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Project Objectives

B Promote New Energy
Storage Technologies that
can achieve California’s long
range energy goals:

m Increased energy utilization
efficiency

® Reduced demand for out of
state energy procurement

® Reduced overall energy costs
to consumers

m Total emissions reductions




DAS Objectives

. D evelop Cus tomiz ed de Sign Select Measured Parameters

specifications associated with the
DAS for each demonstration

Provide a safe and secure means
of data transmittal, storage, and
backup for each demonstration

Supply a web interface to display
system info and provide query-

able electric parameter and

operational information




DAS Design Specification

Must be able to communicate with the on-site
data acquisition system at any time during the
day to obtain system status info

Data files will be time stamped, stored on site
and downloaded to the central server once
daily

For redundant storage and in the event of a
communication problem, the on-site storage
must hold a full year of site data

Acquired data will include power parameters
and overall system operational parameters




DAS Design Questions

m Hnergy or Power Quality

m Time Stamp Source and
Resolution

m What 1s our desired output
m How to Display the Data




Z.BB Demo Custom DAS Needs

For the ZBB location system availability information will be a
key element of success

Availability 1 (online ready to discharge/offline for repair)
Availability 2 Charge state (% available capacity)
Availability 3 (system status -

charging/discharging/idle waiting)

Availability X (other measurable
availability parameters as defined by
the project team or during project data
analysis)




FESS Demo Custom DAS Needs

For the FESS demo key elements of
success include:

Availability 1 (online ready to
discharge/offline for repair)
Availability 2 Charge state (% available
capacity)

Electrical response time to a change of
state signal

Opvertlays of desired power profile vs
actual response

System Charge/Discharge/Efficiency
profile
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Energy Storage Demo Website

Homepage detailing the project and the project objectives

Separate main-page for each demonstration project

Electrical configuration

information (one line T ——
diagrams) detailing each

application

Summary status pages

Password protected area
= Analytical Tools

® Query Help Instructions

m Saved and Pre-Defined Charts
and Graphs
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Sandia
National
Laboratories

CEC/DOE Energy Storage Initiative

A California Energy Commission and U.S Department of Energy Joint Project

¥ou are here: Home

Home Welcome to the CEC/DOE Energy Storage Initiative Web Site

ZBB Demo 7 g5 £ : : ;

FESS Demo The project, sponsored by the California Energy Commission (CEC) and the LLS. Department of Energy (DCE), involves the installation of up to five advanced energy-storage
Microgrid Demo technologies within California. To track the performance ofthese technologies, power manitaors will be installed at each demonstration site. Energy-related parameters, such as

voltage, current, energy in, and energy out, will he sampled, and the resulting data will be stored for subsequent analysis and presentation. For tips on navigating this site,

Project Participants nleage click here.

Contact Us

Related Links:
CEC
DOE
SNL
ESA

Logout
Username: ddorr

A Zinc Bramine flow Eatiery installed A FI\,uruHee‘I. E‘ner‘g"\,r .St.o.lage. System A D.yna.mic-: Stabilizer u‘sing

at a Facific Fas & Electric substation (FESS)to demonstrate the feasibility Ultracapacitor to provide ride through
to mitigate distribution congestion, | of using a fhawheel to provide for power interruptions to critical loads
provide voltage support, and reduce frequency regulation services to the | and mitigate poweer quality problems
peak loads in the distribution system California Independent System | on awind turbinefhydro microgrid for

transfarmer. Operator (Cal50). ithe Palmdale Water Treatment Plant.

