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Introduction

Power system system allowing the transmission and distribution
of electrical energy produced by large generation
units (electrical power plants) to consumption
centers of different sizes located on a large
territory.

Power flows
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Introduction

U New and complex energy U Electrical energy market liberalization
governance policies
U Sustainable development
U Renewables development
U Reduction of the dependency from
U Environmental pollution other countries for energy supply
reduction
U Increase of energy efficiency

. G ration
Transformation serner ;@

process
?; Transnussion

U Costs reduction

Power
Continuous growth of the penetration in the é é flows
electrical distribution systems of the so called Distnbution
distributed generation (DG
g ( ) @ Generatio @
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Introduction

Potential benefits from DG

u  Flexibility and electrical load management
u Coverage of the local load peaks

u Time deferral of investments aimed at the adaptation of transmission and
distribution systems, at building new power plants and at the reinforcement of
existing power plants and electrical systems

u Diversification of the energy resources supply

u Larger possibility of exploitation of renewable energy resources in favourable
locations

u Electrical energy losses reduction
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Introduction

Connection problems to distribution systems of DG

U Increase of short circuit currents
U Increased complexity of automation and protection systems

U Increased complexity of voltage regulation due to a modification of
power flows

U Unwanted possible MV systems islanding

u Harmonic pollution (for generation units interfaced through static
conversion systems)
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Introduction
Increase of short circuit currents

(in Italy the max short circuit currents are 12,5 kA in MV systems and 16 kA
in LV systems)

U Substitution of circuit breakers to adapt breaking capacity ;

U Substitution of conductors due to bigger thermic sollicitations .

Possible solutions:
1. Use of HV/MV transformers with Difficulty in voltage regulation
bigger impedances; when DG is out of service

2. Use of limitative impedances.
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Introduction

Increased complexity of automation and protection systems

DG can determine the power flows inversion in networks branches, flows typically
unidirectional in passive electrical systems;

It depends from type of DG, its power, its connection point, loads, with important
consequences on protection selectivity

U Unwanted interventions over unfaulted lines, due to faults in adiacent lines
connected to the same bus bar (/oss of selectivity );

ot L) @GD
ea A e

U Possible non functioning of opening and reclosing temporized systems to
eliminate transient and semi-permanent faults or to isolate faulted lines
with the aim of limiting the out of service.
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Introduction
Increased complexity of automation and protection systems

Needs to proceed at:

U Redefinition and re-setting of protection systems;

U Verification of protection selectivity taking in account of intensity, versus
and during time of fault currents;

U Verification of time interventions of protection devices with the aim of
generators stability.
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Introduction

Increased complexity of voltage regulation due to a modification of power

flows . .
Regulation based on loads and passive systems features:
Wiithout DG voltage profile easily determinable (power flows
unidirectional)
|
%GD' VoYY oYY vy
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Introduction

Increased complexity of voltage regulation due to a modification of power

ﬂows . . . .
Needs to change present regulation methods with difficulty

In presence of DG to consider the sites, the sizes, the dispatching and the

features of D
oo

A
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Introduction

Increased complexity of voltage regulation due to a modification of power

ﬂows . . . .
Needs to change present regulation methods with difficulty

In presence of DG to consider the sites, the sizes, the dispatching and the

features of DG
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Introduction

Increased complexity of voltage regulation due to a modification of power

ﬂows . . . .
Needs to change present regulation methods with difficulty

In presence of DG to consider the sites, the sizes, the dispatching and the
features of DG
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Introduction

Increased complexity of voltage regulation due to a modification of power
flows

_ _ Voltage regulation system based on a coordinated control
Possible solution  of under load tap changers in HV/MV transformers and
reactive power flows in distribution feeders
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Introduction

Unwanted possible MV systems islanding

Saffety aspects Permit repairing and maintaining interventions in safety
conditions (electrical system out of voltage)

/
1. Problem in the parallel connection of islanded system

and electrical power system due to automatic opening
and reclosing operation to eliminate transient and semi-
permanent faults;

Control aspects <

2. Problem in ground arc extinction, with the consequence
of unsuccessful of reclosing operation;

3. Power quality (frequency and voltage variations)
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Introduction

Current scenario

u Planning and management for distribution systems are referred to passive
systems

u Solutions aiming at the adaptation of DG to the networks (bearing the
presence of DG units)

Future evolution

UNew definition of all the main criteria for planning and management of
distribution systems (network schemes, control and protection philosophy,

etc.)

