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Abstract: Developing country like India needs electrical power with less losses and it is also becoming highly impossible for 
existence in the world without the electricity. Here is one of the techniques for maintaining the continuous supply i.e., by 
generating the electrical power under the premises of distribution generation. Distributed generation (DG) play an important 
role in distribution networks. This paper provides an analytical expression to calculate the optimal size and the optimal 
location for DG placement in minimizing the total power losses in radial distribution network. Placement of DG in non-
optimal location and non- optimal size may lead to increased losses and poor voltage profile. In this paper, Sensitivity 
analysis method helps to find the location and size of DG to minimize the power losses in the distribution networks. The 
proposed method is tested on standard IEEE-33 bus test system. Thus the result obtained shows the improvement in voltage 
profile, reduction in total power losses. 
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I. INTRODUCTION 
 
 Distribution systems hold a very significant 
position in the power system since it is the main point 
of link between the bulk power and consumers. 
Effective planning of radial distribution network is 
required to meet the present growing domestic, 
industrial and commercial load day by day. 
According to CIGRE report [1], the contribution of 
DG in Denmark and the Netherlands has reached 
37% and 40%, respectively, as a result of 
liberalization of power market in Europe. Electric 
Power Research Institute’s (EPRI) study forecasts 
that 25% of the new generation will be distributed by 
2010 and a similar study by the Natural Gas 
Foundation believes that the share of DG in new 
generation will be 30% by the year 2010 [2].The 
design considerations of DG are mainly based on the 
optimal location and optimal size. 
 Studies have indicated that inappropriate 
selection of location and size of DG, may lead to 
greater system losses than the losses without DG [3, 
4].Mainly the developing countries cannot tolerate 
any such increase in losses. DG can be considered as 
one of the capable option for some of the problems 
like (high losses, low reliability and poor power 
quality) which are mainly faced in power systems 
[5].Therefore; tools are needed to be developed to 
examine optimal location and optimal size of DG. 
DG allocation studies are relatively new, unlike 
capacitor allocation [6, 7]. Distribution network 
planning mainly helps to identify the least cost 
network investment that satisfies load growth 
requirements without violating any system and 
operational constraints. Due to their high efficiency, 
small size, low investment cost, modularity and 
ability to exploit renewable energy sources, are 
increasingly becoming an attractive alternative to 

network reinforcement and expansion. In this paper, 
an analytical expression to calculate optimum size 
and an effective methodology to identify the optimum 
location for DG placement are proposed. The 
methodology is computationally less demanding. 
Sensitivity analysis method is mainly used to find the 
optimal size and optimal location of DG which helps 
to minimize the losses [8-11]. The loss improvement 
can be observed by the radial distribution load flow 
algorithm. The IEEE 33-bus test system is used to test 
the proposed method and the output obtained is 
mentioned in the paper. 
 
II. DISTRIBUTED GENERATION 
 
 Distributed generation (DG) refers to power 
generation at the point of consumption. Generating 
power on-site, rather than centrally, eliminates the 
cost, complexity, interdependencies, and 
inefficiencies associated with transmission and 
distribution. Distributed generation (DG), also known 
as on-site generation, distributed resources (DR), 
distributed energy resources (DER) or dispersed 
power (DP) is the use of small-scale power 
generation technologies located close to the load 
being served. The DG marketplace includes energy 
companies, equipment suppliers, regulators, energy 
users and financial and supporting companies. For 
some facilities, DG can lower costs, improve 
reliability, reduce emissions, or expand energy 
options. DG may also add redundancy that increases 
grid security.   Facilities can also recover and utilize 
heat from their DG systems, a practice known as 
combined heat and power. The World Needs 
Distributed Generation that is Clean and Continuous. 
Historically, distributed generation meant combustion 
generators (e.g. diesel generator). They were 
affordable, and in some cases reliable, but they were 
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not clean. While many people will tolerate dirty 
generation thousands of miles away from them, they 
think twice when it is outside their bedroom window 
or office door.[12-13] 
 Recently, solar has become a popular 
distributed generation option. Although the output is 
clean it is also intermittent, making it an incomplete 
strategy for businesses that need power around the 
clock, including when the sun is not shining. The 
portfolio of DG technologies includes reciprocating 
engines, micro turbines, combustion turbines, small 
steam turbines, fuel cells, photovoltaic's, and wind 
turbines. Each technology has varying characteristics 
and emission levels. Most traditional DG is 
interconnection to the grid.  The electric power 
system was designed to produce electricity at large 
power plants in remote locations, send it over high-
voltage transmission lines, and deliver it on lower-
voltage utility distribution systems to passive 
customers. Increasingly, electricity is produced by 
smaller, cleaner distributed generation units at or near 
customer sites and connected to the utility 
distribution system.   The traditional one-way power 
flow – from power plants to customers – is turning 
into a two-way street. DG is currently being used by 
some customers to provide some or all of their 
electricity needs.  There are many different potential 
applications for DG technologies.  For example, some 
customers use DG to reduce demand charges imposed 
by their electric utility, while others use it to provide 
premium power or reduce environmental emissions.  
DG can also be used by electric utilities to enhance 
their distribution systems. Since 1980, Resource 
Dynamics Corporation has helped clients position 
themselves in the distributed generation  marketplace, 
through evaluation of end use markets, technologies 
and equipment; site identification; and regulatory and 
feasibility studies. We have produced numerous 
studies that analyzed both the market and technical 
potential for distributed generation technologies. In 
addition, we have created software programs and 
training modules that helped stakeholders understand 
the applicability of distributed generation, and we 
have provided strategic planning and expert 
testimony on issues related to distributed generation. 
 Resource dynamic corporation(RDC) has 
been involved in numerous projects over the last 30 
years examining distributed generation. RDC 
conducted the USDOE’s first market study on micro-
power applications of distributed generation in 1999.  
More recently, RDC was selected by national 
laboratory in a competitive solicitation to support 
DOE’s work on opportunity fuels for distributed 
generation.  
 
