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News: Welcome to the Digital Utility..
T&D World Jan. 2007,www.t&dworld.com

· US Academy of Engineering named in 2000 the electrical 

system: “the greatest engineering achievement of the 20th

century”

· ..our digital world demands high quality of power..

· DOE estimates that a total of 60% of the assets are 50-70 

years old and need replacement in the next 10 years, worth 

about US$800 billion!!

· “The advanced technology available today helps to solve this 

problem”.

· Advanced hardware: sensors..

· Advanced software: applications..

· Advanced materials: superconductors…
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News: Welcome to the Digital Utility..
T&D World Jan. 2007,www.t&dworld.com

· “Intelligent Systems
– Intelligent Transmission system: selfhealing, interactive with power 

electronics.

– Intelligent Distribution system: anticipates customer outages, uses 

intelligent feeder switching+efficiente Outage Management

– Intelligent two way connection to the customer provides complete image 

of load needs (Customer is a partner of the utility in load-management)

· The bulk power Grid seeks intelligent Operation
– ..at the same time.. “the industry technical workforce is poised for 

retirement”..

– ..There is a loss of situational awarness ..

– Technology that is able to monitor, manipulate and automate basic 

equipment will be a major player in the solution
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News: Welcome to the Digital Utility..
T&D World Jan. 2007,www.t&dworld.com

· Substation Intelligence: subsynchronous resonance is mitigated by 

thyristor controlled capacitor banks.

· Intelligent transformer: real-time monitoring of oil for gas 

chromatography, hot spots temperature, oil temperature..

· Power Electronics:

– Super Var high-temperature 10 Mvar Synchroneous condenser 

TVA

– SVC Light: STATCOM ABB 

– Advanced phase shifting transformer of GE replacing HVDC, first 

in Hydro Quebec another Texas-Mexico

· High Temperature Superconducting (HTS) cables:

– 350 mts in Albany New York, 10x capacity of copper

– 2nd Generation of HTS in development
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News: Welcome to the Digital Utility..
T&D World Jan. 2007,www.t&dworld.com

· Intelligent Distribution: many initiatives

– 90% of the outages occur at distribution

– 19% of the power go to ground due to unbalances in typical US 

feeders

– Reported 600 pilots automation pilots from 1995-2005= “pilotitis”

in the USA, “Analysis Paralysis”

– Distribution Vision 2010 iniciative: Alliant Energy, Salt River 

Project, Oklahoma G&E, AEP, BCHydro, etc.: micro-grid industrial 

demonstration park.

– DOE, Modern Grid Initiative

– EPRI Intelligrid Consortium

– SMART Energy Alliance (SEA) CISCO, GE energy, HP, Intel 

focusing on communication



6

News
· Xcel Energy (Minneapolis) electricity and natural gas 

company with 
– regulated operations in 8 Western and Midwestern states. 

– portfolio of energy-related products and services to 3.3 

million electricity and 1.8 million natural gas customers. 

· Announces First Smart Grid City In The Nation (19-
03-2008) in Boulder Colorado
– Who: “..established the Smart Grid Consortium, bringing 

together leading technologists, engineering firms, business 

leaders and IT experts

– Where: ..it is home to the University of Colorado and several 

federal institutions…

– Funds: “Xcel Energy anticipates funding only a portion of the 

project, ….,could be up to a $100 million effort”.

– Information: www.xcelenergy.com/smartgrid
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Impacto 
importante, 

poco definido

Fundamento 
de SG

News…XCEL Energy

· What: 
– Transformation of existing metering infrastructure to a 

robust, dynamic electric system communications network, 

providing real-time, high-speed, two-way communication; 

– Conversion of substations to "smart" substations capable of 

remote monitoring, near real-time data and optimized 

performance; 

– At the customer's invitation, installation of programmable in-

home control devices systems to fully automate home 

energy use; and 

– Infrastructure Integration to support

· dispatched distributed generation technologies (such as plug-in 

hybrid electric vehicles with vehicle-to-grid technology; battery 

systems; wind turbines; and solar panels).

