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Abstract
Recent research has shown that installation of Distributed 
Generation (DG) units in the utilities distribution system of a 
power network would lead to attainment of numerous potential 
benefits. To maximize these benefits, it is crucial to find the optimal 
number or size of DG units and their appropriate locations in power 
distribution systems, since sitting DG units in improper locations 
could jeopardizes the system operation. The aim of the optimal 
DG placement (OPDG) is to provide the best locations and sizes 
of DGs to optimize electrical distribution network operation and 
planning taking into account DG capacity constraints. Several 
models and methods have been suggested for the solution of the 
OPDG problem. This paper presents an overview of the state of the 
art models and methods applied to the OPDG problem, analyzing 
and classifying current and future research trends in this field.

Keywords
Decentralized Generation, Disperse-D Generation, Distributed 
Energy Resources, Distri-Buted Generation (DG), Distribution 
Systems Optimization, Embedded Generation, Optimal Pla-
Cement of Distributed Generation (OPDG).

I. Introduction
Distributed generation (also called decentralized generation, 
dispersed generation, and embedded generation) is simply 
defined as any source of electrical energy of limited size that is 
connected directly to the distribution system of a power network. 
DG can be powered by number of sources both renewable and 
non-renewable. Examples of renewable sources include PV solar, 
wind, geothermal, mini hydro, and biomass while reciprocating 
engines, fuel cell, gas turbines and micro turbines belong to the 
non-renewable category. In the last decade, the penetration of 
renewable and nonrenewable distributed generation (DG) resources 
is increasing worldwide encouraged by national and international 
policies aiming to in-crease the share of renewable energy sources 
and highly efficient micro -combined heat and power units in 
order to reduce greenhouse gas emissions and alleviate global 
warming. Next to environmental advantages, DGs contribute in 
the application of competitive energy policies, diversification 
of energy resources, and reduction of on-peak operating cost, 
deferral of network up-grades, lower losses and lower transmission 
and distribution costs, and potential increase of service quality 
to the end customer. Moreover, DGs are available in modular 
units, characterized by ease of finding sites for smaller generators, 
shorter construction times, and lower capital costs. Decision about 
DG placement is taken by their owners and investors, depending on 
site and primary fuel availability or climatic conditions. Although 
the installation and exploitation of DGs to solve network problems 
has been debated in distribution networks, the fact is that, in most 
cases, the distribution system operator (DSO) has no control or 
influence about DG location and size below a certain limit. 
However, DG placement impacts critically the operation of the 
distribution network. Inappropriate DG placement may increase 
system losses and network capital and operating costs. On the 
contrary, optimal DG placement (OPDG) can improve network 

performance in terms of voltage profile, reduce flows and system 
losses, and improve power quality and reliability of supply. The 
DG placement problem has therefore attracted the interest of many 
re-search efforts in the last fifteen years [1]–[63], since it can 
provide DSOs, regulators, and policy makers useful input for 
the derivation of incentives and regulatory measures. This paper 
proposes taxonomy of OPDG models and methods, offering a 
unifying description of a relatively large number of works devoted 
to the subject. This review serves as a guide to aid researchers and 
power system engineers on the available DG placement models 
and methods.

II. Problem Modeling

A.  General Problem Statement 
The typical OPDG problem deals with the determination of the 
optimum locations and sizes of DG units to be installed into 
existing distribution networks, subject to electrical network 
operating constraints, DG operation constraints, and investment 
constraints. The OPDG is a complex mixed integer nonlinear 
optimization problem.

B. Objective
The objective function of the OPDG can be single or multi-
objective. The main single objective functions are: (1) minimization 
of the total power loss of the system; (2) minimization of energy 
losses; (3) minimization of system average interruption du-
ration index (SAIDI); (4) minimization of voltage deviations; 
(5) maximization of DG capacity; and 6) maximization of voltage 
limit load ability (i.e., the maximum loading that can be supplied 
by the power distribution system while the voltages at all nodes 
are kept within the limits). OPDG multi objective formulations 
can be classified as:

Multi objective function with weights, where the multi • 
objective formulation is transformed into a single objective 
function using the weighted sum of individual objectives; 
goal multi-objective index, where the multi objective • 
formulation is transformed into a single objective function 
using the goal programming method; 
Multi-objective formulation considering more than one often • 
contrasting objectives and selecting the best com-promise 
solution in a set of feasible solutions. 

