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Overview
Smarter Grids

Drivers & Needs 

What are the Disruptive Transformational Changes?
Overall Infrastructures Requirements
No Silver Bullets:

Smart Equipments
System & Business Integration
Observability & Controllability
Data & Information Explosion
Suite of Integrated Applications 
Visualization & Situation Awareness
Energy Efficiency



Why the Smart Grid Revolution?
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Reid Detchon

“Think about it. The grid that powers the 
tools of modern life -- computers, 
appliances, even BlackBerrys – looks 
largely the same as it did half a century 
ago.” President Barack Obama



Smart Grid: why is it happening now?

Energy efficiency

Under severe Supply Constraints

Environment
Deployment 

of Renewable 
& CO2 free

energy

Large
Interconnected

Grids
and reliability issues

New Electrical
Network

Equipment
(PMU, FACTS,

HVDC, …)

Energy Systems
part of

IT infrastructure

Threat of
Cyber-Security

attacks

Retiring
Work force

Evolving Regulatory Framework
New business model 

Less control on power generation



The Disruptive Transformational Changes

Massive Deployment of Renewable Energies and 
Distributed Energy Resources
Active Engagement of Customers with Demand 
Response
Impacts of Plug-In Hybrid Electrical Vehicles

What are the Issues? 



Massive Integration of New Renewable Energies:
The Challenges ?

Accurate forecasting (Wind, Power, 
Weather, Loads)

Reliable interconnection to the T&D network

Modeling, monitoring, & dispatching 
Distributed Generation

Effective reserve management

Real-time system operation & reliability

Energy storage technology & strategy



Massive Integration of Renewable Energies

CAISO Wind Generation
July 2006 Heat Wave
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Wind Generation Wind Generation at Peak

Total Wind Generation Installed Capacity = 2,648 MW

Wind Generation at Peak at Load

Source: John Goodin, CAISO

R
ecently 

increased 
to 20%

United Nations Environment Programme
Renewable Energy Network for the 21st Century (REN21) 



EU 2020 20/20/20 Targets: 
Demand Response Impacts  

859 million tons (CO2 
eq.) in 2020

242.5-439.7 billion euros

728 million tons/year 
reduction

390 Mtoe/year reduction

EU 2020 targets

Energy Savings

CO2 emissions reduction

GHG emissions reduction

Avoided Costs

This is higher than current annual 
German Gross Energy 

Consumption (349 MToe/yr).

This is higher than current annual 
German Gross Energy 

Consumption (349 MToe/yr).

This is higher than Belgium 2005 
GDP (298.96 Billions Euros)

This is higher than Belgium 2005 
GDP (298.96 Billions Euros)



US Peak demand by Scenario
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US Peak Demand by Demand Response Scenario

BAU – Business As Usual
DR - Demand Response
AAGR - Average Annual Growth Rate

38 GW
4% 82 GW

9%

188 GW
20%

138 GW
14%

No DR
BAU

Expanded BAU

Achievable participation

Full Participation

Change in Peak Demand 
From NO DR Scenario



Schematic of Typical DR

Source: Chris King, eMeter Corporation

Pre-cooling/
“Prebound”

Rebound/
Payback



Connected Home

Customer Engagement & Demand Response
A Transformational Changes

Southern California Edison, modified

Long-Term Opportunities 
through Plug-in Electric 

Vehicles

Enable Net Metering, 
Discrete metering and 

Integrated energy 
management w/Solar 

Panel

Smart thermostats

Energy information

Rates and 
Rebates

CPP
Residential

Single Family
Multi Family

Residential

Single Family
Multi Family

PTR
Residential

Single Family
Multi Family

Residential

Single Family
Multi Family

TOU Rates
Residential

Single Family
Multi Family

Residential

Single Family
Multi Family

Small 
Commercial

1 kW – 20 kW

Small 
Commercial

1 kW – 20 kW

Small 
Commercial

1 kW – 20 kW

Medium 
Commercial

20 kW – 200 kW

Medium 
Commercial

20 kW – 200 kW

Home Energy Storage 
Creates Opportunities 

for Increased 
Renewables

Smart 
appliances
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Motor Speed Starting Current

Voltage Drop

Demand Response: Start-up of a Motor:
Normal Mode of Operation

Start-up Sequence of Loads must be 
controlled



../..