Esta es una 
de las 

primeras 
acciones

Fundamento 
de SG

Clave, 
incentivar 

participación
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SG customer interface related Issues

· USA 2005 Energy Policy Act: basis for the 
transformation addresses reliabilty, renewable 
energy, infrastructure modernization, advances 
transmission technologies..
– Section 1252: Smart metering, includes time 

based rates and ability to receive and respond to 
electricity price signals

– To implement this utilities need an “Intelligent”
connection to the customer

– METER=Portal of the customer using Automatic 
Meter Infrastructure (AMI technology)
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As a major driver to smart grid adoption, the U.S. Energy 

Information and Security Act was enacted in 2007

· Increased use of digital technology to improve reliability, security, and 
efficiency

· Dynamic optimization of grid operations and resources
· Utilize distributed resources and generation (including renewables)
· Utilize demand response, demand-side resources, and energy-efficiency
· Deployment of ‘‘smart’’ technologies for:

– Metering
– Communications of grid conditions
– Distribution automation

· Utilize advanced electricity storage and peak-shaving technologies, including:
– Plug-in electric and hybrid vehicles
– Thermal-storage air conditioning

· Report timely information and control options to consumers
· Create standards for communication and interoperability of devices 

connected to the grid
· Reduce or eliminate barriers concerning smart grid technologies, practices, 

and services

EISA 2007: Title XIII - Smart Grid



10

10

Why does USA grid need to become “smart” or “intelligent”?

· Electric generation, transmission, and distribution infrastructure is rapidly 

aging and out of synch with new digital technology

· Core utility workers needed to operate and maintain the grid are also 

aging and getting more difficult to replace

· Central generation energy production is becoming more capital 

intensive, leading to an increase in distributed generation resources

· While T&D spending is increasing, the allowed rate of return will require 

greater focus on longer-term horizons and greater project benefits

· Carbon legislation is on the horizon and new technologies and practices 

are needed to meet the sustainable energy needs

Running today's digital society through yesterday's grid is 
like running the Internet through an old telephone 
switchboard   Reid Detchon, Energy Future Coalition
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Electric power infrastructure is rapidly aging and in need 

of replacement and increased maintenance

· Average transformer age is 30+ years

· Average circuit breaker age is 35+ years

· New equipment installations peaked in 

early 70’s

Source: KEMA research and analysis; “Implementing New Technology in an Aged Infrastructure: Case Study of Incremental 
Automation”, Willard, S., Transmission & Distribution Construction, Operation and Live-Line Maintenance, 2006. ESMO 2006. IEEE 
11th International Conference

Like many power system devices, 
studies have shown that a 1% 
failure rate associated with newer 
transformers increases to 3% and 
much higher when they reach 
decades of use
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USA grids are also out of synch with new digital 

technology and advances in computing architecture
• Improving grid reliability has become a major concern – particularly with the prolonged nature of 

recent, large-scale power outages
• Control systems are antiquated, providing limited automation and ability to “see the whole grid”
• Minimal system condition information is available to provide greater preventative maintenance 

intelligence

Source: KEMA research, Roger N. Anderson – Columbia University
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Renewable Portfolio Standards will also have a profound 

impact to overall grid planning and smart grid investments

RPS Challenges to the Grid

• Timeliness of transmission 
siting and permitting 
requirements, relative to 
energy supply deployment

• Sufficient modeling of 
intermittent supply capability 
and reliability

• Equity treatment of line 
extension capital 
requirements between 
transmission owner vs. 
energy suppliers

Less than 10%
10 to 20%

RPS Target

More than 20% Note: MO, ND, SD, UT, and VA are State Goals, rather than RPS
Source: Database of State Incentives for Renewables & Efficiency, www.dsireusa.org

State Status of RPS (August 2008) 
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Smart grid technologies are potentially disruptive to the 

traditional utility value chain, particularly for consumers

Power 
Production Transmission Distribution Consumption

• Carbon 
sequestration

• Integrated 
Gasification 
Combined Cycle

• Advanced nuclear 
design

• Synchronized 
Phasor
Measurement 
Units (PMUs)

• High Temp cable
• Flexible AC 

Transmission
• High Voltage DC

• Automated 
Metering 
Infrastructure

• Line fault sensors
• Automated 

reclosers
• Automated 

Volt/VAR control
• Substation 

energy storage

• Home area networking
• Autonomous DR
• Smart appliances
• Distributed generation
• Integration of building 

controls
• Plug-in Hybrid Electric 

Vehicles
• Micro energy storage
• Rooftop solar energy
• Pre-payment systems
• Time-based pricing
• Third-party service 

providers (e.g., DR)

