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There is a number of Advanced Distribution AutormatApplications that are well
specified, tested and implemented in power utditiEhese applications are “shovel-
ready” for the starting stages of the Smart Gridistribution. With the growing
penetration of new technologies, such as AMI, DairRasponse, Electric storage,
Electric Transportation, etc., the existing DA apgiions should be updated to benefits
from the new technologies and at the same timedease the efficient use of these
technologies. In addition to the existing appliocat, a number of new applications can
be introduced for planning and operations in tha®@rid.

In the sub-sections below, a non-exhaustive li®2Afapplications that can be
implemented in the first stage of Smart Grid impéertation is presented. The list
includes the real-time applications and some opthaning applications needed to
support the most efficient performance of the teak applications in the Smart Grid.
The list also presents references to the publidloedments that can be used for
development of Use Cases and requirements forpgtiates of the applications to
incorporate the impacts of the new Smart Grid Tetdgies. The narratives describing
the existing portions of the applications or thelaations, for which the use cases exist,
is mostly taken from reference [3]. The suggesia functional requirements are
presented in bold font.

D1. Distribution Operation Modeling and Analysis (D OMA)

This application is based on a real-time unbalamtstibution power flow for
dynamically changing distribution operating corwlis. It analyzes the results of the
power flow simulations and provides the operatdhwhe summary of this analysis. It
further provides other applications with pseudo-sueaments for each distribution
system element from within substations down to loaaters in the secondaries. The
model is kept up-to-date by real-time updates pblogy, facilities parameters, load, and
relevant components of the transmission syster8-[2,, 24, 25 - 27].

The Distribution Operation Modeling and Analysisallsupport three modes of

operation:

1. Real-time mode, which reflects present conddimnthe power system.

2. Look-ahead mode, which reflects conditions etg@t the near future (from one

hour to one week ahead)

3. Study mode, which provides the capability offpening the “what if” studies.

The key sub-functions performed by the applicatiomas follows:

1. Modeling Transmission/Sub-Transmission System Imately Adjacent to
Distribution Circuits
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Modeling Distribution Circuit Connectivity

* Data Management Issues between AM/FM/GIS and DAriDigion

Connectivity Database
» Data Management Issues between Customer Inform&iistem and
AM/FM/GIS and DA Distribution Connectivity Database

Modeling Distribution Nodal Loads.
The update of application to meet the Smart Grid rguirements shall include the
model of the Demand Response means, Electric Stomd=lectric
Transportation, and Renewable Generation.
Modeling Distribution Circuit Facilities
The update of application to meet the Smart Grid rgquirements shall include
modeling of power electronics devices, Distribute@nergy Resources,
controllers, Customer EMS master controllers, renewable generation
controllers, etc.
Distribution Power Flow, including the updated loaddels
Evaluation of Transfer Capacity
Power Quality Analysis
Loss Analysis
Fault Analysisjncluding Distributed Energy Resources, Electric Strage, and
Electric Transportation contribution

10. Evaluation of Operating Conditions, including:

» Determination of dynamic substation bus voltagests

» Estimation of the available dispatchable real arattive load obtainable via
volt/var control,including the capabilities of Distributed Energy
Resources, Demand Response, Electric Storage, ankedric
Transportation.

* Provision of aggregated operational parameterthiotransmission buses to
be used in transmission operation models.

D2. Contingency Analysis (CA)
This application performs an N-m contingency analysthe relevant portion of
distribution. The function shall run in the follavg modes:

1.
2.
3.

4.

Periodically

By event (topology change, load change, availgtalitcontrol change)

Study mode, in which the conditions are defined tlwedapplication is started by the
user.

The application informs the operator on the stafugal-time distribution system
reliability and shall be used for operation plamnjg, 3, 9, 11, 12, 14].

The updates needed to meet the Smart Grid requirenmés include the following:

a. Using the AMI outage detection capabilities for fait location

b. Handling of the Distributed Energy Resources, DemahResponse,
Electric Storage, and Electric Transportation as geeration resources
available for backup of the load, when needed

