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ABSTRACT storage systems is realized so that a unique entity is
interfaced with the regif the grid [3]. Aggregations of

both generators and costumers are expected to improve the
participation of medium and small scale generatass

well as loag, to electricity markets.

The aim of the paper is to describe possible requirements,
objectives and development of automation systems for
electrical distribution systems, such as flexibjlity
accessibility, reliability, economy also highlighting
possible novel tygs of operation of the grids.

These ambitious goals may be achieved ibtegrating
functions and applicationstypical of EMS (Bergy
Management System) fdransmission networks to
developing DMS (Distribution Management Systéim)
electric distributionnetworks A research poject under
realizationis presented.

Planning & Engineering

Distribution Management

INTRODUCTION

The paper is aimed at defining automation architectures
for electric distribution network management and control
in the new context of active distribution systems, i.e.
electric dstribution networksvith significant percentages  ig. 1: pescription of key elements ira modern DMS architecture

of distributed generation (DG). [2]. MWM = Material World Modules; OMS = Outage Management
DMSi Distribution Management System is the term used System: GIS = Geographical Information System; MDMS =

for indicating the distributed control cees that are g';s'?é;”%”g& Eggm'\ggg";iifﬁg’gfmzn(t:_“Stomer Information
required for managing electric grids at swmnsmission

and medium vitagelevels. DI\_/IS_S are responsible fo_r a  GENERAL REQUIREMENTS

large number of complex activities from difie analysis

including geographical information systems, personnel Animmediate challenge faced by operatorglettricity
management, outage identification and restoration to distribution networks (DSOi Distribution System
advanced applications related to-loxe control yp to Operator) in the transition from passive to active networks
advanced auxiliary services provision. The paper presents is the integration and connection of distributed resources
the evolution from structures typically used for large (DGT distributed generationi thedistribution networks
Energy Management System (EMS) adopted in [4]

Transmission Networks to DistributioManagement I n tpassivé i a p p the aotution requires the
Systems [1]}that manage and control electristiibution creation of strong enhancements of existing facilities
networks see Fig1 [2]. resulting in significant investmetthat, however, are not

Electric distribution networks are rapidly evolving from  compatible with the resources Distributors and may

completely passive systems (i.e., systems with almost no constitute economic barriers to the integratioD Gt

local generation or with natispatchable generation) to ~ On the contrarythe flactived management ap|

system with significant percentages of generatimstly distribution networks can maxingzhe utilization of the

of the renewable type and withedium to small scale existing network by taking advantage of the dispatching of

generation. This fact poses severeblems in distribution generators, the control of theltage profiles through

system management and requiresthirging of lardvare transformer ratio and voltage regulators, the control of

and sftwarestructures for network automation [2]. reactive power andf thetopologicreconfiguratiorof the

Moreover the fact that most of distribution generation is of power system

the renewable type requires that a coordinated control The new vision for the electric distribution grid is that of a

involving differentresourcesuch as generators, loadsand fi's ma r t The @pmceptlis synthetily expressed in
documents elaborated by the Smartgrids European
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TechnologicPlatform asfiA SmartGrid is an electricity
network that can intelligently integrate the actions of all
users connected to itgenerators, consumers and those
that do bothi in order to efficiently deliver sustainable,
economic and secure electricity supple$2]. The
priorities identified by [2] are:

Optimizing Grid Operation and Use

Optimizing Grid Infrastructure

Integrating Large Scale Intermittent Generation
Information & Communication Technology
Active Distribution Networks(New Market
Places, Users & Energy Efficiency)

= =4 -4 -8 A

For the development @fdvanced electripower systems
automation,it could be of interest to develop hybrid
EMS/DMSs as pointed ouby [6] some years agin a
timely vision. Sucha system would require higlevel
analysis functions such as, for example, statienafon
and contingencyanalysis which are typical EMS
functions and the optimization of losses and voltage
profiles. Security applications,tage estimation and
dynamic synoptic reporting should allow the safe-tiead
operation. These functions must be tailoseds to adapt
existing systems ando integrate the functions of
distribution systemwith newmanaging and monitoring
components.

