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Abstract
This paper gives the review of the research on power system reliability assessment with Distributed Generation (DG). The 
primary importance of a power system is to provide the economical, reliable electrical energy supply to the  customers 
without any interruption. The evaluation and assessment of the reliability of power system is the most significant  aspect 
in designing and planning the distribution systems so that the distributed systems should supply electrical energy in 
 economic manner without any interruption of customer loads.

Keywords: Adequacy, Distributed Generation, DG, Power System Reliability

*Author for correspondence 

1.  Introduction on Power System 
Reliability

An electric power system supplies both the large and 
the small customers, with electrical energy which is not 
only economical but also reliable. The ability to provide 
adequate supply of electrical energy over the period of 
time desired under the working conditions is the reli-
ability. The concept of power system reliability can also 
be defined broadly as the overall ability of the system to 
fulfill the needs of the customer load requirements in an 
economical and reliable way. In the simpler terms, power 
system reliability is mentioned using the two basic fea-
tures; they are system adequacies and the system security. 
System adequacy is the presence of sufficient facili-
ties inside the system to fulfill customer load demands. 
These include facilities for electrical power generation, 
facilities for transmission of the power and facilities for 
distribution which is required to transfer the electrical 
energy generated from source to the desired load points. 
Thus the Adequacy represents the static condition of the 
system. If the system is subjected to any disturbances/
perturbations, then the response of the system towards 

those perturbations is the security of the system. These 
disturbances may also include various local and widely 
spread disturbances associated with the system and loss 
of energy in major part of the generation/transmission1.

Electric power system can be divided into three levels 
of hierarchy for the purpose of reliability evaluation2.
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Figure 1. Three hierarchy levels of power system2.
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HLI are concerned with the evaluation of the reliability 
factors of generation system. The main indices analysed 
are as given below: 

•	 Loss of Load Expectation (LOLE). 
•	 Loss of Energy Expectation (LOEE). 
•	 Failure Frequency.
•	 Failure Duration.

In HLI study only the power generating systems are con-
sidered and the impact on reliability of Transmission and 
Distribution (T&D) systems are neglected.

In Hierarchy level II (HLII), both the generation 
and the transmission systems are taken into account. 
This study is used to evaluate the reliability of a present 
operating system (in place) or a proposed system (to be 
installed). From these studies the output related to each 
bus and the output for overall system can be obtained. 
The main reliability indices being considered are the fre-
quency of failure and the duration of failure.

Hierarchy level III (HLIII) refers to the complete 
power system including the generation system, trans-
mission system and also the distribution system. Due to 
the huge complexity in such systems, evaluation of the 
complete system is not done. The load point indices from 
HLII phase can be used as the input in evaluating the reli-
ability distribution system in HLIII. SAIFI, SAIDI and 
CAIDI are considered as the main indices in evaluating 
the reliability.

2.  Distributed Generation 
Overview

The other names of Distributed Generation (DG) are dis-
persed generation, decentralized generation or embedded 
generation. Distributed generation can be defined in sim-
ple words, as any electrical energy source of limited size 
or capacity connected directly to the distribution system 
of a power system network. Distributed Generation (DG) 
is also referred to as “embedded generation” or “dispersed 
generation”, which relates to small scale power generation 
which is integrated properly within distribution systems. 
Generally DG is installed close to the load point (point of 
use) and it can be powered by number of power sources, 
from both conventional sources and non-conventional 
sources, like solar energy source (photovoltaic cells), 
wind turbine generators, fuel cells, micro turbines, com-
bustion gas turbines, etc3.

In all sectors across the Globe, consumption of 
electricity is increasing rapidly. In this modern era, the 
demand of electrical energy is growing rapidly; the best 
possible way to satisfy the rapid growth in electrical 
energy demand is to promote the numerous deployment 
of Distributed Generation (DG) as it can effectively be 
operated in parallel with the main grid4.

The few important advantages of the installation 
of DG’s near the load points are loss reduction in the 
system energy, voltage profile enhancement and reli-
ability improvement. DG also ensures the reduction in 
operational costs and is quite easy to install in respect of 
investment cost and time of installation5.

