VOLUME 2 ISSUE 2 MAY 2013
Manuscript ID : ISSN23197501-V2I2M1-0502013

SMART DISTRIBUTION GRID GENERATION DEVELOPMENT
Amit Sachan
Department of Electrical Engineering
Regional College for Education Research & Technology,Jaipur

Abstract -- The smart grid investments targeted for reliability improvement can be directed toward the
generation, transmission or distribution system level. However, radial operating status, infrastructures, poor
design and operation practices and high exposure to environmental conditions have caused the electric
power distribution systems to be addressed as the main contributor to the customer reliability problems.
Whenever the targeted reliability enhancement solutions are limited to the simple conventional solutions,
the available reliability assessment techniques can be easily used for purposes of the value-based
reliability planning. However, the electric utilities face a challenge when the reliability enhancement
solutions include sophisticated measures such as those of the smart grid technologies. In the proposed
reliability evaluation approach, the overall impacts of the targeted reliability enhancement solutions on the
sustained interruptions. The results of various reliability case studies directed in this paper show that
employing a suitable set of the smart grid technologies in the functional zone of an electric power
distribution system can virtually mitigate all the reliability indices. It is also possible to reduce the range of
variation of the reliability indices among different customers.
Index Terms -- Distribution Substation Automation, Dynamic Voltage Restorer, Feeder Automation, Fault
Current Limiter, Fault Locator, Fault Passage Indicator, Reliability Evaluation

I. INTRODUCTION
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Electric power distribution systems are responsible for delivering the electrical energy from the bulk power
systems to the end users. Issues such as radial operating status, aging infrastructures, poor design and
operation practices and high exposure to environmental conditions have caused the electric power
distribution systems to be addressed as the main contributor to the customer reliability problems.
Generally, about 80 to 90 percent of the customer reliability problems are originated from the electric power
distribution systems [1, 2]. Such statistics always reinforce the electric utilities to look after solutions that
can be used for reliability enhancement of the electric power distribution systems. There are a large
numbers of solutions available to electric utilities for distribution system reliability improvements. Electric
utilities have traditionally improved the distribution system reliability through simple measures such as tree
trimming on a regular basis, construction design modification, installation of lightning arresters, use of
animal guards, replacing overhead are conductors by covered conductors or underground cables,
protection scheme modification[3,4], and so on. In addition to these conventional solutions, there are some
other advanced reliability improvement measures that nowadays are categorized as smart grid
technologies. Major smart grid technologies applicable for distribution system reliability improvements are
fault passage indicators, fault locator schemes, substation automation, feeder automation, distribution
automation, fault current limiters and dynamic voltage restorers.

II.

PROPOSED WORK

The impacts of reliability enhancement solutions are revealed through various processes involved in the
fault management activities. When the fault effects are appeared in an electric power distribution system,
specific processes designated as fault management activities are required to be carried out. The fault
effects are normally appeared in the form of abnormal voltages and currents [1-6].
Typical fault management activities involve the following processes:
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2.1. Autonomous System Reaction Process: The autonomous system designated for protection, control
and monitoring purposes reacts against the fault effects and operates according to its operational logics.
The control center operators have no involvement in this process. In what manner this process is carried
out depends on the several factors such as the fault effects, settings and operational logics of associated
devices, and operational policies of the electric utility. The time required to accomplish this process is
almost very short; however, the outcome of this process has vital impacts on the extent of the affected
customers and the type of voltage variation events that they may be encountered. The voltage variation
events may range from a slight change in the RMS voltage for a few cycles to more severe situations such
as complete disappearing of the supply voltage for a long period of time.

2.2. Fault Notification Process: The control center operators should be notified about a forced outage in
order to initiate the necessary remedial actions. The time required for the control center operators to be
notified about a forced outage is a function of various parameters. Among the rest, the available facilities to
the operators for detecting and notifying the abnormal conditions are crucial.
2.3. Approximate Fault Location Process: When the control center operators are notified about an
abnormal condition, the necessary data are collected and analyzed in order to find the approximate fault
location. The time required for accomplishing this task depends on the parameters such as the fault effects
and the available facilities for recording, retrieving and analyzing the related data.

