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 In this paper, it is tried to carry out the distributed generation (DG) unit placement from 

radial distribution system reliability indices sensitivity viewpoint. As the value of 

distribution system reliability indices depend on clients load pattern, so any change in 
clients load pattern causes changes in distribution system reliability indices. One of 

factors that changes customers load pattern, is load growth. With system hardware 

characteristics being constant, the value of reliability indices are also highly dependent 
on load distribution. So for assessing the current studies level of validity for future 

applications on the one hand, the adequacy of system in future should be ensured, on 

the other hand, current load distribution and load growth in future should be studied. In 
this paper, with optimal placement of DG, it is tried to minimize the distribution system 

reliability indices sensitivity in accordance with load growth in different load patterns. 
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INTRODUCTION 

 

 Nowadays DG in distribution systems is of common use (Barin et al., 2010). The use of this element has 

many advantages such as improvement of reliability and voltage profile and loss reduction... (Yuan et al., 2007), 

(Chiradeja, 2005). The important issue is finding the place, volume and number of DG units in the distribution 

system. In this paper it is assumed that the number of DG units is a number and if necessary, it can supply all the 

feeder demands. So the problem is limited to finding the place of this DG unit. According to various advantages 

of DG unit presence, placement of DG unit can be done to optimize one or several system variables and in this 

paper sensitivity reduction of distribution system reliability indices will be considered (Billinton and Allan, 

1996). 

 About %70 of distribution systems are radial. So firstly all studies are done on radial distribution systems. 

Owners of distribution systems are always looking for increase of system reliability in order to minimize their 

financial losses and maximize customers' satisfaction. Reliability of distribution systems is evaluated with 

indicators such as SAIFI, SAIDI, CAIFI, CAIDI, ENS, and AENS (Chaiyabut and Damrongkulkamjorn, 2005), 

(Billinton and Allan, 1996). 

 Changing the system parameters over time is one of problems that distribution systems always face it. One 

of these parameters is load growth which is defined as customers' number increase in one or several load place 

that causes decrease of system reliability. Prediction of the amount and place of load growth faces with 

uncertainty. Load growth causes the studies carried out for distribution system reliability in certain times, 

become changed or lose their reliability in future times. This problem motivated the study of reliability indices 

sensitivity against load growth and it was tried to carry out DG placement to reduce sensitivity of reliability 

indices against load growth. Since load growth is equal to a change in number of customers, therefore it is 

necessary to consider the effect of load distribution as the variable of optimal placement to ensure that the 

achieved results are not random or a result of certain circumstances of customers pattern. Different factors cause 

load growth, the most important of which are: 1)reconfiguration, 2) turning on the loads that had been off for a 

while, and 3) increase of  household customers number over time .In terms of timing, study of the first two 

factors are in the short-term domain and (depending on load growth value) study of the last factor is in the 

medium-term or long-term domains. Reconfiguration is occured when a branch is taken from a distribution 
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system to another distribution system to improve reliability, loss, power factor, and voltage level (Billinton and 

Allan, 1996). 

 This paper has focused on factors such as the first two factors of load growth. Therefore first, studies are 

valid in the short-terms and second, load growth place has always been considered on one of distribution system 

load places. It means that the load growth is not studied in two or more load places at the same time.  

 As was pointed out, distributed generation is used to improve distribution system reliability. After it has 

been decided to use this element, DG unit's numbers, volume and place must be determined. This problem can 

be solved with different goals and by different methods. In some references different methods have been used 

for placement of DG units to optimize system losses such as (Talaat and Al-Ammar, 2010), (Saraisuwan et al., 