Renewable energy based DG’s play a prominent role 
in providing the sustainable, clean energy infrastructure 
without any environmental impacts. The main purpose 
of the Distribution systems is to supply power to con-
sumers; but the introduction of DG in the system will 
change a distribution network’s characteristics due to its 
bidirectional flow of power18. If there is large increase in 
the penetration level, then problem of the rising voltage 
may occur due to reverse flow of power6. Improper sizing 
and not appropriate placing of DG’s may possibly result 
in larger amount of power loss in a system than compare 
to the system without the DG7. Therefore, the integra-
tion of a significantly large amount of Distributed Energy 
Resources (DER) with the distribution network may cause 
operational problems in the power distribution network. 
Thus, to obtain the stable, reliable, and efficient operation 
of a complete power distribution system, proper plan-
ning, sizing and siting of DG is highly important.

3. Impacts of DG on Reliability
Abdulaziz et al., applied a Monte Carlo simulation tech-
nique to obtain the reliability indices of RBTS Bus 2 system 
with inclusion of micro grid and also without micro grids. 
The impact of operation of micro grid in islanded mode 
on the distribution system network reliability is analyzed 
and presented and it is seen from the results that the instal-
lation of DGs in distribution system such as Photovoltaic 
(PV) and Wind Turbine (WT) has improves the reliability 
of the complete system. Component failures, variation in 
Wind Turbine (WT) and Photovoltaic (PV) output power 
and the repair time has been taken into account. The 
implementation of DGs near the consumer load improves 
the reliability of distribution network and it also offers a 
back up source to the load when there is no availability of 
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power from main source to the load. For the micro grids 
the improvement in reliability depends mainly on the 
proper selection of size of the DGs installed, location of 
DG’s placed and also the distribution of DGs8.

Shouxiang et al., after analyzing the various features 
of distributed generation which operates as backup 
energy sources or behaves as the part of a micro grid 
system, evaluated the reliability indices of a RBTS bus-2 
system for the distribution network. Author proposed a 
reliability evaluation technique which is based on tradi-
tional reliability evaluation method. Here the distributed 
generation of the network runs in two different modes 
separately is considered. There are three major operation 
modes of DGs depending on whether DG’s are connected 
to bulk power system (Grid) and the different ways they 
are connected. These operation modes are one is DG used 
as back up source, second DG operating parallel with 
the main grid in order, and third DG installed to form a 
micro grid. From the results obtained it is observed that 
the average interruption time and fault duration time of 
the load points will be reduced when DGs are installed to 
operate as backup source to supply power, but the average 
rate of failure of the loads not altered. When the DGs used 
to run in parallel with the main utility grid, it is observed 
that load points indices and system indices is improved 
intern improving the total reliability of the complete sys-
tem, and it is completely depend on determining the type 
of DG, proper placement, and power capacity of the DGs. 
When several types of DGs are used in forming a micro 
grid, then within the micro grid the average fault rate and 
average failure rate is reduced for the load points of the 
system. The proposed method is applied on RBTS system 
to depict the feasibility and accuracy of the system9.

M. Boonthienthong et al., used Tabu search-based 
method for the optimal siting of distributed generation 
in the distribution systems, the main aim is to increase 
the benefits of the reliability in terms of reducing the cost 
of customer interruption. From a reliability point of view, 
distributed generation is used to serve as a backup gen-
eration for those load points which would otherwise left 
disconnected due to faulty component until the repair of a 
faulted component had been completed and reconnected. 
The effectiveness of the method that is Tabu search is 
applied to evaluate the reliability of a distribution net-
work of RBTS bus-2 system. It can be seen from the case 
study10 that the use of distributed generation improves 
the reliability of the complete system and also reduces the 
customer interruption cost10.