C.  Number of DGs 
Depending on the number of DGs to be installed, the OPDG 
problem is classified as:
1. Single DG
2. Multiple DGs installation.

D. DG Variables
The following design variables (unknowns) are alternatively 
computed for each DG: (1) location; (2) size; (3) location and 
size; (4) type, location and size; (5) number, location and size; 
and (6) number, type, location, and size. DG type refers to DG 
technology, e.g., wind, solar, biomass, fuel cell, and diesel. As an 
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example, let us consider the above-mentioned second case where 
the design variable is only the DG size. This particular class of 
OPDG problem is very interesting in the smart grid system, where 
the usage of renewable energy is expected to in-crease. However, 
placement of these renewable DGs is greatly influenced by the 
natural environment. Therefore, it is very important to determine 
the size of renewable energy when the placement is fixed [53].

E.  Load Variables
The load profile is modeled in OPDG as: (1) one-load level; (2) 
multi-load level; (3) time-varying; (4) probabilistic; and (5) fuzzy. 
The load can be either distributed along the lines, or concentrated 
on the network buses. In case of concentrated load, the following 
modeling alternatives exist: (1) constant power; (2) variable power 
that depends on the magnitude of bus voltage; (3) probabilistic; 

and (4) fuzzy.

F. DG Technology
DG can be rotating devices (synchronous or asynchronous 
machines) directly coupled to the network, or they can be 
rotating or static devices interfaced via electronic converters. 
When connected to the power system, these DG technologies 
have different impacts on power system operation, control, and 
stability. For example, inverter-based DG units have voltage 
control capability. Moreover, they impact system harmonic levels 
more than synchronous- based DG. On the other hand, directly 
coupled rotating DG units have a much more profound effect on 
protection coordination than converter- interfaced DG units. Thus, 
these power system impacts of DG technology affect the size and 
optimal placement of DG [58-59].

Table 1: Taxonomy of the Reviewed Optimal DG Placement Models

Reference Number of 
DGs Design variables Load model Objective Objective function

[1] Multiple Size Constant power Single Min power loss
[2] Multiple Size Constant power Single Min power loss
[3] Single Location + size Distributed Single Min power loss
[4] Multiple Location + size Distributed Multiple Min power loss

[5] Multiple Location + size Constant power Single Multi objective with 
weights

[6] Single Location Distributed Single Min power loss
[7] Multiple Location + size Constant power Multiple Max DG capacity
[8] Multiple Location + size Constant power Multiple Multiobjective
[9] Multiple Location + size Constant power Single Max DG capacity
[10] Multiple Location + size Constant power Single Min power loss
[11] Single Location Constant power Single Min SAIDI
[12] Single Location + size Constant power Single Min power loss
[13] Multiple Type + location + size Variable power Multiple Multiobjective
[14] Single Location + size Variable power Single Min power loss
[15] Multiple Location + size Fuzzy Multiple Multiobjective

[16] Single Location Constant power Multiple Multi objective with 
weights

[17] Multiple Location + size Variable power Multiple Multiobjective
[18] Multiple Location Constant power Single Min power loss
[19] Multiple Location Constant power Multiple Multiobjective
[20] Multiple Location + size Variable power Single Min voltage deviations

[21] Multiple Location Constant power Multiple Multi objective with 
weights

[22] Multiple Location + size Constant power Single Min power loss

[23] Single Location + size Variable power Multiple Multi objective with 
weights

[24] Multiple Location + size Distributed Single Min power loss
[25] Single Location + size Constant power Single Min power loss
[26] Multiple Location + size Constant power Single Min power loss
[27] Multiple Size Constant power Single Max DG capacity
[28] Multiple Size Constant power Single Max DG capacity
[29] Multiple Type + location + size Probabilistic Single Min energy loss

G. Constraints
The most common constraints in the OPDG formulation are: (1) power flow equality constraints; (2) bus voltage or voltage drop 
limits; and (3) line or transformer overloading or capacity limits—moreover, the following constraints have been considered in some 
OPDG models: (4) total harmonic voltage distortion limit; (5) short-circuit level limit; (6) reliability constraints, e.g., max SAIDI; (7) 
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power generation limits, (8) DG with constant power factor; (9) 
DG penetration limit; (10) maximum number of DGs; (11) limited 
buses for DG installation; and (12) discrete size of DG units.

