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ABSTRACT

Deciding the optimal operation mode for Distributed Generation (DG) is of a crucial importance in
increasing the efficiency of these resources. This paper presents a method to determine optimal operating
strategy for distributed generation (DG) according to the improvement of SAIDI reliability index. The
considered operation modes of this paper includes, peak shaving and standby. The use of DG for peak
shaving could reduce the overall system operating cost and its use as standby power could reduce the
customer interruption cost. The SAIDI index is used in the strategy proposed in this paper to determine the
optimal operating decision for the DG. In addition, Monte Carlo method is incorporated, in order to
determine the occurrence and duration of the failure of each distribution network elements. Using the
approach proposed in this paper, the distribution companies could determine the optimal operating strategy
for their DG. To validate the proposed strategy, bus 2 of the standard distribution network of RTBS is
simulated in DIgSILENT software and the simulation results are presented and discussed.

KEY WORDS: Distributed Generation (DG), Distribution System, Monte Carlo method, SAIDI Index,

Reliability Indices.

INTRODUCTION

DG is usually defined as electrical power resources, which are directly connected to the system [1]. Nowadays, DG
plays an increasingly significant role in the electrical power systems due to the developments in DG technologies, the
increase in the electricity demand, the importance of reliability of the system, and the increasing attention to the
environmental issues [2].

The applications of DG include combined heat and power, standby power, islanding mode, peak shaving, and grid
support. Nowadays, customers are interested in having electricity with a reduced cost and increased reliability. Power
system reliability, is defined as ability of a system to provide electrical energy for costumers. In addition, the issue of
reliability of distribution networks is becoming one of the most important problems in electrical industry due to its
impacts on electricity price and the satisfaction of the costumers [3]. In the other hand, on the most important benefits
of having a high reliability is the reduction of interruptions. Since the electrical companies have to pay dues for
interruptions, reduce in interruption amount is desired for both customers and utilities [4].

Many studies have been carried out regarding the impacts of DG on reliability of system. Authors in [5] discussed the
negative impacts of DG on distribution system reliability. Dynamic behavior and transient states associated with DG are
considered in this paper. The work of [4] has considered the hourly reliability worth to determine the optimal operation
strategy of DG. This study considered peak shaving and standby modes. Authors in [6] presented an analytical method
to evaluate the reliability of the power system having DG resources considering the peak shaving and backup modes.
This study proposes connectivity matrixes to state the condition of connectivity of resources and costumers. Ref. [7] has
discussed the impacts of DG on distribution networks reliability. In addition, the impact of the location of DG on the
reliability of distribution system is analyzed in this paper. Ref. [8] and [9] proposed a reliability model to identify DG
equivalent to use DG instead of adding a new feeder in peak load. In these studies, reductive transformers and fuses are
assumed to have the reliability of 100%. In the other hand, the interruptions due to simultancous failures and the
impacts of DG modes on reliability of system are not considered. The applications of DG with old technologies such as
diesel are discussed in [10] and the benefits of islanding mode of operation are presented. Authors in [11] expressed
intentional islanding mode as an option to improve the reliability of power system. In this study, the other operational
modes of the DG are not considered. Studies [12] and [13] proposed a method to identify the optimal location and
capacity of DG in order to improve reliability, voltage profile and reduce the power losses.

Analyzing the reliability indexes is carried out in these studies based on the modified analytical methods in order to
manage number of generators. DG unit is considered in backup unit and the peak shaving and islanding modes are
ignored. The problem of reducing the loading of the distribution feeders due to installing DG units in distribution
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networks and its impact on system reliability is analyzed in [14]. The reliability index of SAIDI is used to evaluate the
reliability of system.

In this paper, a technique is proposed to identify the optimal operational mode of DG, according to the reliability
index of SAIDI of the distribution system including DG. The SAIDI index is calculated hourly for every load point of
the distribution network for different considered operational modes and the optimal operational mode is decided
according to the improvement of this index in each mode. The considered operation modes are peak shaving mode and
backup mode.

Namely, the optimal operational mode is the mode in which the SAIDI index is improved more. In addition, Monte
Carlo method in incorporated in order to determine the time of the failure of each of the distribution network elements.
To carry out the simulation, bus 2 of the standard distribution network of RTBS is selected and simulated, using
DIgSILENT software and the simulation results are presented and discussed.

The structure of the paper is the following. In the second section, the model of the DG and distribution network are
presented and considered DG modes and transitions between them are explicated. The reliability index of SAIDI which
is applied in this paper is presented in the third section. The fourth section presents the proposed method, and the Sth
section presents the case study. Simulation results are presented and discussed in section 6.

THE MODEL OF THE DGANDDISTRIBUTION NETWORK

To simulate the arbitrarily nature of the faults, outages and failures of distribution network, Monte Carlo method is
incorporated. Using the Monte Carlo results, the chronological waveform of each element is obtained according to the
reliability information of [15].