2.4. Decision Making Process: After the approximate fault location activity, the control center operators
should make a decision about the overall procedure for mitigating the reliability impacts of the fault. This
procedure is determined based on the factors such as the approximate fault location, type of affected
customers, number, location and type of switching devices involved and also available repair crews. The
time required for accomplishing this task mainly depends on the decision making facilities available to the
control center operators.
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2.5. Remote Fault Isolation and Service Restoration Process: The reliability impacts of a permanent fault
on the customers, the electricity network should be properly reconfigured to isolate the fault and restore the
power to as many as possible of the affected customers. In a situation where the electricity network is
equipped with suitable remote controlled switching devices, the network reconfiguration can be initiated
from the control center. The applicability and effectiveness of the remote network reconfiguration process
depend on the number, type and location of the available remote controlled switching devices, the outcome
of the approximate fault location process and also the operational policies of the electric utility.
2.6. Repair Crew dispatching and Traveling Process: Once the approximate fault location and the overall
procedure for fault isolation and service restoration activities are known, the control center operators
dispatch the repair crews around the damaged area. The location, date and time of fault occurrence and
also availability of the facilities designated for notifying and navigation of the repair crews affects the time
required to get around the damaged area.
2.7. Faulted Zone Location Process: The fault location process may just identify the faulted feeder or
several zones as the probable locations of the damaged component. A zone is referred to a set of the
electricity network components rather than switching devices that are permanently inter connected to each
other and surrounded by switching devices. In a situation where the faulted zone is unknown, the repair
crews look for a zone that contains the damaged component. The time required to accomplish this process
depends on the factors such as daylight, accessibility to the suspected feeder and its components,
available resources and facilities to the repair crews and also the operational policies of the electric utility.
2.8. Local Fault Isolation and Service Restoration Process: After repair crews reached the damaged area
and found the faulted zone, there might be possible to reconfigure the electricity network in order to further
mitigate the reliability impacts of a permanent fault on the customers. This is usually done by manually
and/or remotely operating the available switching devices. This process is normally coordinated between
the repair crews and the control center operators in order to perform this task properly. The local network
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reconfiguration process may involve several switching actions. The time required to accomplish this
process depends on the number, type and location of the switching devices involved, the operational
policies of the electric utility, the available repair crew sand their facilities and resources to access these
switching devices.
2.9. Precise Fault Location Process: The damaged component should be identified for possible repair or
replacement activities. The damaged component is located in the faulted zone. As normally the faulted
zone contains several components, the repair crews may need further investigation to find the failed
component. Additional efforts are also required to find the damaged part of the failed component. The time
required to accomplish this process depends on the factors such as the type of components involved in the
faulted zone, the outcome of the approximate fault location process and also facilities and resources
available to the repair crews.
2.10. Repair or Replacement Process: The damaged component should be repaired or replaced in order to
return the network configuration to the normal operating condition and to restore power to the customers
that can only be restored after repair or replacement of the damaged component. The time required to
accomplish this process depends on factors such as the resources available to the electric utility,
operational policies of the electric utility and the damage severity.

2.11. Return to Normal Operation Process: Usually fault isolation and service restoration activities
necessitate changing the normal configuration of a faulted electricity network. As the normal configuration
of an electricity network is the basis for day-to-day operating and also setting of the devices involved in the
autonomous system, it is necessary to return the electricity network to its normal operating configuration.
This process is initiated after completing the repair or replacement of the damaged component. It usually
needs special switching sequences which may cause other interruptions for some group of the customers.
The duration of this process and its effects on the customers depend on the factors such as the type,
location and number of available switching devices, type and location of the customers that may be
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affected, operating policies of the electric utility, the available repair crews and their facilities and resources
to access these switching devices.