Jff% ~ P —== J Distributed
©DZBB Beacon ( p\‘in_ soLuTioNs  Utility
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&2 Northern |Mjaxwell SATCeN
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This site is managed by EPRI Salutions, Ing, v eprisolutions.com. Email the webmaster at webmastern@eprisolutions.com.
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c Bromine Battery (ZBB) Energy Storage Demonstration - Mozilla Firefox
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Sandia
National
Lahoratories

CEC/DOE Energy Storage Initiative

A California Energy Commission and U.S Department of Energy Joint Project

You are here: Home B Introduction to the Zinc Bromine Battery (ZBB) Energy Storage Demonstration

Home Zinc Bromine Battery (ZBB) Energy Storage Demonstration

ZBEB Demo * Project Overview

B wtroduction & Why is CEC/DOE Sponsoring This Project

B Status < What are the Benefits to California

. Site and System Summary
| |
e EaicipantS Technology Description

How the Technology is Being Applied
Concepts on Use of the Technology

+* + ¥ &

FESS Demo
Microgrid Demo

Project Participants Project Overview
Contact Us

This demonstration project utilizes a zinc hromine

Login battery storage system installed at an electric ufility ,r:-r“x
distribution substation to reduce overloads during peak = Ly

demand periods. The zinc bromine battery is discharged 288

when the substation circuits exceed a predefined

threshold. The objective is to defer a suhstation

transformer upgrade until all associated planning and
permitting can be accomplished,

The California Energy Commission is supplying project
implementation funding and the US Department of
Energy ESS program is sponsoring and funding the data
management, callection and analysis activities. The data
management activities are directed by Sandia Mational
Lahorataries through contracts with EPRI Solutions Inc and Distributed Utility Associates.

400Kh Zinc Bromine Battery

Why is CEC/DOE sponsoring this project

This project offers a unigue opporunity to demonstrate and hetter understand the capabilities of a
nesy energy storage systerm and compare the economics and lifecycle costs to some ofthe other
T&D deferral options available.

What are the benefits to California

The henefits ta the state of California, based on a successful demonstration ofthe Zinc Bromine
Battery technalogy would be the ability to reduce peak demand an the elactric power systerm while
continuing to suppart custamers [oads and allowing those custamer that may narmal see a
blackout with continuing with process operation and production. The technology has the potential
to relieve transmission and distribution capacity at needed times. This is also one ofthe first
demaonstration projects where real time maonitaring and data collection are heing used to measure
systemn performance and validate the systern performance claims.

[ TP
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How it Works

The battery consists of a zinc negative electrode and a bromine positive electrode
separated by a microporous separator. An agueous solution of zinc/bromide is
circulated through the two compartments of the cell from two separate reservoirs.
The electrolyte stream in contact with the positive electrode contains bromine
which is maintained at the desired concentration by equilibrating with a bromine
storage medium. The bromine storage medium is immiscible with an aqueous
solution containing zinc bromide. All battery components are made from a bromine
inert plastic.

Unlike the lead acid and most
other batteries, the zinc/bromine
battery uses electrodes that END BLOCK
cannot and do not take part in the 8
reactions but merely serve as —
substrates for the reactions. - 2P oSCREEN
There is therefore no loss of o o
performance, as in most
rechargeable batteries, from
repeated cycling causing
electrode material deterioration.

CELL STACK

BIPOLAR ELECTRODE-" B~

VWhen the zinc/bromine battery is SEPARATOR - e
completely discharged all the TERMINAL ELECTRODE
metal zinc plated on the negative END BLOCK

electrodes is dissolved in the
electrolyte and again produced the next time the battery is charged. In the fully
discharged state the zinc/bromine battery can be left indefinitely.

The zinc/bromine battery offers 2 to 3 times the energy density (75 to 85
watt-hours per kilogram) with associated size and weight savings over present
lead/acid batteries. The power characteristics of the battery can be modified, for
selected applications. Therefore, the zinc/bromine battery has operational
capabilities which make it extremely useful as a multi-purpose energy storage
option.