III. LOCATION AND SIZING ISSUES 
 
 Fig. 1 shows a 3D plot of typical power loss 
versus size of DG at each bus in a standard 33-bus 
distribution test system. From the figure, it is obvious 

that for a particular bus, as the size of DG is 
increased, the losses are reduced to a minimum value 
and if the size increases  beyond the size of DG (i.e. 
the optimal DG size) the losses starts to increase and 
may overcome the losses of the base case. Also 
optimal location of DG also plays an important role 
in DG allocation.  
 The conclusion that can be drawn from the 
fig.1 is that ,it is not advisable to construct 
sufficiently high DG in the network. The size should 
be such that it is consumable within the distribution 
system boundary. Any attempt to install a high 
capacity DG  may lead to high losses. So, the size of 
distribution system in term of load(MW) plays an 
important role in selecting the size of DG. The reason 
for higher losses and high capacity of DG can be 
explained by the fact that the distribution system was 
initially designed such that power flows from the 
sending end (source substation) to the load and there 
conductor sizes are gradually decreased from the 
substation to consumer point[14-15]. Thus without 
reinforcement of the system, the use of high capacity 
DG will lead to excessive power flow through small 
sized conductors and hence results in very higher 
losses. Based on this the DG allocation can be 
handled by resolving the sizing issue first followed by 
the location issue. However, existing technique such 
as loss sensitivity method finds the location issue 
before and sizing issue. This methodology requires 
load flow to be carried out only twice, once for the 
base case and once at the end with DG included, to 
obtain the final solution. 
 
IV. LOSS SENSITIVITY FACTOR METHOD 
 
 The loss sensitivity method is a systematic 
procedure of computing the maximum impact on the 
real power losses of the system with respect to the 
nodal reactive power. Sensitivity factor method is 
based on the principle of linearization of original 
nonlinear equation around the initial operating point, 
which helps to reduce the number of solution space. 

The relationship for computing the loss 
sensitivity for any bus can be derived as 
follows. 

 Consider a distribution line with an 
impedance R + jX and a load of Peff + jQeff 
connected between 'i' and 'j' buses as given below in 
Figure.1. 

 
Fig.1.A Distribution line with an impedance and load 
 
IV. 1. Losss sensitivity 
 
 The real power loss in a system is given by 
(1). This is popularly referred to as ‘‘exact loss’’ 
formula [17]. 
푃 = ∑ ∑ [훼 (푃 푃 + 푄 푄 )+훽 (푄 푃  -푃푄 )]                                                                    
(1) 
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where 훼 = cos (훿 − 훿 ),훽 = sin (훿 − 훿 ) 

and 푟 + 푗푥 = 푍  are the ijth element of 
[Zbus]=[Ybus]-1. 
 The sensitivity factor of real power loss with 
respect to real power injection from DG is given by 
 훼 = = 2∑ (훼 푃 − 훽 푄 )                            
(2) 
 Sensitivity factors are calculated at each bus, 
firstly using the values obtained from the base case 
power flow. The buses are ranked in descending 
order of the values of their sensitivity factors to form 
a priority list. The top-ranked buses in the priority list 
are to be studied first for alternative locations. The 
first order sensitivity factor is based on linearization 
of the original nonlinear equation around the initial 
operating condition and is biased towards function 
which has higher slope at the initial condition.  
IV. 2. PRIORITY LIST 
 Sensitivity factor helps to reduce the 
solution space to few buses, which helps to constitute 
the top ranked buses in the priority list. For each bus 
in the priority list, the DG is placed and the size is 
varied from minimum to a higher value until the 
minimum system losses are found. 
 