Motor Speed Current

Voltage Drop

Demand Response: Start-up of a Motor:
Under Power Constraint

Control of Loads Start-up Sequence is very 
Critical in islanding/Micro Gid condition 



Demand Response – Stakeholders

Regional Transmission Operator Company

Power Exchange

Operation  

Electric Transmission Company

Power Procurement 

Operation

Independent System

Operation

DR Service ProviderLoad Serving Entity

Electric Distribution Company

Distribution Grid

Operation

Regulated Utility

Operation

Residential

Solar

PHEV Energy

Storage

C&I

Light C&I Heavy C&I

Renewable
VPP

Virtual Power 

Plant

Transmission Grid

Operation

End Customers

Home

Automation



PHEV Impacts require Smarter Grids 

Charging Impacts
3 kW (slow) or 30-50 kW 
(fast) charging
1 M PHEV slow charging at 
once will require 3GW
Discharging to provide 
reserve at peaks
Mobile DERs

Smarter Grids required
Communication infrastructures
Control Charging sequence
Incentive to charge when Renewable or 
cheap energy available
ID of Vehicle, Owners, Users, Grids
Forecasting & Management of Mobile 
Loads/Resources
Roaming management

Source : EPRI

T&D Grids will need an overhaul



What does a Smart Grid looks like?
What is a Smarter Utility?



Configuration of the Grid for the 21 st. Century

Local Energy Box 
Type 1

PV Cell/PHEV

Load under Demand 
Response

L2

Load under Demand 
response

L1

G3

VPP 
Concentrator 1 & 2

Local Energy Box 
Type 2

TSO & DSO Centers

Communication
Front-End

FirewallsDER Operator 
& End User

Internet

SCADA, PDC, EDMS, MDM, DR Applications

G1G1G1
Gs

Gs

VPP 
Concentrator 3  (Existing CHP SCADA)

G2

G1

W
ok

in
g 

S
S

Old Woking SS

33KV

11KV
G1

Convergence of: 

»Highly instrumented Electric Network 
with Embedded Intelligence

»Affordable Communication Technologies

»Excellence in IT & Application 
Infrastructures

»Enterprise Integration
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Micro Grids and Distributed Energy Resources 

Regional/national 
HV Network

City/Rural/Micro 
MV Grid

Central power plants

STATCOM

+ V

- V STATCOM

+ V

- V

�4�4�4�4 �4�4�4�4

City/Rural/Micro 
MV Grid

To MV Network 3MVDC Link

�3�3�3�3



Smart Equipment



Electrical Equipment for Wind Turbines

Step up Transformer & Monitoring System



Step up transformer MS3000/2000 Transformer
Monitoring System

� The step-up transformer is a strategic component, a llowing energy 
supplied by wind turbines to be transferred to the network

� Transformer monitoring is Comprehensive and Interac tive 
Transformer Condition Monitoring & Expert System

Step up Transformer & Monitoring System
Electrical Equipment for Wind Turbines



Step up Transformer
Customer benefits

Quality from a world leader in transformers for over
100 years

Responding to urgent customer requirements and 
immediate needs

Testing generator transformers in short-circuit 
withstand tests
Reliable products that require minimal maintenance
Manufacturing facilities in Western Europe, Turkey, 
China, Brazil, India and Indonesia



Step up Transformer
Technical characteristics + options

Three-phase units 

Usually equipped with de-energised tap changers, but 
they can also be equipped with on-load tap changers 
at customer request

Turnkey solutions

Erection, Oil Processing and Commission Testing

Alternative solutions
Hermetically sealed transformers

Extended life cycle

Vegetable oil transformers (FR3)
Maximize the « Green » footprint, higher flammability point



MS3000
Customer benefits

Continuous supervision 
Exact statements about operating condition, 
Optimized operating and lifetime management
Early detection of incipient faults
Avoidance of failures, outages and collateral damages
Knowledge of transformer life
and lifetime consumption
Extended transformer lifetime
Reduction of life-cycle cost

