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ABSTRACT

Modern utilities are continuously planning the expansion of their 
electrical networks to face the load growth and to properly supply their 
consumers. Distributed generation (DG) is a rapidly growing technology 
that helps to achieve this objective. This article presents computation-

The loss minimization problem is formulated as non-linear optimization 
programming, where the objective is to minimize the real power losses. 

non-linear programming is solved by Newton’s method. The effects of 

and losses are reduced, when DG is incorporated in the system. The 
methodology is applied to IEEE-13 bus distribution test system.

INTRODUCTION

An electrical distribution system is a service of electrical circuits 
that delivers power in the proper proportion to homes, commercial 
businesses and industrial facilities. Regardless of the size and applica-
tions, the ultimate goal remains universal, i.e., the economic and safe 
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of distribution system used by the utility company depends on the 

is changed during operation by changing the state of the sectionalizing 
switches. Changes in the topology of a distribution system is mainly 
aimed at diminishing the real power losses in the feeders, improving 

-
ing faults to restore the power supply. The change in topology of the 
distribution system for the purpose of system loss reduction is termed 

-
tor banks have been added to distribution system to reduce losses, to 

The demand for electrical energy has increased many fold as a 
result of large-scale industrialization, which leads to many problems 
associated with operation and control of power systems. Therefore, the 
power utilities always need new generation technologies to solve their 

-
tions that have received a lot of attention in the recent past.

The development of microturbines, renewable energy resources, 

can be used at many load points within distribution systems in small 
capacities and are known as distributed generation. Supply security, 

-

production at or near the point of use, irrespective of size, technology, 

into an existing network can result in line loss reduction, reduced en-

relieved transmission and distribution congestion, voltage support and 
deferred investments to upgrade existing generation, transmission and 

Load flow is a very important and fundamental tool for the 
analysis of a distribution system and is used in the operational as well 
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-

and radial nature of distribution networks. Literature surveys show 

-
tion of Jacobians and computation of power mismatches at the end of 
the feeder and laterals, and the other based on backward and forward 

In the past, much literature related to performance of the distri-
bution system has been published. The interaction between DGs and 
distribution networks is discussed and sensitivity indices are proposed 
that can be used to identify the size and location of DG with minimum 

-

power factor are important factors for line loss reduction. A distribution 

that focus on loss allocation and the presence of distributed generation 

solved through a heuristic methodology and the losses allocation func-
-

constraints.
A new methodology to solve the optimal distributed generation 

-

distribution system voltage stability has been theoretically established, 
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the selection of best location, the optimal penetration level of DG at 
selected buses is calculated by primal-dual interior point method.

A multi-objective performance index is formulated for distribution 

planning in terms of DG size and location to reduce the amount of line 

-
sesses the compatibility of different generation schemes upon the level 
of power loss reduction and DG cost.

DG on the reliability of on-site electric power is discussed. Recognizing 
the increased need for a higher reliability energy system and a cleaner 

analysis shows the optimal DG mix at various facility outage costs with 
and without an emission restriction. An algorithm based on primal-dual 
interior point method has been developed for solving non-linear optimal 

sizing of DG on distribution system for solving the problem of line loss 
reduction.

of distribution system. The concept of distributed generation is discussed 
and implemented. The problem is formulated as non-linear optimization 
programming, where the objective is to minimize the real power losses. 

non-linear programming is solved by Newton’s method. The effects of 

and losses are reduced, when DG is incorporated in the system. The 
methodology is applied to IEEE -13 bus distribution test system.

BENEFITS OF DISTRIBUTED GENERATION

Distributed generation (DG) by itself is not a new concept. A small 
number of consumers have been installing their own generation on-site 
for decades. Recently, however, the creation of competitive retail electric 
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markets and the development of new generation technologies, including 
fuel cells and microturbines have sparked new and broader interest in 
distributed generation. Almost every participant in discussions about 

DG could include only small-scale environmentally friendly technolo-

turbines—that are installed on and designed primarily to serve a single 
end user’s site. At the other end, DG could encompass any generation 
built near consumer’s load regardless of size or energy source.

In certain applications, some DG technologies can provide sig-

reduced emissions, and enhanced reliability. Generation located near 
customer load can reduce energy losses, permit utilities to deter up-
grades to substations, distribution facilities and transmission facilities 
and provide back start capability and spinning reserves. Microturbines, 
turbines and combustion engine generators can provide voltage support 
and reduce reactive power losses. Some DG technologies including fuel 
cells, microturbines and internal combustion engines can gain increased 

-
able resources or fuel cells can substitute for central station generation 
that could have greater emissions and land-use impacts. As the industry 

-
native to volatile markets and market abuses. Finally, because they can 
be faster to build, easier to move, need less existing infrastructure, and 

-
erations, some DG technologies could have a tremendous role to play 
internationally in less developed countries.

cheap, clean and reliable for broad application. Some of the presumed 
-

tion made by manufacturers of fuel cells and microturbines that their 
technologies will eventually prove to be inexpensive and reliable (as 
they are projected to be). In reality, it will take several years of further 
developments and testing before those projections can be evaluated ob-

are highly dependent on the manner in which DG facilities are planned, 
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factors into account could not only fail to capture any of the presumed 

Distribution System Power Flow

law and Ohm’s law), which become part of the constraints in the DG 
placement problem. In the proposed solution algorithm for the DG place-

this analysis, a balanced 3-phase radial distribution is considered, which 
is modeled by a set of n buses or nodes interconnected by n branches.

