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Pumped Hydro - 70%
On Peak - Daytime

Transmission  Distribution 1 ton-hr of Cooling
13,000 Btu's
Source Energy*

Grid Storage 95% 93%

1.45kWh to create
1 ton-hr of Cooling

0.9 kW/ton §

Off Peak - Nighttime

Transmission Distribution
97% 96%

1 ton-hr of Cooling
9,650 Btu's
Source Energy*

Building

S
Sforage 1.0 kW/ton

1.07kWh to create
1 ton-hr of Cooling
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Grid Storage
1.45kWh to create
1 ton-hr of Cooling

Building

Storage

1.07kWh to create
1 ton-hr of Cooling
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Understanding End-to-End Cycle Efficiency
Grid Storage vs. Building Energy Storage

Pumped Hydro - 70%
On Peak - Daytime

Transmission  Distribution 1 ton-hr of Cooling
13,000 Btu's
Source Energy*

95% 93%

0.9 kW/ton IRE

Off Peak - Nighttime

Transmission Distribution
97% 96%

1 ton-hr of Cooling
9,650 Btu's
Source Energy*

_—
1.0 kW/ton

* Fossil Fuel Power Plant Eff.= 38%
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Generation Storage: Storage for Gas Plants

Gas turbines only operate at 100% of their rated capacity when the temperature outside is 59F.

GT POWER OUTPUT /
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Generation Storage: Storage for Gas Plants

Gas turbines only operate at 100% of their rated capacity when the temperature outside is 59F.

As temperatures climb into the 90s and beyond, greater than 10% of the capacity of the turbine
disappears.

GT POWER OUTPUT /
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Generation Storage: Storage for Gas Plants

Gas turbines only operate at 100% of their rated capacity when the temperature outside is 59F.

As temperatures climb into the 90s and beyond, greater than 10% of the capacity of the turbine
disappears.

By chilling below rated capacity and adding storage all lost power is recovered, and additional
power is generated.

GT POWER OUTPUT /
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Generation Storage: Storage for Gas Plants

Gas turbines only operate at 100% of their rated capacity when the temperature outside is 59F.

As temperatures climb into the 90s and beyond, greater than 10% of the capacity of the turbine
disappears.

By chilling below rated capacity and adding storage all lost power is recovered, and additional
power is generated.
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Generation Storage: Storage for Gas Plants

Gas turbines only operate at 100% of their rated capacity when the temperature outside is 59F.

As temperatures climb into the 90s and beyond, greater than 10% of the capacity of the turbine
disappears.

By chilling below rated capacity and adding storage all lost power is recovered, and additional
power is generated.

ADDITIONAL POWER

RECOVERED POWER

GT POWER OUTPUT
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Generation Storage: Storage for Gas Plants

Gas turbines only operate at 100% of their rated capacity when the temperature outside is 59F.

As temperatures climb into the 90s and beyond, greater than 10% of the capacity of the turbine
disappears.

By chilling below rated capacity and adding storage all lost power is recovered, and additional
power is generated.

Storage and ancillary services including ramping benefits are
captured as well.

ADDITIONAL POWER

RECOVERED POWER

GT POWER OUTPUT
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Generation Storage: Storage for Gas Plants

Gas turbines only operate at 100% of their rated capacity when the temperature outside is 59F.

As temperatures climb into the 90s and beyond, greater than 10% of the capacity of the turbine
disappears.

By chilling below rated capacity and adding storage all lost power is recovered, and additional
power is generated.

Storage and ancillary services including ramping benefits are
captured as well.

ADDITIONAL POWER

RECOVERED POWER
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Generation Storage: Storage for the Gas Fleet

-

* Stores off-peak power in form of chilled water for use

A i

hermal Ene rgy S'r'o'.ra‘ge' Z _‘

following day to increase gas plants peak output T T W e

Dominion Power- Warren County

Source: TAS Energy
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Generation Storage: Storage for the Gas Fleet

-

* Stores off-peak power in form of chilled water for use 22 . S8 orage it

-‘ '.‘

following day to increase gas plant’s peak output

* Increases output 10-20% according to plant's
weather conditions

Dominion Power- Warren County

Source: TAS Energy
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Generation Storage: Storage for the Gas Fleet

-

* Stores off-peak power in form of chilled water for use
following day to increase gas plant’s peak output

* Increases output 10-20% according to plant's
weather conditions

* More than 400MW installed in U.S.