H. Taxonomy
Table 1: Presents Taxonomy of the Reviewed OPDG Models

III. Materials And Methods

A. Analytical Methods
On a radial feeder with uniformly distributed load, the analytical 
method known as the “2/3 rule” suggests to install a DG of 2/3 
capacity of the incoming generation at 2/3 of the length of the 
line [3]; however, this technique may not be effective for non-
uniformly distributed loads. An analytical method, based on the 
exact loss formula, is

Table 1: (Continued.) Taxonomy of the Reviewed Optimal DG Placement Models

Reference Number of 
DGs Design variables Load model Objective Objective function

[30] Single Location + size Constant power Multiple Multi objective with weights
[31] Single Location + size Constant power Single Min power loss
[32] Single Location + size Constant power Multiple Multi objective with weights
[33] Multiple Number + location + size Variable power Single Min power loss
[34] Multiple Size Constant power Single Max DG capacity
[35] Multiple Location + size Constant power Single Min power loss
[36] Multiple Location + size Probabilistic Single Min energy loss

[37] Multiple Number +type + location 
+ size Constant power Single Min power loss

[38] Multiple Location + size Constant power Multiple Multi objective with weights
[39] Multiple Location + size Constant power Single Min energy loss
[40] Single Location + size Constant power Single Min power loss
[41] Multiple Location + size Constant power Multiple Multi objective with weights
[42] Multiple Location + size Constant power Multiple Multi objective with weights
[43] Multiple Location + size Variable power Multiple Multi objective with weights
[44] Single Location + size Variable power Multiple Multiobjective
[45] Multiple Location + size Constant power Single Min power loss
[46] Multiple Type + location + size Probabilistic Multiple Multi objective with weights
[47] Multiple Location + size Constant power Single Max voltage limit loadability
[48] Multiple Location + size Constant power Multiple Multi objective with weights
[49] Single Location Constant power Single Min power loss
[50] Multiple Number + location + size Constant power Multiple Goal multiobjective index
[51] Multiple Size Constant power Single Max DG capacity
[52] Multiple Location + size Constant power Multiple Multi objective with weights
[53] Multiple Location + size Constant power Single Min power loss
[54] Multiple Location + size Constant power Single Min power loss
[55] Multiple Location + size Constant power Single Min power loss
[56] Multiple Type + location + size Probabilistic Single max voltage index
[57] Multiple Type + location + size Constant power Single Max DG capacity

proposed to optimally site and size a single DG [13]. An analytical 
method using a loss sensitivity factor that is based on the equivalent 
current injection is developed in [27] to find the optimum size and 
location of a single DG. An analytical method is proposed in [28] 
for finding the optimal locations of multiple DGs in combination 
with the Kalman filter algorithm for determining their optimal 
size. Analytical expressions for the optimal location and size of 
one and two DGs are proposed in [26]. Analytical expressions 
for finding optimal size and power factor of different types of 
DGs are suggested in [33]. An analytical method described in 
[56] computes the optimal location and size of multiple DGs, 
considering also different types of DGs.

B.  Numerical Methods 

1. Gradient Search
Gradient search for the optimal sizing of DGs in meshed networks, 
ignoring and considering fault level constraints, is proposed in [1]. 

2. Linear Programming (LP)
LP is used to solve OPDG models in [09], achieving maximum DG 
penetration and maximum DG energy harvesting, respectively. 

3. Sequential Quadratic Programming (SQP)
SQP is applied to solve OPDG without fault level constraints, in 
[37].
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4. Nonlinear Programming (NLP)
A discrete probabilistic generation-load model with all possible 
operating conditions is reduced to a deterministic model that 
is solved using a mixed integer of the nonlinear programming 
(MINLP) technique for optimally allocating either only wind DG 
units [38], or different types of DG units [31]. The OPDG is 
formulated as a multi-period ac Optimal Power Flow (OPF) that 
is solved using NLP [29-30, 41]. MINLP is employed for optimal 
allocation of different types of DG units considering electricity 
market price fluctuation [40]. Electronically interfaced DG units, 
with an objective of improving the voltage stability margin, are 
optimally placed and sized [58]. 