Special Case: Radial Main Feeder

1

= r1 + jx1

SL L L, represents the loads. Distributed Generators are placed at 

If the power supplied from the substation, S , is known, 

is calculated as

Figure 1. One-line Diagram of a Radial Feeder.





Dale R. Patrick and Stephen W. Fardo
Comprehensive in scope, this book, now in its fully updated second 

on electrical distribution systems. All critical aspects of power production, 
distribution, control, conversion and measurement are clearly presented. 

electrical distribution and associated system operation from a user’s 
or technician’s point of view. The use of an ‘electrical power systems’ 

the economics of distribution systems, computer power requirements and 
current environmental considerations. The book will serve as a valuable 
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Repeating the same process yields the following recursive formula 
for each branch on the feeder.

i i

i + 1 connecting node i and node i + 1,

i= bus voltage magnitude at node i

Dgi = real power injection from DG at node i.

Dgi = reactive power injection from DG at node i

, then

  

(ii) at the end of the main feeder,

  

-

They are of the form
0),( 0 =uxG
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x x T ...... xn
T T is the branch variables and u is the DG sizes. 

PLi,QLi, ;i = 1 ......n) and DG 
sizes (control variables), u, 3(n
determine the operating point, x0, of the system.

General Case: Main Feeder with Laterals

feeder as well as laterals. The lateral branching out of node k is referred 
to as the lateral k and the node k is referred to as the branching node. 
For lateral k with nk
the following form

xki = fki + 1 (xki, uki+1) i nk

xki = Vk0  = Vk  = x k3

xkn1 = Pkn xkn  = Qkn

n branches and l laterals, 
there are 3(n

G(x, u

Figure 2. One line diagram of radial feeder with laterals.
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Where x xi
T ...........x1

T x T T, xk xk
T..........xkn

T
T

x u

solution algorithm.

The DG placement problem is to determine the location, type and 
size of the DGs to be placed on a distribution system. The objectives are 
to reduce the losses on the system and to maintain the desired voltage 

Therefore, the sizing problem determines the optimal sizes of the 

within the acceptable limits.
To formulate the sizing problem as a nonlinear programming prob-

lem, a radial distribution system with n branches, l laterals, and nDg

Li Li, i = 
1,....,n is considered. The objective comprises real power loss reduction 
in the system as a result of DG placement. The real power losses in the 
network are calculated as the sum of the i r loss on each branch.

p (x) = rki+1 Vki2

Pki2 + Qki2

i = 0

kn–1
/

k = 0

l

/

There are 3 sets of constraints.
G(x,u
Vkl xki3 = Vk1 Vki

u umax

To summarize, the sizing problem in DG placement is
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min f  = kpp(x)

S.t xki + l = fki+l (xki, uki+1) k l

x
3
 = x

3

xkn1
 = xkn i nk – 1

Vki
min xki3

 = Vki Vki
max

u umax

RESULTS AND DISCUSSIONS

An IEEE 13-bus test feeder, as shown in Figure 3, is considered 
for study. A number of simulations are conducted with different load 

here. The study is done for different cases of distributed generation as 

Figure 3. IEEE 13 Node Test Feeder



Vol. 24, No. 3     2009 35

-
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in Figure 11. This is because DG supplies a portion of real and reactive 
power to the load. Thus, the feeder current reduces from the source to 

Table 2. Radial Flow Summary of the System without Distributed Generation
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the real power losses with respect to the system without DG and with 

and Figure 13 show that, by injecting DG into the distribution system, 
we can reduce the distribution line loss.

Table 4. Radial Flow Summary of the System with Distributed Generation 
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CONCLUSION

In the present work, computationally efficient and numerically 
-

tion of distribution system with distributed generation. The problem 
is formulated as non-linear optimization programming, where the 
objective is to minimize the real power losses. The constraints are 

Figure 3. IEEE 13 Node Test Feeder
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Voltage 

the system 
with DG at 
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Figure
-

parison of 
Voltage 

the system 
without
DG and 
with DG 
(At Node 



44 Cogeneration and Distributed Generation Journal

Figure 9. Losses of the 
system without DG
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The upper and lower limits of voltages are considered. DG is 
considered to be connected at some of the busses. The non-linear 
programming is solved by Newton’s method. The effects of distrib-
uted generation on the system voltage profile and losses have been 
analyzed. The system is simulated for different cases of distributed 
generation and a comparative study of the system with DG and 
without DG is carried out. The study reveals that, with the incorpo-
ration of DG, the system voltage profile improves to a greater extent 
and also the system loss is minimized extensively. The results show 
that the voltage profile is improved and losses are reduced when 
DG is incorporated in the system. This is because DG supplies a 
portion of real and reactive power to the load. Thus, the feeder cur-
rent reduces from the source to the DG location, resulting in lower 
electrical line loss. The methodology is applied to the IEEE-13 bus 
distribution test system.
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