In this paper, to determine the interference of the failure of different modes of DG and the distribution network, six-
state model of DG operated in peak shaving and standby is proposed [4]. Different parameters of Fig. 1 are explained in
the Table I.
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Fig. 1. Six-state model of DG operated in peak shaving and standby

Arrows in Fig. 1 show the possible transitions between states. In state 1 DG is in peak mode. When a failure occurs in
transmission system, the system goes to state 2 and if a failure occurs in DG it would go to state 3. When the peak
period is finished the system goes to state 5. If the failure resolves in state 2, the system returns to state 1. When the
failure of DG resolves in state 3 the system goes to state 5. In state 4, both the DG and the network have problems. If
the problem of distribution system resolves the system goes to state 3 and if the problem of DG resolves it goes to state
6. The state 5 is a condition when the DG is ready to operate but out of service. In the state 6, DG is in back up mode
and supplies all or part of the interrupted load [4].
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TABLE I : Explanation of the parameters, used in Fig. 1

Parameter Definition Parameter Definition
DGpeak DG is employed in peak shaving T" Scheduled time of transition between standby to peak-shaving
mode
Ps The probability of the start of failure As Rate of the occurrence of system outage
in DG
DGstandny DG is employed in standby mode, but Ts Scheduled time of transition between peak-shaving to standby
it does not inject any power to the
network
DGstandby Supplying DG is in the standby mode and after the system outage, it starts to inject power to the network
DGou DG is unavailable due to failure AbG Rate of occurrence of DG failure
Systemyormal No outage has occurred in distribution Us Repair rate of distribution system
system
Systemgaiwre Outages has occurred in some parts of UpG Repair rate of DG

distribution system

SAIDI RELIABILITY INDEX

The purpose of this paper is to identify the optimal operation mode of DG with respect to the improvement of SAIDI
index. SAIDI stands for system average interruption duration index. This index shows the summation of customer
interruption time, divided into the total number of customers and is calculated by the Eq. 1.

LP
>.U,.N, . O
i ours
SAIDI ==\
ZN< COsS tumer.year
i=l

Where LP is number of load points, U; is the annual average of interruption time, N; is the number of customers
which are located at i. The less the value of this index is, the duration of interruption during a year is less.

The Hourly System Average Interruption Duration Index is also defined as follow. Since U; is the average
interruption duration, hSAIDI(t) can be calculated as Eq. 2 and the annual value of SAIDI is calculated by adding up the
hSAIDI for a year.

CLP
hSAIDI(t) =Y _hSAIDI, (t) )
i=1

In this equation, hSAIDI(t) is the average hourly interruption duration of load i for all the incidents of j at t time and
is calculated by Eq. 3. CLP is the total number of interruptions at customers load points. Nj;(t) stands for all
disconnected customers of i load point for j incident and at t time. r;j(t) is the duration of the interruption of i load point
for j incident and at t time and Ny is the total number of customers of k point.

DN, ()7, (t) 3)
hSAIDI (t) =~
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2 Nk
K=1

According to these equations, if the number of interrupted customers be minimized by operating in optimal operation
mode, the hSAIDI(t) index minimizes at each hour which results in reduction of SAIDI index for a year. Hence, the

objective function can be defined as Eq. 4.
8760

Min()_hSAIDI(t)) “4)
t=1

PROPOSED METHOD

DG unit can be employed in different operation modes. The considered operation modes of this paper are peak
shaving and islanding. The use of DG for peak shaving could reduce the overall system operating cost and its use as
standby power could reduce the customer interruption cost.

To obtain the optimal operation strategy, as the DG unit is employed at each mode, the value of SAIDI index is
calculated. Namely, three different scenarios are considered. In the first scenario, the DG unit is considered to be
employed as a peak shaving unit and SAIDI" is calculated for this scenario. In the second scenario, the DG unit is
considered to be employed as a standby unit and SAIDI® is calculated for this scenario. In the last scenario, which is the
proposed method of this paper, the SAIDI values of each operation mode are calculated and the operation mode, in
which the SAIDI index is minimized, is selected as the employed mode. Accordingly, the last scenario can be written as
the Eq. 5.

U ., (t) = hSAIDI * (t) - hRSAIDI ® (1) 5)
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There are two possibilities in Eq. 5, if Upg(t) was positive, DG should operate in backup mode and if it was negative,
DG should operate in peak shaving mode.
Comparing the SAIDI index for these different scenarios can clarify whether the proposed method can result in the
reduction of SAIDI index or not.
CASE STUDY

To test the proposed strategy, bus 2 of the standard distribution network of RTBS is simulated in DIgSILENT
software, presented in Fig. 2 and the simulation results are presented and discussed. Further information of this network
is available in [15].
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Fig. 2. Bus 2 of the standard dlstrlbutlon network of RTBS

SIMULATION RESULTS

Discussed scenarios are simulated and applied in this part and the results are presented and discussed. The Fig. 3
shows the obtained values of the SAIDI index for different operation modes of DG.

As Fig. 3 shows the value of SAIDI index for the 3th scenario, which is the optimal state, is so close to the 2nd
scenario, which is the state that DG is employed in standby mode. The reason is that when the DG is employed in
standby mode, it is ready to operate in system failures. So the interruption time diminishes to the time of connecting the
DG to distribution system.

As it is clear, the SAIDI index of the proposed method is the least value among different states. Therefore, it can be
concluded that applying the proposed method will result in the most possible reduction of SAIDI index. Hence,

operation in the proposed method is suggested when the aim of the electrical companies is to reduce SAIDI index.
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Fig. 3. The values of the SAIDI index for different scenarios
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CONCLUSION

In this paper a new method for determining the optimal operating strategy for the DG has been presented. This
approach takes into consideration the improvement of the SAIDI index in the distribution system. A six-state DG model
including the DG operating strategy, the distribution system state, and the transition relationship between each state, has
been used and described. Three different scenarios are presented to compare the efficiency of the proposed method. In
the first scenario, the DG unit is considered to be employed as a peak shaving unit and SAIDI" is calculated for this
scenario. In the second scenario, the DG unit is considered to be employed as a standby unit and SAIDI® is calculated
for this scenario. In the last scenario, which is the proposed method of this paper, the SAIDI values of each operation
mode are calculated mode and the operation mode, which the SAIDI index is minimized, is selected as the employed
mode. Simulation results and the different values of SAIDI index shows that employing the DG in the proposed method
will decrease the SAIDI index the most.
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