5. Ordinal Optimization (OO)
An OO method is developed for specifying the locations and sizes 
of multiple DGs such that a tradeoff between loss minimization 
and DG capacity maximization is achieved. 
Exhaustive Search: The OPDG is solved by an exhaustive search 
that seeks the DG location that optimizes the objective function 
(maximization of reliability or minimization of system power 
loss) for a given DG size [12]. An exhaustive search is proposed 
for solving the OPDG in distribution networks with variable 
power load in [15, 22, 35]. A multi-objective performance index, 
taking into account the time-varying behavior of both demand and 
generation, when optimized by an exhaustive search, is suggested 
in [18].

C. The Meta-Heuristic Approaches 
A meta-heuristic is an iterative generation process which can act 
as a guide for its subordinate heuristics in order to efficiently find 
optimal or near-optimal solutions of the optimization problem. It 
intelligently combines different concepts derived from artificial 
intelligence to improve the performance. Meta-heuristics have 
to come to be the most recent development in approximate 
search methods that have been highly successful for solving 
complex optimization problems in diverse areas better than their 
subordinate heuristics. Some of the algorithms that adopt meta-

heuristics concepts are given below. 

1. Genetic Algorithm (GA)
GA and an improved Hereford ranch algorithm (variant of GA) 
are proposed in [2] for DGs optimal sizing. GA is applied to 
solve an OPDG problem with reliability constraints. GA is used 
to solve an OPDG that considers variable power concentrated 
load models [25], distributed loads [24], and constant power 
concentrated loads [24]. A GA methodology is implemented to 
optimally allocate the renewable DG units in the distribution 
network. The Goal programming transforms is a multi-objective 
OPDG into a single objective OPDG, which is solved by a GA 
method [52]. GA and decision theory are applied to solve an OPDG 
problem under un-certainty including power quality issues [5]. 
GA and OPF are combined to solve the OPDG [16]. A fuzzy GA 
is employed to solve a weighted multi-objective OPDG model 
[43-44]. A hybrid GA and fuzzy goal programming is proposed 
for OPDG [19]. A combined GA and tabu search is suggested in 
[10]. GA solves a weighted multi-objective OPDG model in [32]. 
The Multi-objective of OPDG formulations are solved using a GA 
and an  -constrained method in [08], [46]. A non dominated sorting 
GA (NSGA) is used to maximize the distributed wind power 
integration [21].NSGA-II (a variant of NSGA) in combination 
with a max-min approach solves a multi-objective OPDG [17]. 
OPDG models with uncertainties are solved by Monte Carlo 
simulation in conjunction with GA in [14], [48]. 

2. Tabu Search (TS)
The OPDG problem is solved by the TS method for the case of 
uniformly distributed loads [4]. TS simultaneously solve OPDG 
and optimal placement of reactive power sources . A continuous 
stochastic OPDG model is solved by a GA as well as by a combined 
TS and scatter search. 

3. Particle Swarm Optimization (PSO)
PSO is applied to solve an OPDG model in distribution system 
with non unity power factor considering 

Table 2: Contribution of the Reviewed Optimal DG Placement Works
Optimization 
approach Reference Contribution 

Analytical approach

[3]
[13]
[26]
[27]
[28]
[33]
[56]

The 2/3 rule is proposed for determining the DG location and size on a radial feeder with 
uniformly distributed load.
Calculation of the optimal size and location of a single DG  in order to minimize system 
power loss.
Expressions for optimal location and size of micro generators on low voltage networks 
with distributed load.
Loss sensitivity factor, based on the equivalent current injection, is employed for solution 
of the OPDG.
The Kalman filter algorithm is proposed for solving OPDG.
Expressions for optimal size of single DG capable of injecting real power & injecting or 
consuming reactive power.
Computes the optimal location and size of multiple distributed generation units.

