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Independent System Operators and Regional Transmission Organizations in Operation or
Under Discussion as of April 1, 2000

Alliance
TRANSCO

Regional
ransmission

In operation (ISOs have been approved by the Federal Energy Regulatory Commission and
the State public utility commission).

&N In planning or under discussion.

Midwest ISO has received FERC's conditional approval and has much of its infrastructure in
place. Actual operating date has not been announced.
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2020

200 GW

$206 billion USD

42% Share of Capacity Additions

o 2012
142 GW
$150 billion USD
39% Share of Capacity Additions

@ 2000
47 GW
$30 billion USD
21% Share of Capacity Additions

Source: “The Rise of Distributed Power”, Brandon Owens, GE Ecomagination, Figure 1, 2014.
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Characteristic Reciprocating engines Gas turbines Microturbines Fuel Cells Solar PV Small Wind

Typical size

range 20 KW-20 MW 10-100 MW 30-250 KW 5 KW-5 MW 1 KW+ 200W+
Representative
power efficiency 28-49% 21-45% 18-20% 35-60% - -
range (%] (HHV)

e Natural Natural d Renewable  Renewabl
Fuel options « Natural gos « Notural gas + Natural gas « Hydrogen enewable enewable

: « Alternatives « Alternatives « Natural gas resource resource

« Alternatives

st : Eg?twter : :i(t]\;/oter = AU Nm_
Thermal outputs « Hot water « Low/high | « Low/high None None

«» Low pressure steam g g pressure steam

pressure steam pressure steam

S EE 20-500 5-70 5-20 - -
(KW/MW)
Min start time 10 sec 10 min 60 sec 3 hours Immediate Immediate
Required fuej 1-45 100-500 50-80 0.5-45 NA NA
pressure (psig) {compressor) (compressor]
Noise Maoderate Moderate Moderate Low None Low
Favored o5  Power
applications « CHP . CHP Power Power Power Power

« Mechanical drive
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Macrogrid
(Utility or 1SO)

w3

v

+ Demand Response
* Load Shedding

» Optimal Dispatch
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Estimated Costs of Weather-Related Power Qutages

Billions of 2012 §
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Source: CEA estimates using data from Census Bureau, Department of Energy , Energy | nformation

Administration, Sullivan et al 2009.
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Potential Applications

Application Type Description Value

Displaces most

Energy Arbitrage Energy Buy low, sell high expensive generation
Generation Capacit Ener Time shift energy from Defers investment
pacty 9y off-peak to peak load in new generation
- : Reduce flow through overloaded Defers investment
EQUipRienticapci/ARERer) lines and transformers in new equipment
; : Time shift delivery of renewable Delays transmission line
Line Congestion Energy : 5 :
energy during congestion reinforcement
Wind/Solar P Reduce ramp rates of Contributes to reserve &
/ ower ; ¢ :
Smoothing wind and solar plants regulation requirements
: Rapidly inject and remove Contributes to regulation
Frequency Regulation  Power power for short intervals requirements
Resarves Powar Dispatch power Contributes to system
in < 10 minutes reserves
Govemmor'/ nertlal Poveer Provide dynamic equivalents of Reduces severity of
synchronous generators frequency variations
The cost of storage should be compared W Power
against conventional approaches B Energy

Primary Response  Secondary Response Tertiary Response

1sec 1 min 10 min 1hr 1da 1wk
liiackia T ]J ’]/ /Iill I T ITTIIIy T gieny IT‘]
—] é / Energy Storage Application Space
Governor —|’ / - .
} Auto Generation Control -I-lbl / ‘ ‘
Economic Dispatch | 9
1 I ; I-l Unit Commitment, Planning ] ==

! lHH1 [T B T S 1 ||H]H
0.1 10 100 100.0 1,000.0 10,0000 100,000.0 1,000,000.0
Time (s)

Each application for energy storage should enhance grid

operations and performance
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Flue Gas

CAVERN
(Gas Storage)

CAES Plant in McIntosh, Alabama
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100kW / 25kWh Beacon flywheel module

Beacon
POWER.
Composite Rim
Magnetic
Bearing
Vacuum
Hub Chamber
Motor Shaft

Construction of a Beacon plant
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Storage Grid Domain
Point of Interconnection 2014 2016 2018 2020 Total
Southern California Edison
Transmission 50 65 85 110 310
Dhstribuation 30 40 50 65 185
Customer Lo 15 25 35 85
Subtotal SCE o0 120 1ol 210 580
Pacific Gas and Electric
Transmission 50 65 B35 110 310
Distribution 30 40 50 65 185
Customer 10 15 25 35 85
Subtotal PG&E o0 120 160 210 580
3an Diego Gas & Electric
Transmission 10 15 22 33 a0
Distribution 7 10 15 23 55
Customer 3 5 8 14 30
Subtotal SDG&E 20 30 45 70 105
Total - all 3 utilities 200 270 365 490 1,325
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