2011), (Sheidaei, 2008), and (Hung and Mithulananthan, 2012) that have used genetic algorithm, Digsilent 

software, ant colony algorithm and an improved analytical (IA) method for optimization and respectively. Other 

system variables can also be considered for example (Ettehadi et al., 2012) that uses continuous power flow for 

placement of DG units to stable voltage level. In some of references, the DG placement issue is carried out to 

improve several system variables such as (Abu-Mouti and El-Hawary, 2011) that optimizes loss and power 

factors using bee colony algorithm, (Hong Cui, 2012) that optimizes voltage level and loss sensitivity using 

particle swarm algorithm, (Hedayati et al.,2008) that optimizes voltage level and loss sensitivity using power 

flow continuation and (Hussain and Roy, 2012) that optimizes loss, reliability and voltage level of distribution 

system using bee colony algorithm. None of the mentioned references study future system parameters changes, 

so their current studies might be invalid for future times or at least face with unforeseen fluctuations. Next, asset 

management flowchart modeling, modeling of distribution system and sensitivity etc, are presented. 

 

Modeling of Distribution System and Sensitivity: 

 Radial distribution system topology has been extracted from (Chaiyabut and Damrongkulkamjorn, 2005) 

and has been shown in Figure 1. In this figure the contour between two busbars in mainstream is called Section 

and the contour between one busbar and load place is called Lateral distributor. 

 After each busbar one sure disconnector switch named Disconnecting switch is placed in mainstream and 

one sure fuse is placed in Lateral distributor path after each busbar. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Radial distribution system topology. 

 

LP1, ... LPn are the places of customers. CB is a circuit breaker switch only one of which is placed after main 

busbar. Outage removal office is events office the task of which is fixing the interruptions.  

 Among the mentioned components only Sections and Lateral distributors may fail and other components 

are safe. The failure rate and repair time for all Sections is equal and for all Lateral distributors, it is also equal. 

One DG unit can be placed in any point of Sections and if necessary, be entered in circuit in a short time. 

The following principles must be observed to obtain the interruption time of customers: 

1) If fault occurs on Sections: 

 If fault has occurred in place x (section number), interruption time of loads that their numbers are less than 

x, is equal to sum of switching time and fault detection time. Interruption time for a load with x number, if DG 

location is more than x, is equal to sum of twice of switching time, fault detection time, repair time and DG start 

up time and otherwise is equal to sum of switching time, repair time and fault detection time. If DG location is 

more than x, interruption time of loads that their numbers are more than x  is equal to sum of twice of switching 

Outage removal 
office 

63/20 Substation 
 

LP1 LP2 LP3 LP4 LPn 

CB    
S1    S2    S3    S4    S5    Sn    

Section 

Lateral distributor  
 

Disconnecting switch 
 

Load point 

Fuse 

.............

.......... 



54                                                                        Reza Dashti et al, 2014 

Journal of Applied Science and Agriculture, 9(10) August 2014, Pages: 52-60 

time, fault detection time and DG start up time and otherwise is equal to sum of switching time, repair time and 

fault detection time. 

2) If fault occurs on Lateral distributors: 

 In this situation, only loads that fault has occurred in their path are interrupted (because fuses placed in 

lateral paths act before any other protection equipments). Interruption time is equal to sum of repair time and 

fault detection time. 

 The presence of DG unit in distribution system hasn't any positive effects on frequency-based reliability 

indices such as SAIFI and CAIFI and only improves time-based and energy-based reliability indices. For this 

reason in this article, SAIDI index is used for definition of sensitivity. Necessary relations for calculation of 

SAIDI have been mentioned in (Chaiyabut and Damrongkulkamjorn, 2005). 

 Sensitivity must be defined on the basis of target. Previously it was said that values of reliability indices 

will be changed due to the load growth in future and current studies on system will be deviated. We also 

discussed that it is attempted that DG unit is placed in a location that minimizes the deviation values. So 

sensitivity indicator is defined as follows: 

A-B
Sensitivity=

B
            (1) 

 Which A is maximum value of SAIDI with considering load growth and B is maximum value of SAIDI 

without considering load growth. 

 For DG unit placement from system reliability viewpoint, some system variables shown in Figure 2, are 

needed. The variables are used as input data for DG unit placement and their values must be determined before 

solving the problem. 