IV. 3. COMPUTATIONAL PROCEDURE  
 
Step 1: Run the base case load flow. 
Step 2: Find the sensitivity factor and rank the 
sensitivity in descending order to form priority List. 
Step 3: Select the bus with the highest priority and 
place DG at that bus. 
Step 4: Change the size of DG in ‘‘small’’ step and 
calculate loss for each by running load flow. 
Step 5: Store the size of DG that gives the minimum 
loss. 
Step 6: Compare the loss with the previous solution. 
If loss is less than previous solution, store this new 
solution and discard previous solution. 
Step 7: Repeat Step 4 to Step 6 for all buses in the 
priority list. 
 
V. PROPOSED METHODOLOGY 
 
 A new methodology is proposed to find the 
optimum size and location of dg in the radial 
distribution system. This methodology requires load 
flow to be carried out only two times, one for the 
bade case and another at the end with DG included to 
obtain the final solution. 
 
V.1.SIZING AT VARIOUS LOCATIONS 
 The total power loss against injected power 
is a parabolic function and at minimum losses. The 
rate of change of losses with respect to injected 
power becomes zero.                                  
훼 = = 2∑ (훼 푃 − 훽 푄 )                            
(3) 

It follows that  
훼 푃 − 훽 푄 +∑ (훼 푃 − 훽 푄 ), = 0           
(4)                                             
푃 = [훽 푄 + ∑ (훼, 푃 − 푖푗푄 ] 
Where 푃 is the real power injection at node i, which 
is the difference between real power generation and 
the real power demand: 
푃 = (푃 − 푃 )                                                         
(5) 
Where 푃  is the real power injection from DG 
placed at node i,푃  is the load demand at node i.By 
combining (4) and (5) we get (6) 
푃 = 푃 + [훽 푄 − ∑ (훼, 푃 − 훽 푄 )                                                                           
(6) 
The above equation gives the optimum size of DG for 
each bus i, for the loss to be minimum. Any size of 
DG other than 푃  will lead to higher losses. 
 
VI. LOAD FLOW SOLUTION 
 
 The main aim of this work is to develop a 
new formulation for load flow method. The proposed 
load flow algorithm requires formation of Bus 
Injection to Branch Current (BIBC) matrix with 1’s & 
0’s as elements and Branch Current to Bus Voltage 
(BCBV) matrix with primitive impedances as 
elements and Distribution Load Flow (DLF) matrix 
where DLF matrix is obtained as product of BCBV & 
BIBC matrices [16]. The distribution load flow 
method is robust, time-efficient and needs very less 
memory even for a large size distribution system.  
A.  Algorithm for BIBC matrix  
Step 1 : For a system with m branch sections and an 
n-bus ,the dimension of the BIBC matrix is  m×(n-1).  
Step 2: If the line section (branch) Bk is located 
between Bus i and j , copy the column of the i-th  bus 
of BIBC matrix to the column of the j-th bus and add 
1 to the k-th row and the j-th bus column. 
 Step 3: Repeat step (2) until all the sections are 
included in the BIBC matrix. 
B. Algorithm for BCBV matrix 
Step 1 : For a system with m branch sections and an 
n-bus ,the dimension of the BCBV matrix is (n-1)×m.  
Step 2: If the line section (branch) Bk is located 
between Bus i and j , copy the row of the i-th  bus of 
BCBV matrix to the row of the j-th bus and add 
primitive line impedance(Z-k) in position of  j-th bus 
row and k-th column. 
 Step 3: Repeat step (2) until all the sections are 
included in the BCBV matrix. 
 
VII. Test system and analytical tools 
 The proposed methodology is tested on 
IEEE 33-Bus test system which contains 33 buses and 
32 branches. The single line diagram of the test 
system is shown in fig.3.It is a radial system with 
load of 100MVA and 12.66 KV. 
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Fig.3.Single line diagram of 33-bus test system 

 
Fig.4.Optimum size of DG at various locations for 33 bus 

distribution system 
 
VIII. Simulation Results 
 At last the proposed analytical methodology 
helps to find the optimum size and location as bus 
number 6 where minimum losses are obtained with 
122.8024KW. The only supply source in the system 
is the substation at bus 1 as a slack bus with a 
constant voltage. Remaining All loads are treated as 
constant PQ loads. 