Process in different
steps

- =

Active, intelligent and interactive networks
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Smart Grid

What is it ?

Smart grid = electrical system able to smartly integrate activities of all connected
users i energy productors, consumers, prosumers, - with the
aim of distribute energy in an efficient, sustainable, reliable and
economical favorable way. Smart Grids European Technology Platform

Smart grid = digital and information communication technology application to
electrical power systems with the aim of optimize all the operation
of its interconnected elements (components and operators) i from
the central and distributed generators, through the transmission
and distribution systems, to industrial users and building
automation systems, to energy storage installations and to final
consumers and household devices.
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Smart Grid

Why ?

To radically transform the electrical system through the adoption of
advanced communication technologies, automated controls and other
types of Information Communication Technology (ICT)

g

Integrate all the apparatus, information and electrical market issues within
a coordinated and collaborative process allowing the energy to be
generated, distributed and used in areliable and efficient way

AfSmar t gri d: t he next future of Nieel Navemberd& 2010di s19 r i b
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Smart Grid

Most important goal

“to transform the functionality of the present electricity transmission and
distribution grids so that they are able to provide a more user-oriented
service, enabling the achievement of the 20/20/20 targets and
guaranteeing, in a competitive market environment, high security, quality
and economic efficiency of electricity supply”

EU Smart Grid Initiative

AfSmar t gri d: t he next future of Nieel Navemberd& 2010di 2@ r i b
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Smart Grid
Goals

1: Optimizing Grid Operation & Usage
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r..m -
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Smart Grid
The Electric El
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Smart Grid i- Transmission systems
Smart Grid Network — Grid Reliabiltiy

Synchrophasors
=Measuring voltages

. Ouage and currents
Self Healing
Naragomont . Outputting accurately
o Other PS time-stamped
\¢ . /voltage and current

» phasors

|
Y

Smart Grid Network

1-2 years
= Angle / Frequency Monitoring
* Disturbance Analysis

\’Ni i 1 5 S. Voltage Stability Analysis
-5 years
Area * Improved State Estimation (Boundary conditions)
Measurement = Rapid Restoration
e
= Real-Time Control

s ly |
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Smart Grid 1- distribution systems

Distribution network

CURRENT SCENARIO FUTURE SCENARIO

U passive ending of the electrical U Active entity that guarantees
system connectivity through an
increasing level of interaction
with consumers and that will
meet the energy needs of the
users in terms of flexibility,
economy and reliability, making
use, at the same time, of the
benefits of the energy market
liberalization
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Smart Grid 1- distribution systems

Distribution network

CURRENT SCENARIO FUTURE SCENARIO

U Radial Topology U Interconnected and meshed
_ _ _ topology

U Vertically integrated system with
centralized generation, dispatch U Decentralized system, distributed
and control; logic

0 One direction power flows; (i Multi directional power flows

U logic i c o n raedd to r doe thed (i Logic of integration of the loads
loads taking large flexibility

U DG beard U Full DG integration
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Smart Grid 1- distribution systems

Features:

u Larger reliability through the implementation of all the most advanced
distribution automation functions (for example integrated Volt/VAR
control, outage management, reconfiguration)

u Possibility to integrate the consumers and their behavior within the design and
management of the network through the Demand Side Management (DSM)

u Emergency and market demand response
u Self-healing T possibility to detect, analyze and solve the problems
u  Use of different technologies for energy generation and storage

u  Full usage of the opportunities offered by the electrical market

AfSmar t gri d: t he next future of Nieel HNavemberd& 2010di Lt r i b
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Smart Grid

Basic elements:

U Monitoring the electrical system through sensors
u Data transmission system (optical fibers, PLC, GSM, WI-FI, etc.)
u Decision system

U  Network automation and remote control

e U

SCADA

N

Advanced
Distribution
Automation

AfSmar t gri d: t he next future of Nieel HNavemberd& 2010di &8 r i b



versita degli Studi di Palermo)

Smart Grid

Intermediate phases or different models of the network as integrated
parts of the smart grid ?

