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Outline of Presentation

o Overview of energy storage projects in US

Energy storage applications with renewables and others

Modeling and simulations for grid regulations (frequency regulation,
voltage control, islanding operations, reliability, etc.)

Case studies

Real project examples



Energy Storage Projects and Capacity in US (from
DOE Database as of August 201.3)
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Source: Grid Energy.Storage, DOE Public Report, d—
December 2013



Major Applications of: Battery: Energy Storage System
(BESS)

Bl gy Sarvices
Electric Energy Time-Shift (Arbitrage)
Electric Supply Capacity

AncilaryServices

Regulation Distribution Upgrade Deferral

Spinning, Non-Spinning and Voltage Support

Supplemental Reserves
Other Related Uses

Source: 2013 Edition of the DOE/EPRI Electricity Storage

Handbook —



Schematic Diagram of a Typical BESS

Power Conversion System
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Modeling of BESS for Grid LLevel Applications - WECC
Overall Model Block Structure
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Modeling of BESS for Grid LLevel Applications - WECC
Overall Model Block Structure (Cont’d)

Generator/converter module (REGC_A) — This module processes real and reactive
current commands from the electrical control module, with feedback of terminal
voltage for lower voltage active current and high voltage reactive current management
logics, and outputs real and reactive current injections into the network model.

Electrical control module (REEC_C) — This module acts on active and reactive power
references from the plant controller module, with feedback of terminal voltage for
specification of a prescribed reactive control response during voltage dip and feedback
of generator power output for monitoring the state of charge (SOC) of battery and
setting appropriate active current limits. This module provides real and reactive
current commands to the generator/converter module with selection of real or reactive
power control priority.

~ Plant controller module (REPC_A) — This module processes frequency and active

power output of the BESS to emulate frequency/active power control. It also processes
voltage and reactive power output of the BESS to emulate volt/var control at the plant
level. This module provides active and reactive power commands to the electrical /
control module.



WECC REGC_A Model for BESS

Upward rate limit on Iq active when Qgen0 > 0
Downward rate limit on Iq active when Qgen0 < 0
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Source: WECC Wind Plant Dynamic Modeling Guidelines,” WECC Renewable Energy Modeling Task
Force, WECC Modeling and Validation Work Group, April 2014 [Online]. Available:



WECC REEC_C Model'for BESS

Wamingl!
Extreme care should be taken in coordinating
the parameters dbd1, dbd2 and Vdip, Vup so
as not to have an unintentional response
from the reactive power injection control loop.
dbd1, dbd2

If (Vt < Vdip) or (Vt > Vup) then
Voltage_dip =1
else
Volt; dip =0
oltage dip Vrefy (user defined)
Freeze State if Voltage_dip = 1
(feeesssscacacccssasaas

: Igmax

Vmax Igmax
ag

(Qext is initialized to a PfFlag
constant, or can be

connected to an external

model, e.g. wppc)

[+— Pgflag

0— Q priority
1— P priority

(Pref is initialized to a
constant, or can be
connected ta an extenal el
model)
dPmin

'

Source: “WECC Energy Storage System Model — Phase II,” WECC REMTF Adhoc Group on BESS
modeling, WECC Renewable Energy Modeling Task Force, WECC Modeling and Validation Work Group,

March 2015 [Online]. Available: /


https://www.wecc.biz/Reliability/WECC%20Approved%20Energy

WECC REPC_A Model'for BESS
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Source: WECC Wind Plant Dynamic Modeling Guidelines,” WECC Renewable Energy Modeling Task
Force, WECC Modeling and Validation Work Group, April 2014 [Online]. Available:
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BESS Modeling and Simulation in PSS®E

WECC Benchmark Test System
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Simulation of Underfrequency. or Overfreguency
Condition

BESS Discharge Power (MW)
BESS Charge Power (MW)
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Real System Study with BESS Model




Simulation of Contingencies Causing
Overfreguency or Underfrequency. Conditions
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BESS Charge/Discharge with Overfrequency or
Underfreguency Conditions
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BESS Project in Presidio, Texas (Reliability Application)

 Power quality and high number of outages were major. problems
» Repairs to troublesome 69-kV line took a long time
» Peak loads can exceed the weather-normalized load forecast
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Presentation Notes
Can have in excess of 6 MW of load
Notice the need for voltage regulation


Project in Presidio, Texas (Reliability Application) (Con}d)

o 4-MW, 24-MWh S&C PureWave® Storage Management
System, installed indoors

o System can back up entire
town for 6 hours
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Presentation Notes
Can have in excess of 6 MW of load
Notice the need for voltage regulation


S&C’s Project in Santa Rita Jail, Dublin, California

o Average daily power demand of 3 MW in the correction
facility

« Needed way to store excess power produced by on-site
generation, operate indefinitely without connection to local
gria

« Needed way to purchase power off-peak and use It during
high-cost peak demand periods
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Presentation Notes
Can have in excess of 6 MW of load
Notice the need for voltage regulation


Project in Santa Rita Jail, Dublin, California (Cont’d)

Two 1.2 MW Backup
Diesel Generators
PG&E Utility Interconnection
or “Point of Common Coupling”
and Static Disconnect Switch ’ — | Distributed Energy
’ - — . | Resources Management
System (DERMS)

1MW Fuel Cell
M Power Plant

Advanced
Energy Storage
System

Five 2.3 kW Wind Turbines

1.2 MW Rooftop
Solar Photovoltaic System

Alameda County Santa Rita Jail Microgrid

Microgrid Components



http://www.acgov.org/smartgrid

Project in Santa Rita Jail, Dublin, California (Cont’d)

o 2-MW PureWave® Storage Management System; can
power this facility for up to 2 hours

o [acility expects to save
nearly $100,000 a year
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Can have in excess of 6 MW of load
Notice the need for voltage regulation


XCEL Energy Storage Project

e 1 MW, 6 MW-hour Sodium-Sulfur Battery Storage System
e Peak Shaving, Wind Farm Output Smoothing, Energy.
Dispatching and Arbitrage




S&C Delivered BESS Projects

1-MW System — Minnesota

2 x 1-MW System — Canada 1-MW System — Scotland

4-MW System — California o 2-MW System — Ohio

e | )

2-MW System — Indiana 1-MW System — West Virginia

1-MW System — Australia r = =

1-MW System — New Mexico

2-MW System — West Virginia

b 4

4-MW System — Texas

1-MW System — Catalina A k

1-MW System — New Mexico

Advanced Lead Acid
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S&C has deployed 90% of the large scale NaS battery storage system in the US.
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