Leading Smart 
Grid 

Considerations

Degree of 
Market 

Disruption
Minimal Moderate Large Transformational

Smart Grid deployment will open a $100B 
market in smart technologies1

Note 1: Department of Energy; The Reform Institute, “The Smart Alternative: Securing and Strengthening 
Our Nation’s Vulnerable Electric Grid”

Traditional Utility Value Chain
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AMI provides increased network connectivity and 
communications between the customer and the utility

AMI 
Meter

MDM/ Utility 
Back Office • Outage Mgmt.

• Adv. Billing

Customer 
Premise

AMI Connectivity (illustrative) AMI Communications Trends

• Full two-way (bi-directional)
• Near real-time data read/access
• Higher bandwidth
• Increasing number of 

communications nodes
• Robust Meter Data Management 

systems to interface with back 
office

• Peer-to-peer mesh networks
• Distributed generation control
• Multiple backhaul integration 
• Device interoperability
• Open communications protocols
• Self-diagnostics and programming
• Minimal network administration
• Self-registry capabilities
• Price signals to smart appliances
• Meter as a premise “portal”

Remote 
Access

Gas or H2O 
AMR Meters

Wired 
Solutions

Wireless 
Solutions
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The number of vendors seeking the Home Area Networking market is

significant – many expect to follow the AMI path to commercialization.

Home Area Network Vendors

Smart 
Thermostats

• Comverge

• Invensys 

• Broadband Energy Networks 

• Intellicom Innovation AB 

In-Home Display
Devices

• Johnson Controls, Inc.

• Honeywell

• Carrier

• Domosys Corp.

• Comverge

• Delta Controls 

• Adjala Controls and 

Technologies (Log-One Ltd.)

• Intermatic

• Leviton

• RAM Industries

• Baco Controls 

• Corporate Sys. Engineering

• Invensys 

• Domosys Corp.

• Dencor

• Brayden Automation Corp.

Load Control
Switches

• Electric City 

• Lightstat Inc.

• Douglas Lighting Controls Inc.

• Powerline Control Systems, 

Inc.

• Vantage Controls

Lighting 
Controls

The key to success of this “next 
generation” of products will be 

through industry-wide, open 
communications protocols and 

interoperability
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On the consumer side, the potential impact of Plug-in 

Hybrid Electric Vehicles is significant and highly anticipated

Chevy Chevy 
VoltVolt

Toyota Prius

Ford Escape

Market realities and consumer economics will 
dictate how rapidly PHEVs will be adopted as a 
viable supply/ demand option for the smart grid

Anticipated PHEV Impacts

• Potential impacts to the U.S. grid are significant:
– 15 kW (avg.) X 256M vehicles = 384 GWs
– Power generation today = 986 GWs

• Vehicle can provide energy storage in response to 
appropriate pricing plans 

• Intelligent plugs would communicate with the electric 
utility to automate nationwide billing & control

• Battery storage provides spinning reserves and 
ancillary services

• New business models for utilities and others to 
provide secondary battery markets/swaps

• External firms such as Google are investing in PHEV 
demonstration projects

Source: KEMA Research, Energy Information Administration, 
US Dept. of Transportation 
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When does the “Smart” grid become truly intelligent?

Intelligent Grid Characteristics

· Sensors and controls become truly 
autonomous, driven by self-correcting, 
intelligent algorithms, operationally embedded

· Utilities and energy providers are making the 
investment decision a priority, with intelligent 
controls a design standard for asset 
management

· New stakeholders and market participants 
offer a larger array of new products and 
services

· Regulators and policy makers enable effective 
cost recovery schemes, not tied to the current 
regimes

· Consumers demand the flexibility and fully 
engage as active participants

��

AMI

DER

Enterprise
Data

Systems

High Speed
Communications

Self-Correcting
Line SwitchingPHEVs

Energy 
Storage

Home Area 
Networks

Time to Market Scalability

Complexity

Low

High

2008 2013 2018

Intelligent Grid Technologies 1

Note 1: Partial listing

Automated
Line

Sensors
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Interoperability and acceptable standards will be vital to 
full systems integration for smart grid components

Smart Grid relies on an end-
to-end integration capability, 
but the many integration 
points (seams) lack 
commonly adopted standards

Web Services

Substation
Automation

Distribution
Automation

Adv.
Meters

DER

z

AMI Comms
Var. Data Models

Var. Data Models

- Service Defs.
- Event Defs.
(XML / XTP)

CIM Data Models
IEC 61968-70

NERC CIP requirements

IP, 
Open AMI

?