 According to Figure 2, the process of problem solution is in such a way that DG unit is placed in all 

possible locations, then (according to any considered indicator) system reliability will be calculated. Finally the 

place in which system reliability has the maximum improvement is the best location for presence of DG unit. 

Thus, the placement problem ends. But as was mentioned previously, DG unit placement with this method can't 

be responsive for future times, because in future variables shown in Figure 2 can change under different factors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Variables of distribution system for solving DG unit placement problem from reliability viewpoint. 

  

 Load growth has two aspects. The first aspect is load growth quantity and its second aspect is load growth 

location. In this paper load growth value is predicted before solving the placement problem, but load growth 

location is unknown and all the load places have the potential for load growth. ΔL is defined as load growth 

value variable that may occur for each of the load places and as was mentioned in introduction, for the scope of 

this paper, load growth can occur only in a certain time for one of the load places. 

 With the given explanations, Figure 3 is drawn for DG unit placement from reliability indices sensitivity 

viewpoint. By definition of necessary variables, DG unit placement can be done from reliability indices 

sensitivity viewpoint. Problem input variables have been shown in this figure. The following process must be 

followed for solving the problem: 

1) A new variable (load growth value) was added to problem input (DG unit placement from reliability 

viewpoint) the value of which must be determined before solving the problem. 

2) DG unit is placed in each of the possible places and with change of load growth place, SAIDI value is 

calculated for any situation. 
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3) With placement of DG unit in each of the possible places, sensitivity indicator is calculated according to 

equation 1. 

4) Finally, DG unit is placed in a location in which the system has the lowest sensitivity. In other words, this 

place is the optimal point for DG unit placement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: System variables for solving the DG unit placement problem from reliability indices sensitivity 

viewpoint. 

 

Distribution System Sensitivity Analysis: 

 According to (Chaiyabut and Damrongkulkamjorn, 2005) SAIDI equation is as follows: 

n
N U

i i
i=1SAIDI=

n
N

i
i=1





         (s)      (2) 

 In which i is place number of customers, Ni is number of customers in place i-th and Ui is total interruption 

time of one customer in i-th place. 

 If load growth is in the last load place, independent of the DG unit location, SAIDI will have the maximum 

value. Because in exchange for any fault on any sections, customers present in the last load place, will be 

interrupted. In other words, interruption time for the last load place is always more than the other load places. 

Thus according to equation 2, because Ui for the last load place is more than the other load places and load 

growth is the increase in number of customers in load place i, we conclude that if load growth is in the last load 

place, it can add the maximum value to numerator of equation 2, thus maximum value of SAIDI will occur in 

this situation. 

 Considering the fact that load growth causes increase of SAIDI, therefore the sensitivity value is always 

positive. Equation 1 can also be expressed as the following simple form: 

A
Sensitivity=  - 1

B
      (3) 

 Which A is maximum value of SAIDI with considering load growth and B is maximum value of SAIDI 

without considering load growth. 

 Combination of equations 2 and 3 for situation that DG unit is in Section x and distribution system of 

Figure 1 has n busbar, has been expressed in equation 4. 
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∑ ∑
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     (4) 

 According to topology of Figure 1 and assumptions discussed in the modeling part, the following relation 

always exists between interruption times of load places: 

U1<U2<...<Ux<...<Un                                            (5) 

 In equation 4, the first term in numerator and denominator are equal, so considering  relation 4 and 5 at the 

same time, it is demonstrated if Un has its the lowest value, the sensitivity will also have its lowest value and as 

we can see if DG unit is placed in the last Section, this condition will be satisfied. With a similar procedure, it is 

demonstrated that if DG unit is placed in the first Section, it will provide the highest sensitivity. In general if the 

location of DG unit is closer to the end of feeder, sensitivity will be less and this general rule is independent 

from load growth value and load distribution procedure. 