c. Using the capability for intentionally creating micro-grids to maximize
the amount of energized loads
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D3. Fault Isolation and Service Restoration
This application shall support three modes of oj@na
1. Closed-loop mode, in which the sub-functiomiiated by the Fault location sub-
function. It generates a switching order (i.e.,usagge) for the remotely controlled
switching devices to isolate the faulted sectiomd gestore service to the non-faulted
sections. The switching order is automatically exed via SCADA.
2. Advisory mode, in which the sub-function isiatéd by the Fault location sub-
function. It generates a switching order for rerhetand manually-controlled switching
devices to isolate the faulted section, and restereice to the non-faulted sections. The
switching order is presented to operator for apgrand execution.
3. Study mode, in which the sub-function is ingiby the user. It analyzes a saved case
modified by the user, and generates a switchingrardder the operating conditions
specified by the user.
The generated switching orders are based on comgjdbée availability of remotely
controlled switching devices, feeder parallelingation of islands supported by
distributed energy resources, and on cold-loadypaurrents [1, 2, 3, 9, 11, 12, 14, 15,
18, 20, 26, 27].
The updates needed to meet the Smart Grid requirenmés include the following:
a. Using the AMI outage detection capabilities for fait location
b. Handling of the Distributed Energy Resources, DemahResponse,
Electric Storage, and Electric Transportation as geeration resources
available for backup of the load, when needed
c. Using the capability for intentionally creating micro-grids to maximize
the amount of energized loads

D4. Voltage and Var Control (VVC)
This application calculates the optimal settingsatage controller of LTCs, voltage
regulators, Distributed Energy Resources, powertmeric devices, capacitor statuses,
and demand response means optimizing the operdtjoesher following different
objectives at different times, or considering cmtifig objectives together in a weighted
manner.
It shall support three modes of operation:
1. Closed-loop mode, in which the application raiteer periodically (e.g., every 15
min) or is triggered by an event (i.e., topologybyective change), based on real-time
information. The application’s recommendationsexecuted automatically via SCADA
control commands.
2. Study mode, in which the application perform$atvif” studies, and provides
recommended actions to the operator.
3. Look-ahead mode, in which conditions expectetthénnear future can be studied
(from 1 hour through 1 week) by the operator.
The following objectives, which could be presetddferent times of the day and
overwritten by operator if need to, are supportedhie application:

* Minimize KWh consumption at voltages beyond giveitage quality

limits (i.e., ensure standard voltages at custdereninals)
* Minimize feeder segment(s) overload
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* Reduce load while respecting given voltage tolezgnormal and
emergency)

» Conserve energy via voltage reduction

* Reduce or eliminate overload in transmission lines

* Reduce or eliminate voltage violations on transioistnes

* Provide reactive power support for transmissionvidhistion bus

* Provide spinning reserve support

e Minimize cost of energy

* Provide compatible combinations of above objectives
If, during optimization or execution of the solutighe circuit status changes, the
application is interrupted and solution is re-optied. If, during execution, some
operations are unsuccessful, solution is re-op&ohizithout involving the
malfunctioning devices. If some of the controllabvices are unavailable for remote
control, solution does not involve these devicestakes into account their reaction to
changes in operating conditions [1, 2, 3-5, 8-B31& , 20-21, 24, 25].
The application, if so opted, shall also issue opational requirements to Demand
Response means, to Electric Storage devices, ashaslto Electric Transportation
installations in order to optimally achieve its obgctive. The application shall be able
to utilize selected AMI data directly from the Smat Meters, as well as from the
typified object models updated by AMI information.

D5. Multi-level Feeder Reconfiguration (MFR)

This application recommends an optimal selectiofeedler(s) connectivity for different
objectives. It supports three modes of operation:

1. Closed-loop mode, in which the application ifated by the Fault Location, Isolation
and Service Restoration application, unable tmrestervice by simple (one-level) load
transfer, to determine a switching order for theately controlled switching devices to
restore service to the non-faulted sections bygusialti-level load transfers.

2. Advisory mode, in which the application is iated by SCADA alarms triggered by
overloads of substation transformer, segmentsstfildution circuits, or by DOMA
detecting an overload, or by operator who wouldcate the objective and the
reconfiguration area. In this mode, the applicatertommends a switching order to the
operator.

3. Study mode, in which the application is initchnd the conditions are defined by the
user.

The application performs a multi-level feeder rdapration to meet one of the
following objectives:

a. Optimally restore service to customers utilizingltiple alternative sources.
The application meets this objective by operatiagart of Fault Location,
Isolation and Service Restoration.

b. Optimally unload an overloaded segment. This obhjeds pursued if the
application is triggered by the overload alarm ffS@ADA, or from the
Distribution Operation Modeling and Analysis, oot Contingency analysis.
These alarms are generated by overloads of sudstasinsformer or
segments of distribution circuits, or by operatemand.

c. Minimize losses
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d. Minimize exposure to faults

e. Equalize voltages [1, 2, 3, 11,14, 22].