IEC 61850

DNP 3.0
?

ANSIC12.19, 
C12.22

Customer Services

System Operations

Enterprise Systems

Others:
• IEC 61000-3-X EMC
• IEC 61400Wind Turbines
• IEC 62351PS Control and Assoc. Comm. - Data and Comm. Security 
• IEEE 1366Distribution Reliability Indices
• IEEE 802 LAN / WAN
• C37.1-2007 SCADA 7 Automation Systems

HAN/ 
Bldg. 

Controls
BACnet

LONWorks
ZigBee

WiFi
Homeplug
X10 PLC

IEEE 1547
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Common Communications Infrastructure
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SG customer interface related Issues

· Case 1: ENEL-Italy, 30 million of customer meters connected 

with two way communication and smart metering finished in 

2005

· Case 2; Southern California Edison,San Diego, CA, 5 million 

residential and small commercial users

· Case 3:Pacific Gas and Electric, San Francisco, CA, 9.3 million 

of smart meters electricity and water in 5 years to be 

completed by 2011

· Case 4: Gulf Power customers receive a smart meter and a 

thermostat for controlling the heat related load, receives rate 

data by internet. By load control estimated US$132 billion of 

benefit for deferred generation in the next 20 years.
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The Smart Grid of The Future1

Full price information to customers – RTP, CPP, etc.Limited price information 

Sustainability and Global Warming concernNot much sustainability concern

Pervasive control systems; state estimatorLimited control over power flows 

Condition-based maintenanceScheduled equipment maintenance 

Adaptive protection and islandingProne to failures and blackouts

Semi-automated restoration & decision-support 
systems, and, eventually, self-healing

Manual restoration 

Monitors and sensors throughout; High visibilityFew sensors 

Network topology; bidirectional power flowRadial topology 

Integrates distributed generation & renewables and 
supports EVs or hybrids

Built for centralized generation 

Two-way communicationsOne-way communications (if any) 

DigitalElectromechanical 

21st Century Smart Grid20th Century Grid
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Key Objectives and Activities

• Brings together key stakeholders from across the 
industry

• Develop a shared vision for the future which encourages 
engagement of multiple, independent parties

• Identify research needs and build support for an 
increased public and private research effort on electricity 
networks

• Align ongoing RTD projects and new European, national 
and regional programs on electric T&D systems

• Draw conclusions and recommendations for follow-up 
actions and implementation of the strategic research 
agenda and deployment plan

• Framework-7 funding: � 2.3B over 7 years for energy 
research, including Smart Grids

In Europe, the EU Smart Grids Technology Platform is 

also seeking to collaboratively promote deployments

Vision and Strategy, Strategic Research Agenda, and 
Lessons Learned documents have now been published 

(www.smartgrids.eu)
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Real Case: Solar Energy in Austria

· Impact of DG is becoming
more and more visible in 
Europe

· DG is modifying the way
grids will be designed and
operated

· The European grids are 
better prepared for the
change that USA and LA 
distribution grids
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The European Smart Grid “Logo”

Source: International Energy Agency (Vigotti)
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The Future...

Source: International Energy Agency (Vigotti)
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The Future...

28
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The Future

29
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Conclusions

· Smart Grid is at this point an interesting concept that 
certainly is taking momentum rapidly

· Smart Grid is a response to the USA network grid 
challenges which seems do not address directly the 
problems we see in Latin America

· A careful and progressive adoption of the best 
applicable solutions to our countries seems the 
reasonable approach

· Government, Utility, Industry, Academy etc. in Latin 
America have now the possibility to analyze and 
select the best strategy for our own version of the 
“Utility of the future”
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One day, our energy options will reflect a smarter planet
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