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PJM as Part of the 
Eastern Interconnection

KEY STATISTICS
PJM member companies 600+
millions of people served 51
peak load in megawatts 144,644
MWs of generating capacity 164,905 
miles of transmission lines 56,250
GWh of annual energy 729,000
generation sources          1,310
square miles of  territory 164,260
area served 13 states + DC
Internal/external tie lines       250

• 26% of generation in 
Eastern Interconnection

• 23% of load in 
Eastern Interconnection

• 19% of transmission assets in 
Eastern Interconnection19% of U.S. GDP produced in PJM

6,038 
substations

www.pjm.com
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 Greatest Engineering Achievement of the 20th

century – National Academy of Engineering

 40% of Energy Consumption for Electricity

 164000 circuit miles – about 500 transmission 
owners & about 3000 load serving entities

Today’s Grid
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 Energy on demand
• No busy circuits
• Rarely dropped service (99.97% reliable)
• Many temporary faults cleared & lines restored 

in less than a second 

 Voltages regulated to within 5%

 Frequency very close to 60 Hz
• Continuous ‘Load Following’
• Optimal Security Constrained Generation 

Scheduling

Today’s Grid – What Does It Provide
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PJM’s Role in the Smarter (Robust) Grid

Generation

Distribution

Smart Metering, Demand 
Response, PHEV, Energy 
Conservation and Distributed 
Resources

SCADA and Phasor
Measurements

Energy Storage

ISO/RTO

Two-Way Communication and Control

Substation Automation
Customer

A smart grid is the electricity delivery system (from point of generation to point of 
consumption) integrated with communications and information technology
for enhanced grid operations, customer services, and environmental benefits*

*DOE: Funding for Smart Grid Activities presentation

Presenter
Presentation Notes
Key concept here is two-way communication & control….Data from smart meters will help enable the Smart Grid, especially as it relates to operations and engineering to make decisions on both the outage response, transformer load management, and system planning.  Future T&D uses for data from smart metering include:Load management/control for grid reliabilityOutage notificationsCustomer distributed generation monitoring and controlDistribution transformer health monitoringPower quality monitoring



PJM©20106

Bottom line….
You have to love Transmission & Storage

• If you like wind…
• If you like nuclear …
• If you like clean coal …

www.pjm.com
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Generation

Transmission  &  Sub-transmission

SCADA and Phasor 
Measurements

Phasor Measurement

Presenter
Presentation Notes
Key concept here is two-way communication & control….Data from smart meters will help enable the Smart Grid, especially as it relates to operations and engineering to make decisions on both the outage response, transformer load management, and system planning.  Future T&D uses for data from smart metering include:Load management/control for grid reliabilityOutage notificationsCustomer distributed generation monitoring and controlDistribution transformer health monitoringPower quality monitoring
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Wide-area situational awareness

8

Measurements give us current 
system states:

For true situation awareness we 
need to know;

 Where the edge is
 How close to the edge we can 

safely (reliably) operate
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Off-line Applications

9

Phasor data 
measures system 
dynamic behavior 
during disturbances 
that simulations 
can’t yet  accurately 
predict 
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Voltage Stability 
Monitoring

SynchroPhasor Applications

1-2 years 2-5 years >5 years

Disturbance Analysis

Determination of Accurate 
Operating Limits

Angle & Frequency 
Monitoring

Real-time Control of 
wide-area network

System 
Restoration

Improve State 
Estimation

Wide-area 
monitoring

Model Derivation 
& Validation

Detection of 
imminent Cascading

Real-time control 
of corridors
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Ready to deploy

Needs moderate development

Requires more research

Inter-area Oscillation 
Detection & Analysis
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Grid Energy Storage

Generation

Transmission  &  Sub-transmission

Presenter
Presentation Notes
Key concept here is two-way communication & control….Data from smart meters will help enable the Smart Grid, especially as it relates to operations and engineering to make decisions on both the outage response, transformer load management, and system planning.  Future T&D uses for data from smart metering include:Load management/control for grid reliabilityOutage notificationsCustomer distributed generation monitoring and controlDistribution transformer health monitoringPower quality monitoring
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www.pjm.com