Additional objective may include:

f. Minimize energy cost by swapping loads

g. Unload transmission facilities by swapping loads

The updates needed to meet the Smart Grid requirenms include the following:

a. Using MFR for swapping loads to reduce energy cosind assist in
congestion management

b. Taking into account the Distributed Energy Resource, Demand
Response, Electric Storage, and Electric Transporten as generation
resources or as dispatchable loads

c. Using the capability for intentionally creating micro-grids to
accommodate feeder reconfiguration

D6. Relay Protection Re-coordination (RPR)

This application adjusts the relay protection sg#ito real-time conditions based on the
preset rules. This is accomplished through anabfsislay protection settings and
operational mode of switching devices (i.e., whethe switching device is in a switch
or in a recloser mode), while considering the temé connectivity, tagging, and weather
conditions. The application is called to perforrteafeeder reconfiguration, and, in case,
when conditions are changed and fuse saving isrezfj[l, 2, 3, 11, 18].

The updates needed to meet the Smart Grid requirenmés include coordinating
feeder protection and re-synchronization with Distibuted Energy Resources and
with Micro-grids.

D7. Pre-arming of Remedial Action Schemes (RAS)

This application receives pre-arming signals franupper level of control and changes
the settings (tuning parameters) of distributiadesiemedial action schemes (RAS), e.qg.,
load-shedding schemes (a component of self-heghd( or intentional Distributed
Energy Resources islanding into micro-grids [13]2,

The updates needed to meet the Smart Grid requirenmés include coordinating
remedial action schemes with Distributed Energy Resirces, Demand Response,
Electric Storage, Electric Transportation, and micro-grids. To do so, the DA
function shall receive pre-arming requirements fortwo (or more) timeframes:
a. Immediate actions
b. Actions within given time limits.
After obtaining this information the function will determine which fast-acting
remedial schemes shall be armed and which slow-aayj means are available and
can be counted on.

D8. Coordination of Emergency Actions
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This application recognizes the emergency situdiemed on changes of the operating
conditions or on reaction of some RAS to operatichanges and coordinates the
objectives, modes of operation, and constraintsloér Advanced Distribution
Automation applications. For example, Under-frequenoad Shedding Schemes trigger
emergency load reduction mode of volt/var conwolthe under-frequency protection of
Distributed Energy Resources triggers the pre-anmeational islanding. These are
post-disturbance activities [1, 2, 3].

The updates needed to meet the Smart Grid requirenmés include coordinating
emergency actions between the RAS, DA applicationBjstributed Energy
Resources, Demand Response, Electric Storage, EleciTransportation, and micro-
grids.

D9. Coordination of Restorative Actions

This application coordinates the restoration o¥isess after the emergency conditions are
eliminated. For example, Advanced Distribution Autdion System changes the order of
feeder re-connection based on current customeritsor inhibits return to normal
voltage until there are disconnected feeders [3].2,

The updates needed to meet the Smart Grid requirenmés include coordinating
restoration of disconnected loads in distribution vith the availabilities provided by
the transmission, generation and distribution itsdl It applies to the restoration of
load changed due to the emergency by RAS, DA appditons, Distributed Energy
Resources, Demand Response, Electric Storage, EteciTransportation, and micro-
grids.

D10. Intelligent Alarm Processing

This application analyzes SCADA and DOMA-generatkaims and other rapid changes
of the operational parameters in distribution aadg¢mission and summarizes the
multiple alarms into one massage defining the caotse of the alarms. For example,
multiple sudden voltage violations along a disttibo feeder and overloads of some
feeder segments may be caused by a loss of Digtdlitnergy Resources excitation, or
successful reclosing of a portion of feeder witkslof significant load may be caused by
miss-coordination of the recloser settings andraquéar fuse protecting a loaded lateral
[1, 2, 3].

The updates needed to meet the Smart Grid requirenmés include recognition of the
impacts by RAS, DA applications, Distributed EnergyResources, Demand
Response, Electric Storage, Electric Transportationand micro-grids on the adverse
situations.

D11. Processing AMI data for creating and updating the distribution
nodal load models (' This is a new function
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Distribution automation applications use comprehenise distribution operation
models. The most basic models are the connectivityodels and the nodal load
models. AMI will provide a large amount of information that can be used to create
much more adequate models than the currently usedypical models”. These

models include real and reactive load models on peustomer basis and models of
the voltage drop in the secondaries (as long as tle&act topology models for the
secondaries are unavailable). In order to obtain tase models in a representative and
timely manner, the data collected by AMI shall be pocessed to summarize the
essential characteristics of the loads and aggregathe load models at the point of
connection in the distribution operation model usedy DA applications.