Now the following definitions are assumed: 

α =  Ni  NiUi

n

i=1

n

i=1

                                                                                                                                                                  6  

 

β = Un N1 + N2 + ⋯ + Nx + ⋯+ Nn                                                                                                                               (7) 

 

λ = U1N1 + U2N2 + ⋯+ UxNx + ⋯+ UnNn                                                                                                                    (8) 
 

With substituting the equations 6,7 and 8 in 4 we conclude that: 

 

𝑆ensitivity =
α + ΔLβ

α + ΔLλ
− 1                                                                                                                                                   (9) 

 

 According to the equations 5,7 and 8, it is clear that the relation β > λ is always true, therefore   according 

to the equation 9 sensitivity is always possitive. It was noted previously that the value of load growth as an input 

variable, is predicted before solving the placement problem. Now if this prediction is faced with errors, what 

changes happen in results? For finding the answer of this question, it must be assessed that what change will 

occur in sensitivity when load growth increases? Differentiation of equation 9 results in: 

 
d(Sensitivity)

dΔL
=

d

dΔL
 
α + ΔLβ

α + ΔLλ
− 1 =

α(β − λ)

(α + ΔLλ)2
                                                                                                   (10) 

 

 Numerator and denominator of equation 10 are always positive values. Since β > λ is always true, so with 

increase of load growth value, the sensitivity also increases but as mentioned before, the optimal point of system 

in Figure 1 is always the last busbar and this is independent of load growth value. If distribution system of 

Figure 1 is considered, we can see that interruption time of customers present in the first load place (U1) is 

independent of DG unit presence and if other system variables are fixed, its value doesn't change with the 

change of DG unit location but interruption time of customers who are in the last load place (Un), depends on 

DG unit location and if DG unit location comes closer to the end of feeder its value decreases. On the other 

hand, the relation 5 is always true. So it is demonstrated that by changing DG unit place from the beginning of 

feeder to the end of feeder, value of Un-U1 decreases thus value of  
𝛽

λ
 also decreases. By limiting from equation 

9, we conclude: 

lim
ΔL→∞

 Sensitivity = lim
ΔL→∞

 
α + ΔLβ

α + ΔLλ
− 1  =  

β

λ
− 1                                                                                                 (11) 
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 According to equation 11 and explanations presented in previous paragraph, it is said whatever DG unit 

place is closer to the beginning of feeder, sensitivity values will increase more when load growth value 

increases. Thus when DG unit is in the last Section, not only sensitivity value is the lowest but sensitivity also 

has the lowest sensitivity than increase of load growth value. This important point has been shown in Figure 4. 

 Regarding to equation 11, when load growth increases infinitely, the extreme sensitivity is equal to  
β

λ
− 1 

that has been shown in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Curve of sensitivity against load growth for different places of DG unit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Curve of sensitivity against load growth. 

 

Numerical Studies: 

 In this part we try to have a numerical study on theorems approved in previous part. For this reason 

numerical values of the system in Figure 1 are extracted from (Chaiyabut and Damrongkulkamjorn, 2005) 

which are as follows: 

1) System has 9 busbars. 

2) Failure rate of Sections is 0.1 f/km-yr and failure rate of Lateral distributors is 0.2 f/km-yr. Length of each 

Section is 5 kilometers and length of each Lateral distributor is 10 kilometers. 

3) Average repair time for Sections is 2 hours and for Lateral distributors is 4 hours. 

4) Average of switching time, fault detection time and startup time of DG unit are 0.25, 0.5 and 0.0333 hour 

respectively. 

5) As was mentioned in introduction part and was also proved in sensitivity analysis, load distribution method 

cannot change the optimal point of system for DG unit installation from sensitivity viewpoint and therefore 

according to Figure 6, six different load distributions have been considered for distribution system of Figure 1. 

In Figure 6, the total number of customers is 603. Table 1 shows the number of customers in each load 

distribution. 

6) If load growth value is considered %2 of total load of feeder, its value is equal to: 

Load growth value =%2*total load of feeder =0.02*603=12 
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Fig. 6: Six different load distributions for distribution system of Figure 1. 

 
Table 1: Number of customers in each load place for load distributions of Figure 6. 