—

me < Chiller Packages~
~C 3 .\-.'*A\. - y -
o~ .’ & - -, e

Dominion Power- Warren County

Source: TAS Energy
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Generation Storage: Storage for the Gas Fleet

P —,
-

* Stores off-peak power in form of chilled water for use 2 B ThermalsE i-gy's;ré'ﬁfg‘é'”'
following day to increase gas plant’s peak output T o IR Tk T B

* Increases output 10-20% according to plant's
weather conditions

* More than 400MW installed in U.S.

* Installed cost $25-300/kw for new builds and
$350-550/kw for retrofits
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Dominion Power- Warren County

Source: TAS Energy
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Generation Storage: Storage for the Gas Fleet

* Stores off-peak power in form of chilled water for use C2 e K Thermatentiay s;réffcfg‘é"'
following day to increase gas plant’s peak output e e ey e

* Increases output 10-20% according to plant's
weather conditions

* More than 400MW installed in U.S.

* Installed cost $25-300/kw for new builds and
$350-550/kw for retrofits

* Provides flexible capacity with discharge up to 12
hours and ramp capability under 4 minutes

Packages~

- . ;3\4

RO\ Sa .
= Chiller

Nty S

Dominion Power- Warren County

Source: TAS Energy
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California’s Duck Curve:
CAISO Projected Net Load,
2013-2020

*As a result of ramping
and intermittency, wind/
solar increase risk of
overgeneration

23,000

21,000

19,000

ﬁ. increased

rampp
17,000

Significant change
starting in 2015

15,000 Potential
over-generafion

13,000

|'|l|:'_:|l.':H:I = T - v ¥ - ¥ v - - i ¥ = -+ T B ¥ T w ¥ T 4 3 T —
¥ 10 17 12 13 14 15 1& 17 18 1% 220 Z1 22 23

ISource: CAISO 4

Source: Dumoulin-Smith, Julien. Not All Capacity is Created Equal. UBS
Investment Research. June 19, 2013
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California’s Duck Curve:
CAISO Projected Net Load,
2013-2020

*As a result of ramping
and intermittency, wind/
solar increase risk of

overgeneration
24,000
*Wind poses significant
21,000 .
- overgeneration
19,000 N == — . challenges because wind
- ﬁ. increased ]
o ramp . plants produce most

electricity at night

Significant change :
during low loads

starting in 2015 Potential

over-generafion

15,000

13,000
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California’s Duck Curve:
CAISO Projected Net Load,
2013-2020

*As a result of ramping
and intermittency, wind/
solar increase risk of

overgeneration
24,000
*Wind poses significant
21,000 .
- overgeneration
19,000 N == — . challenges because wind
- ﬁ. increased ]
o ramp . plants produce most

electricity at night

Significant change :
during low loads

starting in 2015 Potential

over-generafion

15,000

13,000

*Overgeneration also

e
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g 10 11 12 13 14 15 & 1WF 18 1 X 2 22 23 ConCern during large/s-l-eep

e S i exacerbated by increasing
Source: Dumoulin-Smith, Julien. Not All Capacity is Created Equal. UBS
Investment Research. June 19, 2013 renewable energy POr'thliOS
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Analyzing the Value of Storage

For lllustration Only

‘ Photovoltaic ~
|| Peak Shift _ Customer Side

Demand Peak Applications
Reduction

Regulation Services

. Market
Voltage Support Applications

Inertia Support

& Power Quality and
Reliability . Rate Based

Battery Cost T&D Upgrade Deferral Applications
Costs of Benefits of

Storage Storage

Using storage for multiple applications can be effective, J

Balance of Plant

Power Electronics

but is highly site-dependent

S

:PE' ERSEARCH STl
—
RESEARCH INSTITUTE

© 2013 Electric Power Resecarch Institute, Inc. All rights reserved 23
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Challenges to the Use of Energy Storage