Table 1:Line data of IEEE 33-bus test system 
BRA
NCH 
NUM
BER 

SENDI
NG 
END 
BUS 
NUMB
ER 

RECEIVI
NG END 
BUS 
NUMBE
R 

BRANCH 
RESISTA
NCE (Ω) 

BRANC
H 
REACT
ANCE 
(Ω) 

1 1 2 0.0922 0.0477 
2 2 3 0.4930 0.2511 
3 3 4 0.3660 0.1864 
4 4 5 0.3811 0.1941 
5 5 6 0.8190 0.7070 
6 6 7 0.1872 0.6188 
7 7 8 1.7114 1.2351 
8 8 9 1.0300 0.7400 
9 9 10 1.0040 0.7400 
10 10 11 0.1966 0.0650 
11 11 12 0.3744 0.1238 
12 12 13 1.4680 0.1550 
13 13 14 0.5416 0.7129 
14 14 15 0.5910 0.5260 
15 15 16 0.7463 0.5450 
16 16 17 1.2890 1.7210 
17 17 18 0.7320 0.5740 
18 2 19 0.1640 0.1565 
19 19 20 1.5042 1.3554 
20 20 21 0.4095 0.4784 
21 21 22 0.7089 0.9373 
22 3 23 0.4512 0.3083 
23 23 24 0.8980 0.7091 
24 24 25 0.8986 0.7011 
25 6 26 0.2030 0.1034 
26 26 27 0.2842 0.1447 

27 27 28 1.0590 0.9337 
28 28 29 0.8042 0.7006 
29 29 30 0.5075 0.2585 
30 30 31 0.9744 0.9630 
31 31 32 0.3105 0.3619 
32 32 33 0.3410 0.5302 

Table 2:load data of IEEE 33-bus test system 
BUS 

NUMBER 
P(KW) Q(KVAR) 

1 0 0 
2 100 60 
3 90 40 
4 120 80 
5 60 30 
6 60 20 
7 200 100 
8 200 100 
9 60 20 
10 60 20 
11 45 30 
12 60 35 
13 60 35 
14 120 80 
15 60 10 
16 60 20 
17 60 20 
18 90 40 
19 90 40 
20 90 40 
21 90 40 
22 90 40 
23 90 50 
24 420 200 
25 420 200 
26 60 25 
27 60 25 
28 60 20 
29 120 70 
30 200 600 
31 150 70 
32 210 100 
33 60 40 

 The optimum size of DG at bus 6 is 2.6454 
MW.Now 2.6454 MW size of DG is connected at bus 
6 of base system and is considered as base case. The 
sensitivity results are shown in the table.3. 
 DG placement not only reduces the power 
loss of the test system but also the voltage profile of 
the radial distribution system gets improved. The 
voltage profile improvement is shown in table.4. 

Table 3: Results of Sensitivity Analysis 

 
Table 4: Voltage Profile before and After DG 
placement 

BUS NUMBER VOLTAGE 
PROFILE BEFOR 

DG 

VOLTAGE 
PROFILE AFTER 

DG 
1 1.0000 1.0000 
2 0.9970 0.9986 
3 0.9826 0.9929 
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4 0.9739 0.9906 
5 0.9652 0.9886 
6 0.9440 0.9820 
7 0.9406 0.9818 
8 0.9250 0.9669 
9 0.9176 0.9598 
10 0.9121 0.9546 
11 0.9113 0.9538 
12 0.9099 0.9525 
13 0.9040 0.9469 
14 0.9019 0.9448 
15 0.9002 0.9432 
16 0.8990 0.9421 
17 0.8975 0.9406 
18 0.8971 0.9403 
19 0.9965 0.9981 
20 0.9929 0.9945 
21 0.9922 0.9938 
22 0.9916 0.9932 
23 0.9803 0.9906 
24 0.9762 0.9866 
25 0.9729 0.9833 
26 0.9415 0.9795 
27 0.9389 0.9770 
28 0.9274 0.9660 
29 0.9191 0.9581 

30 0.9153 0.9544 
31 0.9064 0.9459 
32 0.9052 0.9448 
33 0.9044 0.9439 

 
IX. CONCLUSION: 
 
 Size and location of a DG plays a crucial 
role in the reduction of losses in the radial 
distribution system. In this paper the sensitivity 
analysis algorithm and BIBC,BCBV algorithms are 
tested on IEEE 33-bus test system to find the optimal 
location and size of DG.The main motto in our paper 
is to minimize the real power losses. The optimum 
size and location of the DG is done by sensitivity 
algorithm. The proposed methodology for location 
and size selection correctly identifies the best location 
and best size for DG placement in order to minimize 
the total power losses. Also improvement in voltage 
profile can also be achieved by best DG location and 
sizing. The proposed methodology for location 
selection correctly identifies the best location for 
single DG placement in order to minimize the total 
power losses.   
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