Load 
distribution6 

Load 
distribution5 

Load 
distribution4 

Load 
distribution3 

Load 
distribution2 

Load 
distribution1 

LP 

15 10 20 40 100 67 1 

20 20 40 70 120 67 2 

36 35 80 101 100 67 3 

57 55 101 121 85 67 4 

70 80 121 101 70 67 5 

85 101 101 80 57 67 6 

100 121 80 50 36 67 7 

120 101 40 30 20 67 8 

100 80 20 10 15 67 9 

603 603 603 603 603 603 Total 

 

 Sensitivity values for all load distributions have been calculated in different states for DG unit place and 

have been shown in table 2. 

 
Table 2: Sensitivity value for distribution system of figure3. 

Load 

distribution6 

Load 

distribution5 

Load 

distribution4 

Load 

distribution3 

Load 

distribution2 

Load 

distribution1 

load    

pattern 

DG place 

2.8159e003 2.9261e-003 4.5246e-003 5.4435e-003 6.5164e-003 4.5246e-003 basbar 1 

2.7935e-003 2.9111e-003 4.4924e-003 5.3766e-003 6.3421e-003 4.4167e-003 basbar 2 

2.7362e-003 2.8610e-003 4.3851e-003 5.1734e-003 5.9240e-003 4.1831e-003 basbar 3 

2.6211e-003 2.7546e-003 4.1384e-003 4.7928e-003 5.3372e-003 3.8417e-003 basbar 4 

2.4156e-003 2.5606e-003 3.7236e-003 4.2044e-003 4.6066e-003 3.3924e-003 basbar 5 

2.1022e-003 2.2402e-003 3.1085e-003 3.4527e-003 3.7583e-003 2.8352e-003 basbar 6 

1.6579e-003 1.7627e-003 2.3362e-003 2.5731e-003 2.8143e-003 2.1701e-003 basbar 7 

1.0604e-003 1.0984e-003 1.4406e-003 1.6181e-003 1.8136e-003 1.3971e-003 basbar 8 

2.7842e-004 2.8724e-004 4.9131e-004 6.1851e-004 7.8264e-004 5.1628e-004 basbar 9 

 

 As shown in any load distribution, when place of DG unit changes from the head of feeder to the end of 

feeder, sensitivity value decreases, thus the last Section is the optimal point of system. 

 Now we try to draw sensitivity curve against load growth for load distribution1 of different places of DG 

unit. Curves are shown in Figure 7 that from up to down are about presence of DG unit in the first Section, the 

second Section,... and the last Section, respectively. As shown and previously approved, whatever DG unit place 

is nearer to the end of feeder, sensitivity increase will be less for certain increase of load growth. 

 

Conclusions: 

 Distribution office always seeks to maximize its own benefits. For this propose, it must optimize its own 

investment and for optimization, it is necessary to follow a structure similar to assets management flowchart 

(shown in figure 1). DG unit placement from viewpoint of reliability indices sensitivity against load growth 

causes effect of load growth on the assets management flowchart be minimized and optimization process is done 

with less complexity. Also after implementation of the optimal project, if distribution system faces with load 

growth, it causes implemented project faces with the lowest deviation from optimality criteria. 
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 The maximum value of SAIDI and maximum value of sensitivity always occur simultaneously. This 

principle is also applicable for the minimum value of SAIDI and minimum value of sensitivity. The maximum 

value of sensitivity in each load distribution is related to the state that DG unit is in the first Section. Minimum 

value of sensitivity is related to the state that DG unit is in the last Section. Sensitivity curve against load growth 

is always positive and ascendant and has a downward concavity. This curve has a horizontal asymptote with the 

value of  
β

λ
− 1  (Figure 5). The closer DG unit is to the end of feeder, sensitivity increase will be less against 

the increase of certain value of load growth (Figure 4). Optimal point of system for installation of DG unit is 

always the last Section and this principle is independent of load growth value and load distribution method. 

 

 

 
 

Fig. 7: Sensitivity curves against load growth for different places of DG unit for load distribution1. 
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