
1

���������	

����
������������������������	

���������	
����

��
������������
	������	���������
�
���������
���� �

�
������
���������	���

���������	
����
��
��
��������
���
��
 



2

���	
����������
��	
��	�
�

Centralized 
Planning & 
Operations
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Generation

Transmission

Distribution

End-Use

Appliance

ESCO
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August 14th, 2003
Northeast USA Blackout
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Customer’s side 
of the meter

Utility’s side 
of the meter
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$450B investment needed by 
2020 to meet load growth with 
business-as-usual solutions

Volatile prices 
create economic 
uncertainty and 
boom-bust 
construction 
cycles

Massive, fixed assets 
sized for peak demands 
result in high mortgages & 
low asset utilizations

Vulnerable to 
natural or man-
made disruptions

System designed 
for linear power and 
financial flows; 
limits penetration of 
new, alternative 
technologies

Controls, planning 
& operations 
disconnect at 
enterprise 
boundaries

Consumers are 
passive participants
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ProcessProcess
ControlsControls

$$

kWkW

Planning & Planning & 
OperationsOperations
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01/24/08 CAISO Snapshot of Power Supply and Demand
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ProcessProcess
ControlsControls

Utility Utility 
RestrucRestruc--
turingturing

Advanced Advanced 
Information Information 
TechnologyTechnology

Competitive Competitive 
Distributed Distributed 
GenerationGeneration

Ubiquitous Ubiquitous 
CommuniCommuni--

cationscations

Planning & Planning & 
OperationsOperations

$$

disrupts linear 
power & monetary 
flow network

kWkW

collaborative linkages 
expressing value 
opportunities across 
enterprise boundaries

opens door for other 
distributed resources

markets or incentives expressing 
time- and location-dependent 
value of electricity provides 
incentive for collaboration

provides the means 
of taking advantage 
of opportunities 
expressed

agent-based transactive
controls and operations; 
diagnostics & prognostics; 
security & privacy; 
market monitoring

•• RealReal--time info, etime info, e--business, & market efficiencies business, & market efficiencies 
minimize need for inventory & infrastructure, minimize need for inventory & infrastructure, 
maximize productivity & asset utilizationmaximize productivity & asset utilization

•• Loads & resources collaborate as a Loads & resources collaborate as a ““societysociety””
with selfwith self--organizing & selforganizing & self--optimizing properties optimizing properties 
of free, fair marketsof free, fair markets

•• Stability, security, crisis management Stability, security, crisis management 
capabilities enhanced capabilities enhanced 

•• Rapid, seamless penetration of DG, storage, Rapid, seamless penetration of DG, storage, 
& load management& load management

•• Efficiency & Efficiency & renewablesrenewablescompetitivecompetitive
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Traditional Scada Systems

Manual
Metering

Equipment Maintenance
Contracts

AMR

Equipment Repair

DER Communication
And Control

A
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R
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Real Time
Control Systems

Economic Demand
Response Programs

Conventional
Zone

of Interest

DER Zone
of Interest

We are here today
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Develop a portfolio of energy management options:

• Device-level efficiency optimization – base load reduction
• Optimize energy use based on rate structure
• Demand-side management (DSM)
• Distributed generation/CHP
• Fuel arbitrage
• Renewables
• Economic demand response (EDR)
• Purchase optimization
• Regional aggregation

Energy Management is best viewed as portfolio optimization
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Neighborhood Response to System Failure
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Neighborhood A

Neighborhood B

Shared Resource
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DER units inactive (C0)

Lag in system response



10

7����	�	����
����	�

� &���
��	�
��
��&�1�8�(���



Two DER units connected in series
n=2

Three DER units connected in series
n=3

Threshold Trigger
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Variance reduction is faster in parallel-connected systems,
but this difference is transient
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East Coast 
blackout, 2003

Building Loads

480/277
Volts

208/120
Volts

Existing Service

750 KVA

G GG

Active
Load
Bank

Dump
Load

Control

Synchronous
Condenser

Controller,
Synchronizing
& Protection

Package

PLC

Full Service Plan

Reactive
Load

Small Generators

Capacitive
Load

480/277 Volt Bus

480/277 Volt Bus

Protection Symbols
50-Instantaneous Overcurrent
51-Time Overcurrent
50N-Instantaneous Residual Overcurrent
51N-Time Residual Overcurrent
32-Directional Power
67-Directional Current

G G G

480/277 Volt Bus

Controller,
Synchronizing
& Protection

Package

PLC

50
51

50N
51N

Utility
Meter

32 67

New Service Back to Substation

Large Generators
5 MW total

5000 KVA

G

Small Load Banks

Active
Load
Bank

Dump
Load

Control

Reactive
Load

Capacitive
Load

Large Load Banks

Synchronous
Condenser

480/277 Volt Bus

Protection
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