D12. Optimal Allocation of Switching Devices

The optimal allocation of switching devices is @by the dominant objectives of
distribution operation. It shall take into accothi current and future basic topology of
the distribution system and the capabilities ofrihdti-level feeder reconfiguration by
using automated switching devices. It should ad&e into account the presence of
Distributed Energy Resources, Demand Responsetrigel&torage, Electric
Transportation, and micro-grids and the need irclsgonization of Distributed Energy
Resources and Micro-grids with the basic poweresydtL, 2, 22].

D13. Optimal Allocation of var and voltage controll ing devices in
distribution

The optimal allocation of var and voltage contradlidevices in distribution is driven by
the dominant objectives of distribution operatitirshall take into account the current
and future basic topology of the distribution sysi@nd the capabilities of the multi-level
feeder reconfiguration by using automated switcliegices. It shall also take into
account the available contribution of real and tigagower from Distributed Energy
Resources, Demand Response, Electric StorageriEl[€cinsportation, and micro-grids,
as well the impact of reactive resources in digtrdn on the transmission operations [1,
2, 23].

D14. Prioritization of SMI Allocation for the benef  its of DA (This is a new
function)

The advanced DA applications are constraint byitgpdnd voltage limits. The most
restrictive constraints in distribution are thetagke limits at the customer terminals.
There are always some customer terminals that exuer either the lowest, or the
highest voltages. These voltage-critical pointsrerealways stable, they move from one
place to another at different times. The distributoperation model used by the DA
application is supposed to determine the voltagesal points. The accuracy of this
determination depends on the accuracies of the cpnemt models, such as load models,
secondary voltage drop model, connectivity model, Ehese models shall be
periodically validated. One of the validation medkas comparison of the modeled value
with the accurately measured one. It can be daneaaively by using stored data, or it
can be done in the near real-time frame. In oral@naximize the benefits from the
advanced DA functions, the SMI shall be first ifisthin point of most interest for the
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model validation purposes. These sites can berdeted by defining the most probable
critical points [1, 2].

D15. Prioritization of Demand Response Allocation (This is a new function)
Installation of Demand Response in voltage critieades and/or downstream from load-
critical segments of the distribution system araldbility of controlling the Demand
Response from the DA applications significantlyreases the benefits of DA
applications [1, 2, 11-12]

If even the list presented above should be redtarethe first stage of Smart Grid
implementation, the following applications can beammended:

1) Real-time Distribution Operation Model and Analy@OMA)

2) Distribution Contingency Analysis (CA)

3) Fault Location, Isolation, and Service Restora{ileblSR and Intelliteam)
4) Voltage, Var and Watt Control (VVWC)

5) Multi-level Feeder Reconfiguration (MFR).

To raise these applications to the level of the I$@&d challenges, they should be
enhanced in two directions:
a) Integration with the DER, Demand Response, and BH13] (Volt/var control
function will become Volt/var/Watt Control functiqivvVWC)
b) Functional integration with EMS applications.
The integration will better utilize the potentidllmth: the original DA applications and
the new advanced technology, providing significaditional benefits.

Implementing these functions to their maximum ekl require optimal allocation

and prioritization of controllable equipment in tthistribution system (automated
switching devices, controllable capacitors, volteggulators, demand response
installations, etc.). These planning activitiesraatrbe accomplished without knowing
what is expected from the DA applications, becalierent stakeholders may have
different dominant objectives and other requireradat these applications. Therefore, in
the planning environment, the decisions on choosiedA applications and on
selecting of the actuators should be made at tine $i@ne.

Meeting these integration requirements will requiegelopment of standard object
models and interfaces between different sourcesirés 1-3 are sample illustrations
reflecting the needs in the object models andfiates. These illustrations are updated
from the previously published ones in [3-7].
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Information Flows for Advanced Distribution Automat ion
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Figure 1. In addition to interfaces with SCADA, speific interfaces between DMS and AMI and DER

will be needed
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FUNCTIONAL INTEGRATION BETWEEN
DMS ADVANCED APPLICATIONS AND EMS NETWORK ANALYSIS
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Figure 2. DMS function will provide additional information to the EMS functions, and EMS
functions will use additional controllable variables available in distribution.
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Information Sources for Advanced Distribution

Automation
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Figure 3. Multiple object models reflecting the furctionalities and parameters of the object to be use
in advanced distribution applications will be needd.

Conclusions.

1. There are well specified, field-tested and implemented in some
utilities Advanced Distribution Automation applications, which meet
many of the requirements of the Smart Grid

2. These applications can be upgraded to fully meet the requirements
of the smart grid in a comparatively short time interval, definitely
before significant penetration of the Smart Grid technology in the

distribution systems.

3. In addition, new DA applications will need to be developed to fully

utilize the advantages of the Smart Grid.
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