ConditionCondition
diagnosticsdiagnostics

InformationInformation
distributiondistribution

LifetimeLifetime datadata
managementmanagement

DataData
acquisitionacquisition

DataData analysisanalysis

VisualisationVisualisation



Field BusTransformers

Monitoring
Modules

Substation

or more

Remote IED and
Webserver Module

Office
FAX
ALARM

Telephone
(Modem)

Intranet / Internet

Point to Point, e. g.
0/4 .. 20 mA, Dig.

Protocols, e. g.
IEC 60870-5-101/104,

DNP3.0, Modbus,
IEC 61850

Protection & Control

TCP/IP or
RS232

Notebook

TCP/IP (Ethernet)

MS3000
Technical characteristics + options

Architecture of Remote IED Solution (non-standard)



System & Business Integration



Customer 
Operations

Grid/Market 
Operations

Work & Asset 
Management

Customer 
Engagement

Smart Metering AMI

Billing

CIS

MDM

CRM

Field Measure/

Monitor/control

MMS

EMS

OMS

DMS

Field Measure/

Monitor/control

Planning

EAM

WFM

GMS

Smart 
Appliances

DG

HAN

HEMS

SGMM L3 Domain to Domain Integration. Optimizing Do mains

SGMM L3 SGMM L3 SGMM L3 

SGMM L5 Innovating & Optimizing along the Supply Ch ain

SGMM L4 Optimizing the Enterprise

Smarter Utility & Smarter Grid
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Observability & Controllability



PMUs, On-Line Stability & Situation Awareness

Sensors

Advanced Visualization
Wide-Area Monitoring 

System (WAMS)
PMU phase angle difference

Power System Oscillation 
presentation

Central
Phasor Data Concentrator

PDC

G G

G

Substation
PDC

And applications

EMS
Improved State Estimation
using PMU data (voltage & 

current) 

Oscillation parameters
Raising transfer capacity

Oscillatory Stability 
Monitoring

IEEE 37.118

CPR

P847
P594

+ s/s PDC

+ Stability Applications

+ Consulting



Transmission Network reliability and stability 
Technical Elements

REACTION

TIME

ELECTRO-TECHNICAL

FOOTPRINT

Grid

Corridor

Substation/

Generation

plant

<1 s >1 minute >1 hour

Setting coordination

& check, disturbance

analysis, preventive 

Maintenance, outage

Evaluation, look-ahead

Network securit analysis

PDC, OSM,

Visualization (phase,

Oscillations, margins…)

Contingency Analysis

Manual reconfiguration,

Volt/Var/PSS regulationSpecial Protection

Scheme/Fast acting

Load & generation

shedding/WACS

Voltage and angular

instability detection, 

phasor estimation, 

load shedding,

Power electronic

Low frequencies

identification,

Voltage control

Dynamic line

Rating & Curtailment

Smart 

Sensors

Strategic 

decision

Fully automatic Computer aided decision

Primary device

condition 

monitoring

Adaptive

relaying

OPERATIONS

MAINTENANCE PLANNING

>1 Month

IED Hidden

Failure detection

Network Planning

Post mortem review

Network model check
Parameter

estimation
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Data & Information Explosion



Data & information Explosion

Explosion of Data & Information Sources
SCADA Data
Meter Data
PMU Data
Non Operational Data
Customer Data
Asset data

Explosion of Data size
SCADA Measurements (several millions) scanned at 
faster rates
Meter & Customer Data (Several Millions) acquired at Hr 
to 15 intervalls
PMUs data sampled at 60 samples per seconds



Suite of Integrated Applications



Renewable Energy
Resources Power Forecast

(RERPF)

Day Ahead
Congestion

Forecast

Participants
Generation Schedules

(Wind, CHP)

Applications de gestion de l’énergie éolienne

Renewable Energy Solutions

Advanced
User Interface

Alarms
& trends

Historian
& KPIs

RE Standard
data model

Resource
Portfolio

Optimization

Network
Security
Analysis

 