u active grid: MV network with high rate of DG directly controlled from the
distributor as a function of the load in the system

u microgrid: network with generation (overall and possibly from
renewables) and storage systems, that can work in islanded mode with
emergency supply from the main grid

u virtual utility: similar concept to the internet; the energy is locally
generated and exchanged between generators based on price signals

AfSmar t gri d: t he next future of Nieel Hawvemberd& 2010di L9 r i b
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Smart Grid
Active grid
1) Network that does not only play the passive role of
supplying the final consumers
Definitions
2) The network operator controls and/or rules the power
required or generated by the loads and the generators,
the bus voltage and the branch power flows
Complete renew the approach to Strategical choice with
planning gradual application

AfSmar t gri d: t he next future of Nieel HNavemberd& 2010di 3@ r i b
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Smart Grid

Active grid

1° level

Simple local control of the generation at the connection point

2° level

Complete control system for all the distributed energy resources
(DER) in the controlled area

.......

e = e

u Coordinated dispatching

[

A‘D‘d

u Voltage profile optimization j p.10 P,@z - o S ﬁa

=
<
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Smart Grid

Active grid

3° level

u  Strongly interconnected structure

U Subdivision in cells (il ocad e & sresponsible of their own
management (protection, voltage regulation, etc.) that take part to the
market, selling or buylng energy to/from adjacent cells or from/to the

transmission system [
y Distribution Network organised by cells HV Cell
G
MV Cell =
. MV Cell
u Self-healing ¢ MV Cell
network

—(0- (g —- -H-© - -

©-Co- - - ap -0 -
—( RO O 2 (g - —QD ROa®)
—Q0- B (Dg —@D -G~ -
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Smart Grid

Active grid
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3° level

u Integration with LV or MV microgrids (set of loads and generators
connected to the distribution system by means of a single connection

point)

Smart switches/
2| Electricity routers

@ customer nodes

u Connection point
as EMS

DR generation
(fuel cells, etc)

(level of production of the DG,
economical benefit in selling or
buying energy from the
distribution network, loads of
the microgrid, disconnection
from the microgrid during
outages or too high energy
prices, intentional islanding)

4 to Base

g to Base
Power

to Base
Power

to Base |

Power Power
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Smart Grid

Microgrid

Set of generators, loads and storage
indipendently from the electrical grid
production and distribution system

systems connected and able to operate
and that internally recreate the energy

It can be considered similar to
the active network cells since it
is provided with a local control
system that rules the exchanges
of energy among the loads,
generators and external network

U

It can in  intentional
islanding configuration,
disabling the loads that accept
tobepartofafoadc ur t ai |

stay

Main

MicroGrid + = PN SN ! 4’5}3
Seperation | ' . ‘
Device : : <] []
: B . & £’.
X . | : £ : Heat Load
[
Grid JR é
Request p
- ¥ E i o
N EoEr s st & w

O Power Flow Controller

program Encrgy Manager
B Protection Coordinator [ Circuit Breaker
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Smart Grid

Virtual utility or Virtual Power Plant

Optimized Management and control of a set of distributed energy resources

—
()
—
—

copooaac
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oooooao

=
O
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Smart Grid
Virtual utility o Virtual Power Plant
ADistributed Generation and/or co- U When and at what loading
generation unit level the  distributed
generation co-generation
A Conditioning unit units should operate

Alnstalled system configuration

AElectrical or thermal energy storage U When charge and when

discharge the storage

systems .
o) unis

A State of the units
u  When buying/selling
AForecast of the energy requests energy to the network
(electricity, heat, cold)

u When transfer energy

A Forecast of the cost of the fuel from one site to the other

AForecast of the energy price
(import/export)
AfSmar t gri d: t he next future of Nieel HNavemberd& 2010di 36 r i b




Smart Grid

| Home | Distribution Generation
Smart ; Customer Work : Outage Distributed Asset
Appliance Security Service Management Selt Healing Management Generation Optimization
Load Self Asset Outage System Energy
Management Generation Management Management Control Other Services Herewables
\_ / \_ J J
A - e
| | |
Y Y
Smart Grid Network
A t
N | N | N
Y Y
4 o N e N
. Audit Security Energy .
Reporting Compliance Activation Markets Futures Options
Market Customer Load Commodity e
Monitoring Billing Management Trading Derivatives
Regulatory Energy Services Financial Markets
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Smart Grid and smart home

