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New England’s Electric Power System

Å 6.5 million electricity customers; 
population 14 million

Å 350+ generators, 280+ Participants 

Å 8,000+ miles of high-voltage 
transmission lines

Å 13 interconnections with systems in 
New York and Canada

Å 32,000+ megawatt (MW) of total supply 
- includes 1800 MW of Demand 
Response

Å Peak demand: 28,130 MW on August 2, 
2006 (after approximately 640 MW of 
load reduction from demand-response 
programs and other actions)

Å $12 billion electric energy market (2008)
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Three Primary Areas of Responsibility
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Electricity 

Markets

Reliability

Planning



Smart Grid Defined

Smart Grid is the tight combination of 

different infrastructures: 

ïPower System

ïCommunications

ïInformation Technology 

implementing a new paradigm of power 

system design and control
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Smart Grid Objectives

ÅFor Reliability
ïMore capacity from transmission and distribution resources

ïIntelligent devices that automate monitoring and respond to 

emergency situations

ïEfficient production, movement and consumption of electricity

ïTools and training to support control room

ÅFor the Environment
ïReduction in Greenhouse Gases

ïGreater penetration of renewables, energy storage and demand 

resources

ÅFor Consumer Control
ïTransparency into electricity usage and prices

ïOpportunities for consumers to supply energy, capacity and 

ancillary services
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Some Consistent Messages

ÅSupport all types of generation

ÅConsumer participation

ÅTransparency of Cost and Quality of Electricity

ÅCompetitive Marketplace

ÅSelf-correcting: Automatic response to disturbances and 

threatening situations

ÅSecurity (physical and cyber) designed in upfront

ÅObservable and Manageable

ÅFlexible
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Tight Integration with Other Infrastructures

ISO/RTO

© 2009 ISO New England Inc. 

Smart Grid Overview

7

@ 2008 Electric Power Research Institute.



Business Challenges in New England

ÅDeteriorating capacity utilization (average demand/peak 

demand) 

ÅAging grid infrastructure

ÅPressure to reduce energy costs 

ÅSignificant  amounts of new demand resources through 

Forward Capacity Market

ÅAggressive state initiatives to promote large amounts of 

renewable resources, demand response and energy 

efficiency

ÅNew NERC Reliability standards

Å Smart Grid initiatives

ÅRGGI
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New Technologies

ÅSynchronized Phasor Measurement Units (PMU)

ÅIntelligent Electronic Devices (IED)

ÅStorage

ÅDistributed Generation

ÅNew regulation devices: flywheels, PHEV, etc.

ÅMicrogrids and Smart Grid

ÅWide Area Monitoring Systems (WAMS)

ÅWide Area Protection Systems (WAPS)

ÅMulti-Agent technology

ÅPower Electronics

ÅDistributed computer systems
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New Technologies Affecting Control

ÅMicrogrids
ïMicrogrid is a comparatively 

small network with distributed 

generation and storage 

capable of both supplying its 

own loads and buying 

electricity from the grid

ïIt is an alternative to 

transmission and requires new 

approaches in control and 

market integration

Source:



Smart Home
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Example: PHEV

Gas Electric

Greenhouse Gas 

emissions
6.3 tons 1.1 tons

Annual Fuel Cost $1,538 $270

Equivalent Cost 

per gallon
$2.87 .75
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Present unprecedented challenges 

to the Distribution System 

Infrastructure



Distributed Resources
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EPRI Conceptual Diagram
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Generation
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A Paradigm Shift in System Control

Conventional Architecture Smart Grid Architecture
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Source: DOE, http://www.oe.energy.gov/information_center/electricity101.htm

http://www.oe.energy.gov/information_center/electricity101.htm


Example:NIST I2G Interactions
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Source: NIST I2G Draft Roadmap V 0.5 dated 4/9/2009

Current Standards workgroups ñviewò control as 

a single cloud with multiple entities
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Legend:

DR 

Aggregators

Standards are also 

needed among 

Controlling Entities



Legislative Barriers
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The lines between Transmission and 

Distribution are blurring

ÅIncreasing number of generating resources located on 

the distribution network (e.g. wind turbines, solar arrays, 

microgrids, CHP)

ÅDemand resources playing larger role in traditional 

ñtransmission level functionsò (e.g. energy, reserves and 

emergency response) 

ÅRegional Power System Control entities need more 

granular locational and capacity information for both 

demand and supply resources located on the distribution 

network

ÅOperable Capacity analysis requires situational 

awareness of supply resources located within a region, 

regardless of which network they are connected to
© 2008 ISO New England Inc. 
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Much Higher Level of Uncertainty

Å Region wide System Operations and Planning become much more 

complicated under the Smart Grid

ï Renewable and distributed resources offset the load

ï Much more challenging long term and short term load forecasting

ïNumber, size and location of independently managed Microgrids

ïDemand response and price sensitive demand

ï PHEV

Å Requires more frequent interaction among system control entities 

and new optimization approaches

Å Requires new tools for both operations and planning
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Advanced Grid Control
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Source: Pacific Crest Mosaic - August 2009