III. PROPOSED EVALUATION PROCEDURE
Each module has its own functions for performing the targeted tasks assigned to it. Following are overall
explanations of each module involved in the proposed evaluation procedure:
Module 3.1: This module is responsible for gathering the data related to the electric power distribution
system under study. The details of data required are depending on the study purposes and characteristics.
The input data include the following information:
Type of components (e.g. overhead line, transformer and switching device), Actual repair or
replacement times for permanent faults, Load points data, Fault rate of component
Module 3.2: This module is responsible for clarifying the details that should be considered when analyzing
the reliability performance of the distribution system under study. In addition, the data related to various
fault management activities are also collected in this stage. The input data may include the following
information:
Power flow operation data, Short circuit operation data, Average time required for the manual
operation of the switching devices, Average time required for reading a set of indicators with a local
indication
Module 3.3: When requested by the analysis assumption, this module provides data related to voltage sags
arising from the faults outside of the functional zone of the electricity distribution system under study. The
voltage sags are assigned to specific supplying points (propagation points) of the targeted distribution
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network. In the case of sustained and momentary interruptions, the frequency and duration of interruptions
are properly assigned to the power supplying components.
Module 3.4: This module is responsible for generating a primary contingency to be analyzed in the next
modules. The generated contingency can be voltage sag arising from an external fault or a short circuit
fault on a component within the functional zone of the distribution network understudy. For an external
fault, the generated contingency contains the necessary information related to the voltage sags such as the
voltage magnitudes and phase angles of all three phases, propagation points, occurrence rates and
durations of the events.

Module 3.5: When requested by the analysis assumption, the attributes of the primary contingency is
further modified in this module for the situation where devices involve in the fault management activities
encounter with the operational failure conditions. Possible combinations of the operational failures of these
devices are considered as subsets of the primary contingency and various operating states are generated
for evaluating the primary contingency. The state corresponding to no operational failure always exists in
the generated operating states.
Module 3.6: This module is responsible for evaluating the reaction of the autonomous system against the
contingency under study. In this module, depending on the analysis assumption, the initial effects of the
fault involved in the contingency under study are simulated based on the power flow study, short circuit
study or simple energy flow check. Then, the detailed reactions of various devices designated for the
protection, control and monitoring purpose are evaluated against the initial fault effects. The events
identified in this process are used in the next modules.
Module 3.7: The average time required for the control center operators to be notified about a forced outage
arising from the contingency under study is estimated in this module. The effects of the employed smart

VOLUME 2 ISSUE 2 MAY 2013
Manuscript ID : ISSN23197501-V2I2M1-0502013

grid technologies and their possible operational failures are taken into account when estimating this time
period.
Module 3.8: The average time required for the control center operators to find the approximate location of
the fault involved in the contingency under study is estimated in this module.
Module 3.9: The average time required for the control center operators to make decision about the
activities required for managing the fault involved in the contingency under study is estimated in this
module. The effects of the employed smart grid technologies and their possible operational failures are
also taken into account when estimating this time period.

Module 3.10: Depending on the analysis assumptions, the ratings of the available switching devices and
also the fault involved in the contingency under study, a suitable set of the remote controlled switching
devices are identified in this module for remote fault isolation and service restoration activities.
Module 3.11: Based on the identified maneuvering switching devices, all the possible network
configurations are generated in this module. Then, each configuration is further investigated against
criterion such as fault isolation condition, radial operating status, voltage and over load constraints and also
number of customers that are restored before and after the network reconfiguration.
Finally, a set of the network configurations that can meet the criterion are selected as the feasible network
configurations for fault isolation and service restoration purposes.
Module 3.12: In this module, a feasible network configuration with the maximum fault mitigation impacts is
selected as the final network configuration when the fault isolation and service restoration activities are
accomplished. Then, the optimal switching sequences for transferring the present configuration to the final
configuration are identified. The switching sequences are organized in a way that all the configurations in
this process just involve the identified feasible network configurations.
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Module 3.13: In this module, the status of the electricity distribution network under study is reconfigured
when the targeted switching device is operated. The switching device is either operated from the control
center or by repair crews engaged in the field. The time of switching is also estimated in this module. After
operating the targeted switching device, there might be some reactions from the autonomous system.
Therefore, the possible reaction of autonomous system after operating the targeted switching device
should be evaluated in this module as well.
Module 3.14: In this module, the process involved with the notification of repair crews and their dispatching
is evaluated. The outcomes of this module are the number, location, travelling speed and dispatching time
of repair crews that participate in the field activities for the contingency under study.
Module 3.15: In some situations, the outcome of the approximate fault location process may not be able to
identify the faulted zone. In this situation, the control center operators aid the repair crews to identify the
faulted zone. This module is responsible for evaluating the activities involved with the faulted zone location
process. Based on the analysis assumptions, the fault involved in the contingency under study, the reaction
of autonomous system, and the available facilities to the repair crews for fault location purposes and also
the number, location and ratings of the available switching devices, the faulted zone is identified. When the
process involves any switching operation, there might be some reactions from the autonomous system.
Therefore, the possible reaction of autonomous system after operating the targeted switching devices
should be evaluated in this module as well.
Module 3.16: Depending on the analysis assumptions, the ratings of the available switching devices and
also the fault involved in the contingency under study, a suitable set of the switching devices are identified
in this module for local fault isolation and service restoration activities.
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Module 3.17: In this module the activities involved with the precise fault location process are evaluated.
This module estimates the time at which the damaged part of the failed component is identified. The
activities involved in the precise fault location process depend on the analysis assumptions, type of the
fault involved in the contingency under study, type of the components involved in the faulted zone, the
reaction of autonomous system, the available facilities to the repair crews for fault location purposes and
also the outcome of approximate fault location process.
Module 3.18: In this module the activities involved with the repair or replacement process are evaluated.
This module estimates the time at which the repair or replacement activities of the damaged component
are accomplished and it gets ready to return to its normal operating status.