» Smart Appliance
Energy Management

« Smart Charger (PHEV)
Storage

JLggregator

Smart Grid Network

_ « Regulation Signal
wwiy Grid |+ Price Signal

”
/

Signal « Reliability
m » Load Curtailment
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Smart Grid

Integrate SMART Grid/Price Responsive Demand

« Enable greater penetration of Price
Responsive Demand through coordination

with state retail tariff innovation and
SMART Grid initiatives

* Develop real-time forecasting techniques
to enable real-time recognition of Price

Responsive Demand

 Develop real-time operational tools to
enable real-time recognition of Price
Responsive Demand

« Relationship between Price Responsive
Demand development and Plug-in Hybrid
Vehicle development.

ASmart grid: the next future ofNaeli Sowembéerd&2010di 39 ri b
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Smart Grid

Integrate SMART Grid/Price Responsive Demand

U Provide the opportunity for consumers, including residential and small
commercial customers, to voluntarily reduce their consumption when
prices rise in the regional wholesale electricity market

U Aggregate response of many small customers

AfSmar t gri d: t he next future of Nieel Navemberd& 2010di 4@ r i b
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Smart Grid

Price Responsive Demand - requirements

U Advanced Meter Infrastructure
U Develop intelligent load forecast in short term grid operations
U Recognize price responsive load forecast in transmission planning

U Recognize price responsive load reduction in capacity obligation

AfSmar t gri d: t he next future of Nieel HNawvemberd& 2010di At r i b
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Smart Grid

Alternative Generation / Demand Response

____Generation |
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Smart Grid Network

Load (MW x 1000)
1207

y
f

Rediability

Systom 40
Planning 2
(/DTS 1 B CF T 8 91916
S Hour of Day

-
—
—
-

T | Ty

T Tt
7 19 21 23
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Smart Grid
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Smart

Innovation in the following fields:

V Integration of

communications
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and sensors

‘7 p
V Advanced #

Components Conrol Center

VV Advanced control

Plant

Central Gener

Fﬁng

1.Power System Infrastructure

Micro-

A

turbine
= .
Data Concentmator

Distnbution
Substation

Grid

...........

3 I P

& CthIr Users
¥ VVNY - \ >
Transmigsion Distribution .
n Substation Dlesel
Engine
Distrfoution
tation

Turbine Substati

degli Studi di Palermo)

______

- -
W= Operators, Engineers,

fSub
technigues _ Engine
'1'2:5 »(g:g% N
Cogenerati
V Interface ‘/ @m) T =
i - T Sl
strengthening o ¥k, LR =—
Residential
AfSmar t gri d: the next future of Nieel HNavemberd& 2010di 4 r i b



3 degli Studi di Palermo)

Table of contents

V SET Plan - European Strategic Energy Technology Plan

V

V

ASmart grid: the next future ofNaei Sowembéerd&2010di @ r i b



Studi di Palermo)

SET Plan - European Strategic Energy Technology Plan

Adopted in November 2007 within
Energy and Climate Package and
approved by European Council in
2008

GOAL

Development and adoption of low
carbon, sustainable and efficient
technologies

M

, |

U SET-Plan 20-20-20 Goals

T

- 20%

greenhouse gases [ Efficiency increase renewable ensrgy |
. 100%

- 20%
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SET Plan - European Strategic Energy Technology Plan
6 European Industrial Initiative (EIl)

U Bio-energy

u Wind Bioenergia

u Carbon capture and storage

EEGIT European Electricity Grid
Initiative

key element for the other Ell

ASmart grid: the next future ofNaei Sowembéerd&2010di 2 r i b
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SET Plan - European Strategic Energy Technology Plan

Initiative

Initiative length

Proponents

Key Partners

Initiative cost

EEGIT European Electricity Grid Initiative

Program of research, development and demonstration
(RD&D) aiming at createing a new flexible, economic,
efficient, sustainable, smart electrical system

8 years (June 2010 Madrid Set Plan Conference - 2018)