Numerical Methods
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Gradient search
Linear 
Programming
Sequential 
Quadratic                                                                          
programming(SQP)
Non-Linear 
Programming

Exhaustive search

Tabu search(TS)

[1]
[09]
[37]

[31]
[38]
[40]
[58]
[12]
[15]
[18]
[22]
[42]
[4]

Reduced gradient method is proposed to compute the optimal size of DGs in selected 
buses.
OPDG is solved using LP and exploited the interdependence of buses with regard to the 
constraints.
SQP in combination with sensitivity indices optimally placed DGs with pre-specified & 
unspecified power factor.

An OPDG considering time varying demand & generation utilizing discrete probabilistic 
techniques, using MINLP.
Optimal allocation of wind-based distributed generation in distribution system using 
probabilistic approach.
Optimal allocation of different types of DG units considering electricity market price 
fluctuations.
To improve voltage stability with probabilistic nature of both the renewable resources and 
the load demand.
Two criteria for OPDG are invested: minimization of power loss & maximization of 
reliability.
Using variable power instead of simplified constant power load model significantly affects 
the OPDG.
To estimate the benefits of DG insertion time varying behavior of both demand and 
generation are considered.
OPDG considering the changes in the load conditions due to contingencies on unbalanced 
distribution system.
A heuristic curve-fitted technique along with sensitivity test solves the OPDG problem.
TS solve the OPDG problem for the case of uniformly distributed load with unity power 
factor.

variable power load models [45]. An improved PSO is proposed 
for optimal placement of various DG types that inject real power 
and inject or absorb reactive power [39]. A hybrid GA and PSO 
is suggested in [50] .Discrete PSO computes the optimal DG 
location. PSO is used for optimal selection of types, locations and 
sizes of both inverter-based and synchronous-based DG units to 
achieve maximum DG penetration considering standard harmonic 
limits and protection coordination constraints [59].

4. Ant Colony Optimization
An ant colony system (ACS) algorithm is proposed to solve the 
optimal placement of DG units [23].

5. Artificial Bee Colony (ABC)
An ABC method, with only two control parameters to be tuned, 
is proposed in [47]. 

6. Differential Evolution (DE)
The optimal DG locations are computed based on incremental 
bus voltage sensitivities and the optimal DG sizes are calculated 
by DE [55]. 

7. Harmony Search (HS)
The optimal DG location is based on loss sensitivity factors and 
the optimal DG size is obtained by HS algorithm [57]. 

8. Practical Heuristic Algorithms
A heuristic approach places a single DG based on the ranking 
of the energy not supplied index or the ranking of the power 
losses in the network lines [51]. A heuristic iterative search 
technique is developed that optimizes the weighting factor of 
the objective function and maximizes the potential benefit thanks 
to the optimal DG placement [34]. Heuristic OPDG methods 
based on continuation power flow are proposed in [20], [49]. 
The OPDG is solved by voltage sensitivity analysis and loss 

sensitivity analysis of power flow equations in combination with 
a security constrained optimization method [07].The OPDG for 
small distribution networks is solved by a heuristic method in 
[36]. The OPDG is 
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Table 2(Continued.) Contribution of the Reviewed Optimal DG Placement Works
Meta-Heuristic Approach

Genetic algorithm
[2]
[5]
[08]
[10]
[14]
[16]
[17]
[19]
[21]
[24]
[25]
[32]
[43]
[44]
[46]
[48]

A GA & an advanced Hereford ranch algorithm with improved genetic operators are introduced 
for ODGP.
An ODGP, model considering power quality & DG uncertainties, is developed & solved using 
GA.
Optimization of power quality indicators in minimization of network costs by a double trade-
off method.
The ODGP is solved by a GA & TS.
ODGP model for integration of stochastic generators based on accuracy improving Monte 
Carlo simulations.
A Hybrid GA and power flow technique is applied to determine the site & size of 
predetermined number of DGs.
An ODGP, which considers uncertainties using fuzzy numbers, is solved by a hybrid NSGA-II.
GA in combination with fuzzy goal programming determines the optimal location and sizes of 
DGs.
To maximize the integration of wind power, a multiobjective programming approach based on 
the NAGA is applied.
Solution to ODGP problem in radial system (distributed loads) as well as in meshed system 
(constant power loads). 
Variable power concentrated load are incorporated into an OPDG model which is solved by a 
GA.
GA solves an ODGP model with four different single objectives and one multiobjective 
formation with weights.
A high performance fuzzy GA is developed to solve a OPDG that maximizes the system 
loading margin.
A precise DG power flow model for wind turbine as well as multi objective function with fuzzy 
weights.
Multiobjective OPDG considering voltage rise issue and voltage dependent nodes, solve by 
Trade-off method.
Monte Carlo simulation-embedded GA solves an OPDG with uncertainties.

