value of reduction in real and reactive power loss. 

in figure 4 the voltage profile at all buses is seen within 

accepted limit with the determination of optimal location, 

sizing and number of DGs. The results show that it is 

preferred to distribute the DGs to various busses rather than 

concentrating them on a single bus also. It can be observed 

from the tables that as the number of DG units installed 
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increases the power loss reduction also increases but adding 

more than specified types of DGs to the network is not 

economical considering the power loss reduction. 

Table 2. The Result of DGs Installation inType IIin Test System. 

Method Bus. No 
Dg Size 

(Mw) 

Dg Size 

(Mvar) 

Total Dg 

SIZE (Mva) 
Ploss (Mw) Qloss (Mvar) 

Loss reduction% 

Real Reactive 

Base CASE ---- ----- ----- 

261.07 

(20.92% 

FROM 

TOTAL 

LOAD) 

27.864 121.67 ------ -------- 

SA 

Case I 13 251.68 121.89 15.8987 73.2405 42.94 39.80 

Case II 
13 

36 

193.53 

58.14 

93.73 

28.15 
15.11 68.14 45.77 43.99 

Case III 

13 

36 

10 

180 

47.08 

24.59 

86.6 

22.8 

11.4 

14.12 66.855 49.32 45.04 

Case IV 

13 

16 

36 

54 

170.48 

38.42 

27.007 

15.76 

80.44 

18.6 

15.2 

7.63 

14 66.2 49.75 45.6 

Case V 

13 

31 

10 

37 

28 

81.8 

133.6 

12.14 

33.1 

10.8 

39.6 

55.1 

5.8 

16 

5.2 

14.17 65.44 49.14 46.21 

 

Figure 3. Voltage profile for all buses with DG for type I case VI (SIX DGs). 

 

Figure 4. Voltage profile for all buses with DG for type II case V (five DGs). 
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6. Conclusion 

Optimum size, location and numbers of distributed 

generators using Simulated Annealing Algorithm (SAA) for 

total loss reduction in IEEE 57-bus test system are proposed 

in this paper. Also, two types of DG consisting of DGs with 

capability of supplying real power only (type I) and DGs 

with capability of supplying both real power and reactive 

power (type II) are considered and comparative studies are 

conducted for different cases to investigate the impacts of 

DGs on total loss reduction., the outcomes uncover that the 

combination of DG units is highly successful in reducing 

power losses in the electrical network. It is possible to get the 

best place DG and the best size in economic terms easily in 

the case of the development of the study. 
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