Regulation For lllustration Only

Services

T&D Upgrade
Deferral Demand Peak Power Quality

Reduction and
Reliability

y | M

Costs of
Storage Potential Beneﬁts of Storage

LThe economic case for energy storage has not been straightforwardJ

‘ ':IE' | ELECTRIC POWER
—— -
RESEARCH INSTITUT

© 2013 Electric Fower Rezsearch institute, Inc. All rights reserved Q
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For lllustration Only

a4

Variahle

Cost Simple Technical Monetiz-
Sum  potential able
Potential
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Wind
Farms

Generation

Central or
.. Bulk Storage

Over S0MW

Possible Locations for Grid-Connected Energy Storage

Transmission

Fhoto
Voltarc §

Commercial

L Residentia
& Industrial i

Distribution :

e .

b

Y

Substation
~ (requiring assembly)

Up to 10MW

~ GES Fleet - Industrial

v_/

T

Container/ Commercial / Residential /
~Small Commercial

| - |
L b

Up to 2MW Up to 1MW Up to 100kW

NOTE: Each location imposes restrictions on both the number of applications available for that location as well as the ES technologies appropnate for the site.
Click on "Location Constraints™ for more details.
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The Roles of Storage on the Grid

Bulk Storage

<&

Ancillary Services

Distributed
Storage

P

Distributed

Storage
Residential V2G

il EFPRI | we

® 2013 Electric Power Research Institute, Inc. All rights reserved

/

= -
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Chemical Substation: Transformer Load
Three Worst Days of Summer (7/19, 8/2, and 8/3/2000)

Maximum Load: 20.305 MVA Maximum Load: 21 234 MVA

(without Battery)

A *1;3%
i

Shol i DA SR
ﬁ."'ﬂ,‘."_'.

k¥ ayy ::.--.Ew":-.‘f#*.x. i by T
_A.I_..# .'Eu wﬁ'ﬂ‘:.__"; o :f‘j',‘
Ty

Minimum I',na/ d: 11.537 MVA " Minimum Load: 12.735 MVA
(without Battery) (with Battery)

<
2,
o
=
c
—

Charge: 1.2 MW, 7 hrs

Discharge: 1.0 MW-peak, 8.5 hrs
L N\

2:00 4:00 6:00 800 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00
__Time -EST [h]
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Savings [$/Day]

200

100

-100

-200

Daily Energy Savings from AEP Energy Storage

(July 2006)
Monthly Energy Savings = $10.000/MW 33l
(at full battery capacity) -
750

G50

/

Daily Savings

(S
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(-

450

350

a 250

o ant A AP S AR A

VAW VAVATR TRV VRYRVATAVATS' - 3l

150
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1 3 5 li 9 11 3 1% 17 19 21 23 25 27 24 3]

Dav of Month
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Chemical Substation: Transformer Load

Estimated Monthly Savings from AEP Energy Storage

( Julv, 2006 - NMav, 2007)
12 S 4

S11,.300

S10.100

1O D) +

T S 57.00'
$.000 +— — - <SII00 - : -

: $4,000 53,200 S4.000
e oo $2.600 S3.000
B l l l
T : I " . . ’ ' : '

Jul e Aug' 06 Sep 06 O'06 Now 06 Dec06 Jan07 FebO7 Mar07 Apr 07 May ¥

\‘ ‘UII‘”
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1.2 MW, 7.2 MWh Distributed Energy Storage System in Chemical Station, North Charleston

‘ v - ,' -«
’,-ﬂf "'N‘ -ﬁ..t"’.’,.‘_??'
; -r".‘\ > '. (A .‘..“.' !

- th
T APPALACHIAN Started Operation on June 26" , 2006 NGK Insulators Ltd

POWER S&C Electric Co

=/ S5/ )
A unit of American Electric Power DOE / SANDIA
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) 98 MW Laurel Mountain Wind Project
oy with 32 MW BESS
Serving PJM Market
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