* In planning queue - August 2009
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Grid Storage Types and Availability

www.pjm.com

Pumped Hydro Compressed Air Flywheels

Stationary Battery Mobile Batteries Thermal Storage

http://mypages.iit.edu/~smile/weekly/pumpstor.jpg�
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The Smart Home

Residence

Presenter
Presentation Notes
Key concept here is two-way communication & control….Data from smart meters will help enable the Smart Grid, especially as it relates to operations and engineering to make decisions on both the outage response, transformer load management, and system planning.  Future T&D uses for data from smart metering include:Load management/control for grid reliabilityOutage notificationsCustomer distributed generation monitoring and controlDistribution transformer health monitoringPower quality monitoring
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Smarter Grid Network – Smart Home

Grid
Signal

• Smart Appliance
Energy Management

• Smart Charger (PHEV)
Storage

• Ancillary Services Signals
• Price Signals
• Generation Mix
• Reliability Control
• Load Curtailment

Aggregator

http://www.pkafka.com/images/home_icon.gif�
http://www.pkafka.com/images/home_icon.gif�
http://www.pkafka.com/images/home_icon.gif�
http://www.pkafka.com/images/home_icon.gif�
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PHEV:  Grid Benefits

--Photo:  EPRI

It’s really going to happen.

www.pjm.com
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PHEVs:  The Momentum Builds

www.pjm.com

1902 Lohner-Porsche PHEV

2009 BWM MINI E

Battery Electric Vehicles
2010 Coda Automotive Sedan
2010 Mitsubishi iMiEV BEV
2010 Nissan LEAF
2010 Ford Battery Electric Van
2010 Tesla Roadster Sport EV
2011 Peugeot Urban EV*
2011 Renault Kangoo Z.E. 
2011 Renault Fluence Z.E.
2011 Tesla Model S
2011 BYD e6 Electric Vehicle
2011 Ford Battery Electric     

Small Car 
2011 Opel Ampera Extended         

Range BEV*
2012 Fiat 500 minicar

3/31/2010

Battery Electric Vehicles
2012 Renault City Car* 
2012 Renault Urban EV*
2012 Audi e-tron
2013 Volkswagen E-Up*
2016 Tesla EV

Extended Range Electric Vehicles
2010 Chevy Volt Extended Range 

Plug-in Hybrid Vehicles
Fisker Karma S Plug-in Hybrid 
2010 Toyota Plug-in Hybrid 
2011 BYD F3DM Plug-in Hybrid
2012 Bright Automotive IDEA 

Plug-in Hybrid
2012 Ford Plug-in Hybrid
2012 Volvo Plug-in Hybrid

Presenter
Presentation Notes
Vehicle and Smart Grid IntegrationEngagement of RTO/ISOs

http://www.stefanoparis.com/piaev/bmw/MINI-E/2008.10.25MINI-E/2008.10.25MINI-E.html�
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Vehicle Economic Charging
Assumptions
• 1,000,000 PEV Vehicles by 2015
•~18% of U. S. Population is within the PJM territory
• ~ 180,000 PEV Vehicles in the PJM Territory
• ~ 33** Miles traveled per vehicle per day
• ~ Average vehicle fuel usage:  22** mpg
• ~ No tax compensation

Daily cost per PEV Vehicle
Gasoline:  33 miles/day * $3.00 /gal  // 22 miles/gal = $4.50
Electric:     33 miles/day * $.07 / kWh // 4 miles/kWh = $0.60

Annual cost/savings
Cost: 
Gasoline: 365 days * $4.50 /day = $1650
Electric: 365 days * $0.60 /day = $220
Savings:
~ $1400 annually per vehicle
180,000 vehicles (within PJM) = ~ $250,000,000 annual** U.S. Bureau of 