Module 3.19: Depending on the analysis assumptions and also the type, number and location of switching
devices whose normal operating statues have been changed due to the fault isolation and service
restoration activities, a suitable set of the switching devices are identified in this module for returning the
status of the electricity distribution network to its normal operating configuration.
Module 3.20: Based on the identified maneuvering switching devices, all the possible network
configurations are generated in this module. Then, each configuration is further investigated against
criterion such as radial operating status, voltage and over load constraints and also number of customers
that are affected before and after the network reconfiguration. Finally, a set of the network configurations
that can meet the criterion are selected as the feasible network configurations for return to normal
operating status.
Module 3.21: In this module, the normal operating status of the electricity distribution network is selected as
the final network configuration. Then, the optimal switching sequences for transferring the present
configuration to the final configuration are identified. The switching sequences are such organized that all
the configurations in this process just involve the identified feasible network configurations.
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Module 3.22: In this module, all the voltage variation events observed from the initiation of the contingency
under study till accomplishing the targeted fault management activities are evaluated and compared
against the thresholds defined for sustained interruptions, momentary interruptions and voltage sags.
Finally, by applying the aggregation methods, the equivalent voltage variation events imposed on the
customers are estimated for the contingency under study.
Flowchart of the procedure proposed for reliability evaluation of smart distribution grids
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Figure1.1 Part 1 of 4

Figure1.2 Part 2 of 4

VOLUME 2 ISSUE 2 MAY 2013
Manuscript ID : ISSN23197501-V2I2M1-0502013

Figure1.3 Part 3 of 4

Figure1.4 Part 4 of 4
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Figure2. Single-line diagram of a typical Finnish 20 kV urban distribution network, which is used as a
distribution test Network
Figure3. Single-line diagram of a typical Finnish 110 kV sub-transmission network that is used as a subtransmission test network

A. Data for the Distribution Test Network
B. Component Reliability Data for the Distribution Test Network and the Sub-Transmission Test Network
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IV. RESULT
This research paper is aimed at developing an approach for predicting the reliability impacts of advanced
reliability enhancement solutions within the functional zone of an electric power distribution system. The
results indicate that the impacts of the reliability enhancement solutions are revealed through the various
processes involved in the fault management activities. When employing a given set of the smart grid
technologies, some of the fault management activities are affected which finally alter the reliability of
electric power delivered to the customers. Thereby, the proposed reliability evaluation approach was such
designed that the impacts of the targeted smart grid technologies can be evaluated from their effects on the
fault management activities. This reliability assessment technique is capable of predicting the impacts of
targeted reliability enhancement solutions on the sustained interruptions, momentary interruptions and
voltage sags experienced by the end-users. The fault passage indicators, fault locator schemes, substation
automation, feeder automation, distribution automation, fault current limiters and dynamic voltage restorers
were recognized as the major smart grid technologies applicable for distribution system reliability
improvements. Therefore, in order to demonstrate the capabilities of the proposed reliability evaluation
approach and also to have some ideas about the possible effects of the identified smart grid technologies.
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