( TSO (Amprion, Elia, Red Electrica de Espana, RTE, Tennet,

Transpower, 50Hertz) T 7/ DSO (CEZz, EON, Enel, Erdf, Iberdrola,
RWE, Vattenfall)

ENTSO-E (European Network of Transmission Systems
Operators for Electricity)

EDSO-SG (European Distribution Systems Operators
Association for Smart Grids)

2 billion G

ASmar't
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SET Plan - European Strategic Energy Technology Plan

EEGIT European Electricity Grid Initiative

/ u Develop and integrate innovative technologies
for power systems and validate them in real
conditions

U Validated solutions are fundamental for other

Principle features energetic initiatives (solar, wind) to increase
renewables and distributed energy resources
(DER)

u Strictly synergy among electrical systems
operators, equipment and ICT manufacturers

AfSmar t gri d: t he next future of Nieel HNawvemberd& 2010di 4 r i b
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EEGI T European Electricity Grid Initiative

Transmission systems activities

- Grid ™ A tool box for new network architecture assessment
Pan-European
i Tools to analyze the pan
Architectures (R&D) " REALISEGRID : s
T3 Demonstrations of Power technologies for more network flexibility
Power Technologies Demonstrations of Power technologies for new archtectures
(Demonstration) T4 i o
SAFEWIND, WINGRID IS- Demonstration of renewable integration (ct'd)
N POWERS TWENTIES | .
T8 PEGASE Tools for a Pan European network observability
Network 7 Tmmmwmmmmmm
management and .
control (R&D) 8 Improved training tools for improved coordination
19 Tools for Pan European network reliability assessment
Tools for Pan European balancing
T10 markets
11 Advanced tools for congestion management
New market design
i Tools for renewable market
options (R&D) 112 OPTIMATE :
T13 Tools to study market integration of active demand
Pan-European Grid T14 Innovative approaches to improve the public acceptance of overhead lines
Anchitarturoc REM v .

ASmart grid: the next future ofi Nl Hovemberd&2010di 3 r i b
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SET Plan - European Strategic Energy Technology Plan

EEGI T European Electricity Grid Initiative

Transmission and distribution systems activities

MMG&MMwMW

1 ; s conrl
- i
T03
105 Joint Task force on IT system protocols and standards
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EEGI T European Electricity Grid Initiative

Distribution systems activities

Active Demand Response| D1 ADDRESS P
and integration with - 3 =
Smert Homes 02 | gmart Homss/Smart Grids SEREARON 1) Smers Eiemes
OPEN METER
Smart Metering D3 Existing Deployment Smart Metering Infrastructure
Infrastructure & Data 7 ; -
Active Distribution - ,
DS Network Integration of small DER
Integration of RES, o Network i
e and EV
s D7 STORAGE TECHNOLOGY intagration of storage technologies
D8 ELECTRIC VEHICLES Integration of Electric Vehicles
Active Distribution ‘
DS Network Monitoring and control of LV networks
Planning, monitoring D10 (Active Distribution Automation and Control of MV
and control Network networks
D11 New methods and systems support
Integrated communication Active Distribution Integrated Communications Solution
Infrastructure 012 Network g Siok
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European Energy Research Alliance (EERA)

14 European research entities to contribute in a coordinated way to
SET Plan goals
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FINLANDIA

FRANCIA

GERMANIA

GRAN
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A I Tm!'.-.‘:-.'z:- g
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&
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European Energy Research Alliance (EERA)

Started Joint
Programs

Future Joint
Programs
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Wind

Photovoltaic

Geothermal

Smart Grids

Solar thermodynamic
Carbon capture and storage
Smart cities

Nuclear
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European Energy Research Alliance (EERA)

Smart Grids Joint Program
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VITO VITO Belgium SP leader i
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Austrian Institute of AIT Anaiiia Task leader ==
u SP2 1 Energy Technology S
Fraunhofer Institute for
Management Wind Energy and Energy IWES Germany Task leader —
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T EC Joint Research Centre The (===
Operablllty Institute for Energy _ e | Netherlands | T ona == -
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European Energy Research Alliance (EERA)

"4 . Smart Grids Joint Program

Grids Joint Programme

u Adaptation of Primary Control cycle and
Automation

Network Monitoring System and ICT
Ancillary Services

Fault and Outage Management
Distributed Generation Management

SP11 Network Operation

cC C C C

Simulation and Analysis Model
System Operation with DER and ICT
Market Design with DER