S. Hakimi Gilani et al., determined optimal allocation 
of wind-based DG units by using GA method and also 
considered the uncertainty in the output power of wind 
turbines and load demand. Costs of annual power losses 
and the energy not supplied which is associated with the 
voltage constrain is considered as a multi-objective func-
tion. To exert multi step feature of the power generation 
and load demand, a Fuzzy c-means clustering has been 
used. Results show a significant reduction in energy losses 
as well as a remarkable enhancement in reliability issue 
as terms of energy not supplied; while, as a result of DG 
placement, regarding to the voltage constrain, voltage 
profile of busses has been improved about 3.3% including 
DG compare to without DG. Without DG the losses and 
energy not supplied obtained is 141.12 kw and 5827.6 kwh 
respectively, and it is observed after installing the DG 
losses and energy not supplied reduced to 89.75 kwh and 
4862.5 kwh respectively.  Proposed algorithm is capable 
to model other renewable DG such as Photovoltaic-DG 
units that suffer from uncertainly in their production11.

Mohammad Al-Muhaini and Gerald T. Heydt pro-
posed a Markov model to determine the reliability of a 
future networked power distribution system for both 
conventional DG units and non-conventional DG units, 
during normal operating conditions. In forming the reli-
ability model for DG unit for grid connected distribution 
system, the connection of the load to the utility grid is 
through the components and the feeders in the distribu-
tion network. In case if the power is not supplied to the load 
from the distribution system, the DG serves the purpose 
of supplying the power to the load in islanded operation. 
If the DG installed is a conventional source backup unit, 
then the DG is used to supply the power to the load only 
during emergency conditions. If the renewable source DG 
unit installed near the load then it is a base load unit, this 
DG unit can be used to operate continuously in parallel 
with the utility supply (grid supply), But in this case if any 
interruption takes place then the renewable resource has 
to be disconnected and again reconnect during interrup-
tions. In order to obtain the reliability of the distribution 
system including DG, the Bus 4 of the RBTS is used. The 
failures occurred on the transformers and also the 11 kV 
and 33 kV feeders are considered for evaluating reliability. 
To simplify the simulation of the complexity of the future 
networked distribution system, all the interruption devices 
of the system, normally opened tie switches are taken as 
100% reliable and these operate successfully whenever they 
are in need. From the results obtained it is concluded that 
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•	 The complete load demand cannot be supplied from 
the DG during the period of interruptions and this is 
because of the lower power generation in DG and also 
the power rating of the DG, especially if the DG unit 
is renewable source of energy.

•	 During the outages the DG which is working in an 
islanded mode operation improves the interrup-
tion duration but the frequency of interruption may 
increase in this condition. As the generating capacity 
of many renewable distributed energy sources is lower, 
experiencing inadequate energy generation probabil-
ity increases.

•	 The proposed Encoded Markov Cut Set (EMCS) algo-
rithm approach is used to evaluate the reliability; 
the study shows that the EMCS algorithm is effec-
tively applicable for the reliability analysis of future 
distribution systems including both renewable and 
non-renewable DGs units12.

P. Pavani et al., applied the integer programming tech-
nique for the sizing and placement of DG. A search 
based reconfiguration algorithm is formulated in order 
to obtain the optimal switch configuration for the radial 
distribution network including DG. The methodol-
ogy proposed is applied upon 33-node test distribution 
 system and 69-node test distribution system as shown in 
Figure 2 and Figure 3 respectively. The distribution net-
work is reconfigured with the distributed generation for 
improving the reliability of the system and minimizing 
the real power loss13.

It is observed from the results that after the optimal 
placement of DG, there is a reduction in the total losses by 
76% and by considering the reconfiguration algorithm for 
both DG and tie-switches, 78% of losses got reduced and 
thus improving reliability. The total complex power gen-
eration (real and reactive power generation) is reduced to 
49.7% which is fed from substation after the placement 
of DG and it further got reduced to 59.4% after the net-
work reconfiguration. The system down time from 15.39 
hours/year is decreased to 6.2209 hours/year. Thus it is 

Figure 2. Modified 33-node distribution system13.

Figure 3. Distribution system of 66-node13.

concluded from the results obtained, that the reduction 
in the considerable amount of losses and also reliability 
improvement can be achieved by using the proposed 
method13.

Hong-shan et al., conducted a Case study by using 
time sequential Monte Carlo simulation method in which 
the impact of DGs on the reliability of distribution net-
work of a small reliability test system which is based on 
the IEEE RBTS BUS6 is analyzed, where the test system is 
evaluated for three cases.