Transportation Statistics

http://www.511contracosta.org/wp-content/uploads/2009/11/nissan-leaf.jpg�
http://www.google.com/imgres?imgurl=http://www.pjm-eis.com/gats/downloads/pjm-logo-eis.jpg&imgrefurl=http://www.pjm-eis.com/gats/gats.html&usg=__c_f_7CIIoV95jciBRiDh-jnJvg4=&h=64&w=166&sz=61&hl=en&start=39&um=1&itbs=1&tbnid=OwWMFEUDc0aAVM:&tbnh=38&tbnw=99&prev=/images%3Fq%3Dpjm%2Binterconnection%2Blogo%26start%3D20%26um%3D1%26hl%3Den%26safe%3Doff%26sa%3DN%26biw%3D1003%26bih%3D575%26ndsp%3D20%26tbs%3Disch:1�


PJM©201023

Load (MW x 1000)

Hour of Day
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Vehicle Charging Impact on PJM
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Capacity for 
25+ million 
PEVs

Charging Energy
180,000 PEV Vehicles * 33 miles // 
4 miles/ kWh = ~ 1500 MWh

~ 500 additional MW over 3 valley 
hours
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Fleets are of particular interest
• Typically well established, consistent routes
• Return to same location for long term parking
 Controlled infrastructure costs
 Parked for 10-12 hours in low electric load periods

• Electric vehicle promotion

Fleet Vehicles
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22,000 Vehicle Fleet in United States
Average ~100 miles per day



PJM©201026
www.pjm.com

218,000 Vehicles in United States
Average ~18 miles per day
MPG = ~10
Parked 12 hours at same location
Great public visibility
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480,000 Vehicles in United States
Average ~66 miles per day
MPG = ~7
Parked 12 hours at same location
Parked for 3 months
Great public visibility
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Load in GW
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Regulation

Grid Benefits – Frequency Regulation



PJM©201029

Fast Regulation: Speed Matters…

A fossil power plant 
following a regulation 
command signal

Energy Storage 
(batteries / flywheels) 
accurately following a 
regulation  command 
signal

Energy Storage Output
Regulation Signal



PJM©201030

AES Grid-Scale Energy Storage System

Operational Details
• Altairnano, Inc – Lithium Ion nano titanate battery

• Energy: 300 kWh
• Efficiency: 90% round trip

• Power: 1 MW for 15 minutes  
• Usable Charge Range: 5% - 99%

www.pjm.com

Presenter
Presentation Notes
A new demonstration capability of stationary batteries with 1Mw of capacity will allow immediate participation in the regulation market.Such a system operated by AES is operational in the PJM territory.  In fact, the AES Ancillary Services Unit will be hosted at PJM’s Headquarters for the next 9-12 months.A next step will be to aggregate the AES Ancillary Services Unit with the MAGIC eBox to enable the vehicle and the trailer to both participate in the PJM regulation market.
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Grid
Signal Frequency Regulation Signal

Aggregator

1.015 MW

Frequency Regulation  ─ “Cash Back” for  Vehicles

$700/day
1 MW

$6/day
0.015 MW

www.pjm.com

1.075 MW
$30/day
0.075 MW

http://www.google.com/imgres?imgurl=http://www.pjm-eis.com/gats/downloads/pjm-logo-eis.jpg&imgrefurl=http://www.pjm-eis.com/gats/gats.html&usg=__c_f_7CIIoV95jciBRiDh-jnJvg4=&h=64&w=166&sz=61&hl=en&start=39&um=1&itbs=1&tbnid=OwWMFEUDc0aAVM:&tbnh=38&tbnw=99&prev=/images%3Fq%3Dpjm%2Binterconnection%2Blogo%26start%3D20%26um%3D1%26hl%3Den%26safe%3Doff%26sa%3DN%26biw%3D1003%26bih%3D575%26ndsp%3D20%26tbs%3Disch:1�
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