System Design with DER

SP21 Energy Management

cC C C C
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European Energy Research Alliance (EERA)

Smart Grids Joint Program

40 :
M

Grids Joint Programme

State of the art and terminology
Classification of Control Systems

Use Cases

Technical Communication Requirements
Standards and Protocols

Cyber Security

SP3 1 Control System
Interoperability

CcC C Cc Cc cC cC

c

Electric Energy Storage (EES) Technologies
Performance Testing of Technologies

) _ Integration of Storage Resources to Smart
SP41 Electrical Storage Grids possible Services

Technologies u  Control Algorithms for Storage Applications in
Smart Grids

u Economic and Technical Benefits of
incorporating an EES onto Network
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European Smart Grids Technology Platform

Theorizing and promoting a common vision about the future (2020 and over) of
electric grids by turning research and technological development towards the

European frame

Primary energy

Innovation and > .
Competitiveness Reliability, %s;g ggifong ySme?rIr:th rids
Quality and &
s ' Protection Yo

) Visian and Strategy o

Energy research L Furopes lectrcy

N Networks of the Future:
for sustainable development

Low prices and
efficiency \

ENVIRONMENT

Efficient and cleaner Climate Emmission
technologies change trading
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European Smart Grids Technology Platform

Key Challenges

u Grid strengthening in order to ensure a transmission content able to
interconnect the energetic resources through Europe;

u Efficient connections development

u Decentralized architectures development

u Infrastructures of distributed connections development
u Consumer/prosumer active demand

u Fully DG integration, mainly intermittent and residential micro-generation type

AfSmar t gri d: t he next future of Nieel HNavemberd& 2010di 3 r i b
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European Smart Grids Technology Platform

lSMAF\T-:-;RIDS

European Technology Platform

DFP#6:
New Markets, Users, Efficiency

DP#4:
Information & Communication Technology

SmartGrids I .

Strategic Deployment Document I -
for Europe’s Electricity Networks of the Future Integrating Large Scale Intermittent Generation

DP#¥2:
Optimizing Grid Infrastructure

September 2008 I I

DP#1:
Optimizing Grid Operation & Usage

2008 | 2000 | 2010 | 2011 2012 | 2013 2014 2015 2016 2017 2018 2019 2020
Smart Grids road map i high priority solutions

v
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e European Smart Grids Technology Platform

European Technology Platform
SmartGrids

K- Optimization of grids management (2008-2012)

u Improvement the cooperation between TSO, DSO, TSO and DSO

U Improvement the grids monitoring and control

GOAL

—

Improve the security and reliability of electrical energy supply
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3 degli Studi di Palermo)

e European Smart Grids Technology Platform

European Technology Platform

SmartGrids

eeeeeeeeeeeeeeeeeeeeeee

Optimization of grids infrastructure (2008-2020)

U  New infrastructures building, mainly of transmission type

u Present infrastructures optimization

U  Superconductor technologies development

ASmart grid: the next future ofNaei Sowemberd&2010di & r i b
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e European Smart Grids Technology Platform

European Technology Platform

SmartGrids

Large-scale integration of intermittent generation
(2008-2020)

eeeeeeeeeeeeeeeeeeeeeee

u Development of grids transporting the energy generated by wind and
photovoltaic plants

u Development of energy storage systems

AfSmar t gri d: the next future of Nieel HNavemberd& 2010di K9 r i b
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e European Smart Grids Technology Platform

European Technology Platform

SmartGrids

Strategic Deployment Document

=== Information Communication Technology (2008-2015)

u Development of easy, strong, safe and flexible communication
infrastructures

u Standardization of data types and transmission protocols

GOAL

—

Allow information monitoring, management, control and exchange at
all levels

AfSmar t gri d: t he next future of Nieel Navemberd& 2010di s/@ r i b
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e European Smart Grids Technology Platform

European Technology Platform

SmartGrids

R Active distribution grids (2010-2020)

u Spread the transmission grids services (power flow management,
balance, contingencies analysis) to the distribution systems

u  Grid topologies optimization

u Implementation of smart systems to the grid

u  Communication infrastructures development
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