Despite whatcurrently happens at transmission level
distribution networks have only femeasurementsom
the field andonly a small number of controls are
automatedTransmission networks usualgvea number
of measures of active and reactive power soliage
sufficient to satisfy the observabiligonditions On the
contrary distribution networks have a limited number of
power measurementftypical ones in a distribution
networkare current measurementsfaedersand loads
Thus a important requirement for thstateestimation
algorithnsis the ability to combine different types of dat
such as, for example, measurements corfnorg the field
and statistical data on load curv€sistomization of such
algorithms for the stateestimaton from the current
developments in advanced transmission netwdiks
applications for distribution networisstrongly neededt
might be helpful foechievinga better and more complete
observability of the power system to use toodsning
from ICT (Information and Communication Technology)
such asPMUs - Phasor Measurement Usg)itWAMSs -
Wide Area Monitoring Systesnetc.[5].
Onemajorfocusfor DMSsis to supporthe operatorsith
reliable tools to track information not measured: it is
importantfor a DMSto beequipped with functions that
are able to detect, report, suggest solutions and to inform
consumers of the nature of the disturbance and the
estimated time obutage durationEven more complex
functions such as system recovery after a povailure
could be extremely useful for distribution systems.
Moreover t is useful to consider that the distribution
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network is more sensitive to topological changes.
Additional cables, switches and disconnectorseven
distribution substationsmay frequently modifythe pre
existing distribution networkonfiguration Such changes
in topology are much more frequent and likielypccurin
the distribution networks rather than in the transmission
system.

Since distribution networks are strongly influenbgdhe
terrainit is importantfor the operator to be able to be
aware othegeographicaleatures of the regiain which
thedistribution networloperatesFor the effective use of
a DMS is therefore necessary that the system can import
maps from GISGeographical Information System).

In summary, DMS help operators and engineers in
evaluating the electrical behauio of the network
providingfast and efficientools. These tools usually work
fioff lined on snapshot®f the system, although sorné
themmay switch tdi o-Ini pe@tionthusproviding the
resuts of the performed calculationdirectly on the
operator synoptiand updatingnonitored diagramsvhen
changes occur in the measuremenizing from the field

In paricular, the main DMS functigsare ], [5], [6]:

reaktime measurements

state estimation

power flow calculation

performance indexes calculation
short circuit calculation

voltage control

losses optimization

configuration switching optimization
control of local Distributed Generation
control of dispatchable loads
energy storage devices control

=
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POSSIBLE DISTRIBUTION MANAGEM ENT
SYSTEM ARCHITECTURE S

The automation of gower system is pleed within a
control hierarchystructured to meet the needs of different
levels of delivery of engly within the electricity network.
This requires thabne can manage the network from a
fisinglep | a (¢he control ceme) and/or a set afentres
distributed on the territory. Thisontrolmodeexploitsa
data acquisition system called SCADBupervisory
Control and Data Acquisitiorand is based on
communication between the control aenaind those
devices that can be controlled (generatorsichwes tap
changersetc.). These devices need to be equipped with
actuators @ enable them to perform the operations
required by the control cemt The communication
between the control cestand the actuatorsashievedin

the latest andhoreinnovativeconfiguration by using the
so-calledintelligent Electronic Device (IED).

With the development andehincreasingenetration of
medium and small sizgenerationin MV and LV

Page2/4



Gimed

CIRED Workshop - Lyon, 7>8 June 2010
Paper 0095-

networks(such as small hydi@owerplants cogeneration
plants photovoltaic panels or wind farms) distribution
networkshaveceased to be purely passive loads pawer
system with a high perotage ofsuchgenerationunits
substantiallydiffers from the traditional power system
viewpoint for which all thedistribution networkswere
passive withuncontrollableloads and few distributed
generation.

Thesereasonshowthe importance of modetistribution
systems that, in recent yegnave evolved from an initial
supervisiorandcontrol philosophy to an integrated
approach

The complexity olEDs depends on the configuration of
the control system and the hierarchical lewefsch the
system is made ofSCADA is formed by the control
cente, communication system@&nd IEDs. SCADA
systems are distributed so as to control the different layers
of the network, either as an integrated system that controls
a number of underlying layers or as separate systems that
pass information (possibly synthesized) to higher levels of
control. In fact the choice of how the central system should
be arranged directly dependent on the properties of the
various layers of the network.

The term DMS, to date, is used to indicate dedint
number ofcomplex solutions, frontraditional energy
managemengvenincluding advanced features for-tifie
studies, to the complete re@he distribution network
managemerthatinclude SCADA systers.

The distribution companies have always mtained their
networks according to four main aims of interest
(operaton, maintenance, engineering, marketing), which
influenced 8 DMS application functiongnd have often
generatedndependenapplication software

The rew trend of DMS is to realizengle platforns that
integrate all functions and applications. However,
according to primary and predominant objective of the
distribution company the path that leads to a complete
integration of functions in the DMS can be different.

DMS systems make extsive use of data to develop
strategie$or managingand contrding powersystems and
needto send command signals to tentrolledsystems.
Therefore it is essential tdavea strong interaction of
DMS with ICT world [3].

Proper integration betwegmower and communication
systems will allowto obtain greater operational flexibility
for both generationnits andoads [5], [6].