New Tools

ÅOnline Stability Analysis

ÅOnline OPF

ÅDynamic Network Reduction

ÅCascading events detection

ÅMIP-based solvers

ÅStochastic and Robust Optimization
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New Grid Control and Planning

ÅCentralized vs. de-centralized
ïMicro-grids vs. large grids

ïMarket coordination vs. super-large markets

ïDistributed State Estimation

ïSPS/RAS

ÅSituational awareness

ÅVisualization

ÅReliability standards: reliability vs. cost-based approach 

to planning

ÅDeterministic vs. Probabilistic approach in planning and 

operation

ÅThe change in the concept of contingency

ÅAdaptive algorithms

© 2008 ISO New England Inc. 
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ISO New England Control Room
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ISO-NE and FERC Smart Grid  Policy 

Alignment

FERC Priority 

Areas

ISO-NE Projects Cyber

Security

Inter-System

Communications

Wide-area situational 

awareness

ÅWide Area Monitoring Systems with 

Phasor Measurement  Units

ÅSituational Awareness/Visualization

ÅReal Time Stability Analysis and Control

X

X

X

X

Demand Response ÅDemand Response (DR) Reserves Pilot 

ÅDemand Response Programs

ÅIntegration of DR Resources in ISO/RTO 

Operations for 2010

X

X

X

X

X

X

Electric Storage ÅAlternative Technology Regulation Pilot

ÅAdvanced Grid Simulator

X X

Electric 

Transportation

ÅAlternative Technology Regulation Pilot

ÅAdvanced Grid Simulator

X X
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Situational Awareness/Visualization

ÅRequires enhanced decision support capabilities and 

timely, accurate insight and advice to operators
ïIntelligent Alarm Processing

ÅEmploying Complex Event Processing tools

ÅProvide System Operator with Visual display of conditions

ÅEnhance decision support ability of operators

ïEMS/DSM integration

ÅRequires more granular spatial data on Supply and 

Demand
ïRequires greater interaction between System Control Entities 

than exists today
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Wide Area Monitoring

ÅRequires sub-second insight by Operators:
ïNASPI

ïPhasor Data Concentrator at ISO-NE

ïMore PMU installations

ïPMU only State Estimator
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CT  Generator Trips

and 

the ENTIRE Grid Responds!

Quebec HVDC Tie –

No Initial Response

NB Ties - Limited Response

Over 95% 

Initial 

Response 

from/to NY 

and PJM

When a Resource Moves or Trips…



Wide Area Monitoring cont
Load Concentrations –Generation Resources
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Wide Area Monitoring cont
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Inter-Control Area Monitoring
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View Reserves
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Situational Awareness cont
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Visual Samples
ISO/RTO Visualization Project 2006
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PMU SCADA State Estimator 

Physical and Operational 

Margins (POM) software

ÅOn-line Region Of Stability Existence (ROSE)

ÅOperating point trajectory within ROSE

Sampling rate:   20é60 per sec 4é10 sec 3 min

New level of on-line situational awareness by incorporating 

high rate PMU and SCADA data into calculation of stability 

margin and visualization

Outcome:   

Situational Awareness/Visualization cont
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PMU and SCADA data will be used for on-line calculation and 

visualization of Operating Point proximity to Stability 

boundary

Update Trajectory of Operating 

Point with PMU data rate

Power flow or 

Angle

Power flow 

or Angle Update Stability Boundary 

with SCADA data rate

Situational Awareness/Visualization cont



RT Stability Analysis and Control

ÅIncludes transient, voltage and thermal analysis

ÅObjective: Make the existing grid infrastructure more 

efficient

ÅPerform dynamic line ratings

ÅOperate system closer to real limits; increases overall 

capacity without any capital investment

ÅNo adverse impact on reliability

ÅProject in Progress

© 2008 ISO New England Inc. 
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Demand Response Integration

ÅDR is considered to be a capacity resource

ÅUsed only during capacity shortage condition and is 

reliability driven, not economics

ÅGranularity problem

ÅDR fatigue

ÅReliability tests

ÅTriggering conditions

ÅPerformance monitoring

© 2008 ISO New England Inc. 
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DR Control Granularity - Dispatch Zone

ÅA Dispatch Zone is a group of Nodes within a Load Zone 

that will be used to define and dispatch Real-Time 

Demand Response Resources or Real-Time Emergency 

Generation Resources 

ÅIt is similar to a Load Zone only smaller which will allow 

for a more granular dispatch 

ÅDispatch Zones will reflect potential transmission 

constraints within a Load Zone that are expected to exist 

during each Capacity Commitment Period

ÅAllows the ISO to dispatch resources where, when and 

how much needed to address potential system problems 

without calling upon other DR for no reason

© 2008 ISO New England Inc. 
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DR Granularity of Control
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Aggregator

Resources

Assets



Dispatch Zones under FCM
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