Case1: The system without DGs. 
Case2: System with two DG’S those are Wind Turbine 
Generator (WTG) connected to the system at feeder 18 
of the system and a Solar Cell Generator (SCG) to the 
 system at feeder 30 as shown in Figure 4.
Case3: System with two DG’S with unlimited capacity.

From the results it is observed that the connection of DG 
near the load point reduces the failure rate of load point 
in particular location where DG is supplying power is 
accessed; the annual failure rate of load point in any other 
segments if get affected by the DG accessed is not obvi-
ous. The load point indices is then compared considering 
each case, it is shown that the connection of DG reduces 
the annual failure rate (λ), annual unavailability, outage 
time(r) or repair time, and Energy not Supplied (ENS) of 
the load point in the segment where DG is accessed thus 
improving the reliability of the system; for the load point 
in any other segments, the failure rate may not reduce, 
but the annual unavailability, outage time, and energy not 
supplied is obviously reduced. Thus it is said that the con-
nection of DG unit can improves the total reliability index 
of each system, greater the system reliability improvement 
with increase in the DG outputs14.

I. Waseem et al., conducted a case study of a resi-
dential distribution network of Virginia Tech Electric 
Services (VTES) in Blacksburg, reliability indices (SAIDI, 
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CAIDI and ENS) of an unbalanced three-phase radial 
distribution network is evaluated. 69  kV of electricity 
is purchased by VTES, and then 69  kv is converted to 
12.47  kV at two distribution substations of Blacksburg 
and Lane substations. The reliability indices of the distri-
bution system without DG with and without disconnects 
are obtained. Author showed that by adding disconnects 
on the main distribution line improves the reliability 
of the system significantly. SAIDI value increases from 
1.3182 hrs/customer-yr to 0.71344 hrs/customer-yr, 
that is the improvement of 46%. CAIDI value boosts 
from 3.4309 hrs/customer-interruptions to 1.8602 hrs/
customer-interruption, which is also the improvement of 
46%. And ENS raises from 2303 kWh/yr to 1419 kWh/yr, 
which is improvement of 38%15.

P. Chiradeja performed the line loss reduction analy-
sis by considering only single-concentrated load at the 
end of the transmission line. The DG is considered near 
the load which reduces the line losses. This factor is ana-
lyzed, for the different placement of the DG along with 
the feeder and for different capacities of DG. Two simple 
radial systems are assumed, first one is the system with-
out considering the DG and second one is with DG. Both 

the systems with and without DG have a concentrated 
single load at the end of the transmission line. If DG of 
the second radial system is used to supply the energy to 
the nearby load, then the line losses are reduced and it 
is because of the significant decrease in the current flow 
in some part of the network. This reduction in current 
flow happens due to the fact that DG installed is used to 
supply only some part of real and reactive power to the 
load. Thus, the total current flowing in the feeder from 
the source to DG location reduces, resulting in minimum 
electrical line loss. However, the higher rating DG’s can-
not always guarantee the lower line loss16.

S. Pahwa et al., has proposed an analytical method 
using Electrical Centrality which is obtained by form-
ing the Bus Impedance Matrix in order to determine the 
size and location of DG. The method proposed has been 
tested on 12-bus, 33-bus, and 69-bus distribution systems. 
The results obtained for 12-bus distribution system shows 
the significant reduction in real and reactive power losses 
that 80% and 55.37% respectively and thus improves the 
Voltage profile. This method is tested for time-invariant 
load and this method has to be tested for time-varying 
renewable generation data and time-varying17.

4. Conclusion
This paper presents the concept of reliability and the 
impact of Distributed generation on the reliability of 
the distributed system. From the above study it is clearly 
observed that the inclusion of DG in the distributed 
system improves the reliability index of the complete 
system, it also reduces the transmission losses, improves 
the voltage, reduces the customer interruption cost, and 
improves power quality and overall energy efficiency of 
the system. There are several benefits of the DG in dis-
tribution network, in order to obtain stable, reliable and 
efficient power system the modeling of DG’s, sitting and 
sizing of the DG is very critical aspect.
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