A possible important aspect is the provisafrancillary
services to transmission and distribution netwdrkshe
local distibuted generationAlong with the primary
energy supplgervice the market provides the supply of a
number of services that are considered ancillary to the
transmission of electricity from producer to customer,
even though many of these services are ecgssarily tied

to transmission and can be supplied by third parties
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different fromnetwork operator. These services include, in
general, dispatching and control services such as, for
examplefrequency and voltagegulation reactive power
supplyand reserve provisionings], [6], [7]. The services
can be separated and, therefore, provided by more than
one operator in a competitive manner. Tihal usermust
carefully determine what specific serviaee needednd

then determine which suppliers canw@mesthat service at
lower cost.

In order b illustrate the potential flexibility dDistributed
Generationthe possible fields of actiaran be

1 assist in thedistribution networkmanagement
through voltage support and coordinated control
of power flows;

1 use of GD for a better management of the zonal

imbalances associated with daily trading of
energy;

use of interruptibleand/or controllabldoads

such as air conditioning systeras a potential
Avirtual ener gy accumul
benefitsin bothfuel consumption reductioand
elasticity of demand.

In order toenableDG to supply ancillary services for the
electric grid it will be necessary to use advanced
communication system#t is worth mentioning here the
significant work performed withirhe IEC 61850 standard
framework.Fig. 3 present an overview of possible system
servicexomparing the possible role of both transmission
and distribution systems.

Frequency stability: FP - primary regulation (< 30 s)

FS - secondary regulation (< 5 min)

FM - minute reserve supply (7 - 15 min)
PD - scheduling and dispatch

VT - Tap-changer control

VQ - reactive power regulation

RB - black start capability

RI - island operation

SQ - power guality assurance

SO - operationsl and asset management

Power balancing:
Voltage stability:

Restoration of supply:

Further system management:

FP, FS, FM
PD, VT, vQ
RB, RI, SQ
50

FP, FS, FM
PD, VT, vQ
RB, RI, SQ
50

FP, S, FM
PD, VT, VQ
RB, RI, SQ
S0

Transmission

FP, S, FM
PD, VT, VQ
RB, RI, 5Q
so

FM, PD, VT

VT, 5Q, 50 va, 5Q, 50

Distribution

[ Today ntermediate Beyon

Fig. 3: Ancillary system services. Possible roles for electric
distribution systems. @dapted from [8]).

AN APPLICATION EXAMPLE

In order to properly develop and implement
methodologies and controland communication
architectures in the presence of electrical distributed
generation experimental sites also intended to establish
innovative soltionsare requiredin the following we refer

to Smart Grid Project, funded and directed fromENE&L
Technical Research in Pisa in the years 22008 [7].
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This Projecthad as objective the study and development
of innovativesolutionsfor the connectioto the network

of significantamountof distributedgeneratiomesources
The focal themes of the Project were planning, control and
management of a distribution syste#thin the framework

of the liberalized electricity markefor developing new
local markets for energy and ancillary servigeevision

The project included design aspects of a tesfaite

1 different medium voltage (MV) network
configurations (radial, meshed, islanded)

1 new technologies and strategies digstribution
network controlprotection, communication and
managemet

1 development of an active management system
able to operate the network in islanded
conditions,to manage the connection with other
networks and to maintain tHeadfeneration
balance

1 control architectures spedifilly designedfor
controlling the flow of active and reactive power
through the coordinated management of
generators anstorage facilities

Theschemef theMV experimental site within the Smart
Grid Projectused forsupporting theheoretical analysis
the following facilities

1 conventional generation (1 MWcluding an

internal combustion engine in CHP
configuration
1 a gas turbine (600 kW)in regenerative

configuration coupled with a boiler and an
absorber;

1 two fuel cells (250 and 500 kW) based on
different technologies (SOFC and MCFC);

1 anheat load emulation system;

1 a static compensator (1 MW) with a battery
storage system additional lopbvision

1 load and generatioemulatoraup to6 MW.

This scheme, therefore, included the installation of various
types of generators (internal combustion engine, gas
turbine, fuel cell and wind turbine) in order to study and
test strategies for voltage contaflactive MV networks
andtheintegrated management of distributed resources in
normalor islandechetworkoperation

For this purpose it was essentialpeciselydefine the
Distribution Management System (DMS) and the SCADA
characteristicsThey shouldbandon th&aditionaldesign

and operation of distributiametworkand get closer to the
specificcharacgristicsof monitoring and contraystems
usedat transmissiorevel. The proposed architecture is
shown in Fig4.
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Fig. 4: SCADA/DMS architecture for application on test network
CONCLUSIONS

The paperpresentedand discussedn the context of
modern architectures forelectrical distribution system
automatiorthe emerging role of advanced DMS capable
of integrating management and control functions.
Technological aspects related to communication systems
includingproblemsof protection and communicatipthe

role of distributed generatiorin providing ancillary
serviceshave beenddressed
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