Generation 
and Load
Forecast

Generation
Curtailment
& Control

AGC

Load forecast

Generation 
requirement

Predictor

DG Estimation
DG Aggregation

Simulate
& Train

Financial
Settlements

Real-time
Scada

Status

Measuement

Control

Topology

Generation Units

Network Status

Solutions Package 



The Future of EMS: Generalized Grid 
Security Framework 

Generalized Grid Security Analysis

Wide Area 
Security

Situation Awareness
(Visualization)

Steady State 
Security

Transient 
Stability

UI 
Navigation

WAMS Alert

UI 
Navigation

PMU &
Oscillation
Analysis

Real-Time
Network

Security Apps

TSA
Applications

Local
UI

Measures-based Apps 

Network Model-based Apps 

Correlation 

Non-Operational
Data

Condition monitoring

Weather information



Visualization & Situation Awareness 



Visualization

Situation Awareness with WAMS

Maintain GRID SECURITY by scheduling generation con tracts

Visualization for Wide Area Security



Monitoring & Operator Alerts



NMS - Online Stability Solutions

Enhanced Reliability & Transmission EfficiencyEnhanced Reliability & Transmission Efficiency

KEY FEATURES

� Network Online Stability 
assessment taking full advantage of 
phasor measurements provided by 
PMUs

KEY BENEFITS

� Blackout reduction and prevention 
with defense in depth approach 
covering time and space horizons

� Advanced visualization providing 
situation awareness to counteract 
increasing grid complexity

� Increased transfer capacity whilst 
preserving network reliability

� Increased system and grid operation 
automation letting more time for 
operational optimization

KEY FEATURES

� Network Online Stability 
assessment taking full advantage of 
phasor measurements provided by 
PMUs

KEY BENEFITS

� Blackout reduction and prevention 
with defense in depth approach 
covering time and space horizons

� Advanced visualization providing 
situation awareness to counteract 
increasing grid complexity

� Increased transfer capacity whilst 
preserving network reliability

� Increased system and grid operation 
automation letting more time for 
operational optimization

CUSTOMER ISSUES

� Increasing stress levels on aging grid infrastructures leading to 
outages and blackout

� Growing share of renewable/ intermittent  resources

� Growing electricity demand

� Penalties/sanctions due to outage time and decision delays

CUSTOMER ISSUES

� Increasing stress levels on aging grid infrastructures leading to 
outages and blackout

� Growing share of renewable/ intermittent  resources

� Growing electricity demand

� Penalties/sanctions due to outage time and decision delays



Energy Efficiency: Smart Dispatch: 
Dispatch Evolution 

Classical Dispatch
Unit Commitment Scheduling, Economic Dispatch, AGC
Grid security, scheduling, dispatch are Independent tasks

Market-Based Dispatch
UC/ED with explicit transmission security
Formal Day-Ahead and Real-time tasks
Pricing - Dual of the MW signal
Large-scale system dispatch 
Serious deficiencies in modeling, coordination,  compliance

Smart Dispatch
Dispatch with a vision
Dispatch with intelligence (e.g. parameter adaptation)
To correct root-causes for dispatch deficiencies
To improve solution robustness against DER uncertainties
Process re-engineering for business/economic analysis 
New AREVA solution with competitive differentiators (based on recent 
development for PJM and NCG)

Related Functions (e.g. load forecast)



Function Summary

Designed for normally inter-
connected system operation 

Limited forensic analysis 

Manual re-dispatch to relieve grid 
security violations

Ad-hoc forward scheduling 
disconnected from RT dispatch

Passive, static demand

Cost-based, centralized 
generation

Classical Dispatch

Perfect-Dispatch for root-cause 
impacts and process re-
engineering

Extension for dynamic, multi-
island operation in emergency & 
restoration   

Congestion management with 
security constrained optimization 
Continuum from forward 
scheduling to real-time dispatch

Active, dynamic demand 

More accurate modeling of Energy 
Resources

Extension for price-based, 
distributed, less-predictable 
resources 

Smart Dispatch
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