Particle Swarm 
Optimization (PSO)

[52]
[39]
[45]
[50]
[59]

DG power flow model for wind turbine is formulated as a single objective goal programming 
problem.
OPDG is solved by an improved PSO with mechanisms that provide better search direction.
PSO is applied for optimal placement of multiple DGs in distribution system with varying 
power load models.
OPDG is solved by a Hybrid GA –PSO, GA searches the site of DG & PSO optimizes the size 
of DG.
Inverter-based & synchronous-based DGs considering standard harmonic units & protection 
coordination constraints.

Ant Colony 
Optimization(ACS)

[23] ACS algorithm is proposed to optimize the DG placement for a fixed recloser allocation and 
vice-versa.

Artificial Bee 
Colony [47] An ABC method is proposed to conclude the optimal DG unit’s location, size and power factor.

Differential 
Evolution [55] OPDG considering voltage stability is solved by differential evolution along with incremental 

bus voltage sensitivity. 

Harmonic Search [57] Network configuration and optimal DG placement are dealt simultaneously and solved by 
harmonic search method.

Practical Heuristic 
algorithms

[07]
[20]
[34]
[36]
[49]
[51]
[54]

Coordinated and OPDG units and reclosers into a security constrained distribution system.
Based on the continuation power flow and the determination of most sensitive buses to voltage 
collapse.
A multi-objective OPDG model with weighting factors is developed and optimized value is 
computed.
A heuristic method is applied for solving technical problems without changing its structure.
Maximizing the voltage limit loadability is solved by heuristic method using continuation 
power flow.
An OPDG method based on the ranking of both non-supplied energy and power losses in lines.
An iterative method exploiting information on the time-varying voltage magnitude and loss 
sensitivity factor.
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solved by a heuristic iterative method in two stages, in which 
clustering techniques and exhaustive search are exploited [54]. 
A sensitivity test computes the optimal location and a heuristic 
curve-fitted technique provides the optimal size of DG [42]. 
Heuristic methods for sizing wind farms based on modes of voltage 
instability are developed in [53].

D. Evaluation
Analytical methods are easy to implement and fast to exe-
cute. However, their results are only indicative, since they 
make simplified assump-tions including the consideration of 
only one power system loading snapshot. Among the available 
numerical methods for OPDG, the most efficient are the 
nonlinear programming, the sequential quadratic programming 
and the ordinal optimization methods. The main advantage of 
the exhaustive search method is that it guarantees the finding of 
the global optimum; however, it is not suitable for large-scale 
systems, which is also a disadvantage for dynamic programming 
method. Heuristic methods are usually robust and provide near 
optimal solutions for large, complex OPDG problems. Generally, 
they require high comput-ational effort. However, this limitation 
is not necessarily critical in distribution generation placement 
applications.

IV. Contribution of the Reviewed Works
Table 2 describes the main contribution of the published OPDG 
works reviewed in this paper in an optimization approach 
method.

V. Conclusion
This study has presented a critical review of various existing 
models and optimization methods applied to the OPDG problem, 
analyzing and classifying current and future research trends in 
this field. It was identified that most common OPDG models has 
characteristics as installation of multiple DGs, the design variables 
are the location & size and the objective is the minimization of the 
total power loss of the system. The solution methodology which is 
used for OPDG problems are categorized as analytical, numerical 
and heuristic methods. The most commonly used techniques for 
the OPDG solution are genetic algorithm and various practical 
heuristics algorithms. The future areas include coordinated 
planning, uncertainty and stochastic optimization, dynamic 
OPDG, active network management and island operation.
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