How It Is Being Applied in This Demonstration

TBD




7 Flywheel Energy Storage System (FESS) - Microsoft Internet Explorer
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CEC/DOE Energy Storage Initiative
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Y¥ou are here: Home B Demonstration of a Flywheel Energy Storage System (FESS)

Home

ZBB Demo
FESS Demo
Microgrid Demo

Project Participants
Contact Us

Logowt
Username: ddarr

Demonstration of a Flywheel Energy Storage System for Frequency Regulation Services

&« Project Overview
< Why is CECDOE Sponsoring This Project
o What are the Benefits to California

= Site and System Summary

« Technology Description

« How the Technology is Being Applied

» Concepts on Use of the Technology

Project Overview

CAISO has indicated that if fast responding regulation systems were added in significant guantity
to the electric powwer grid the total amount of regulation services required would be reduced. One
concept to provide this frequency regulation would be the use of wwheel energy storage rather
than by cycling the output of & generatar. A flywheel waould quickly add and subtract power {(as
directed by Regional Transmission Cperatar signals) butto have a netzera power consumption.
Using this concept, the fiywheel recycles energy (stare energy when generation exceeds loads;
discharge energy when load exceeds generation) instead of trying to constantly adjust generator
output.

The California Energy Commission is supplying project implementation funding and the US
Cepartment of Energy ESS program is sponsoring and funding the data management, collection
and analysis activities. The data management activities are directed by Sandia Mational
Labaorataries through contracts with EPRI Solutions Inc and Distributed Utility Associates.

Why is CEC/DOE Sponsoring This Project

Thig project is being sponsared to determined the relative benefits of having faster respanding
generation resources. Additionally, understanding the respaonse time of a fywheel storage system
as compared to traditional generator response time will provide a hetter determination of

the required sizing for flywheel and other fastresponse systems.

What are the Benefits to California

When aggregated to reach appropriate outputfinput levels there are many henefits that a flywheel
energy storage systern (FESS) can offer to the electric grid. The primary benefits are:
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How the System Will Work

The dermonstration FESS is composed of an array of flywheels and motorgenerator drives. From
each fiywheel, two bi-directional inverters are connected back to back to convert the high frequency
outputfinput of the flywheel into a regulated 480°%, 60 Hz inputioutput that in turn interfaces with a
common AC bus. A step-up transformer is required between this commaon bus at 480 %, and the
grid interconnection; since the electrical grid interface is an electrical distribution line at much
higher voltage level {i.e. 35, 69, 1145 k). The high voltage side of the transformer i a shunt
connaected to the high-voltage electric arid bus.

Clean Technology

. + Contains No Harmtul Fuel

Maintenance Free Laad, or Acid Components
+ 20 Year Operating Life

+ No Seheduled Dawn-time

Self Contained Vacuum System

+ Eliminates Air Drag and
Component Corrosion

Composite Flywheel Rim = Patent Protectad

+ Capable of High Spead

+ Unigue Manufacturing Process lo
Ottain Maximum Energy Density

+ Palent Protecled

Magnetic Bearing System

+ Unique Touchdown Baaring
Syster Patent Panding

 Faatures for Earthquake

MotariGenerator
+ Instantaneous Conversion
of Stored Kinetic Energy
+ Low Loss Parmanant Magnat

Operation Palent Protectad

Each fiywheel module is associated with an electronic conversion module (ECM). ltincludes a set
of inverters and associated controllers as shown in Figure 5. One inverter will convert the variahle
speed output form the iywheel Mator iGenerator to a DIC huss. The second inverter will convert
the DI buss back to a constant 60 HZ at 480 %ac, The seven ECM's will operate in parallel and
either charge or discharge the flywheels at a power level as directed by the master controller.

Back to Top
How the Technology is Being Applied

The Smart Energy Matrix (SEM) consists of an array of flywheel energy storage modules and
power conversion electronics packaged in a standard 12'x 40' shipping container. This mohile

>

| <

chpocum.. | ) vahoo! S
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Site and System summary

The system will be installed and demonstrated at the PGEE DUIT facility in San Ramaon,
California. Itwill be run for a period of 3-6 months to demonstrate its ahility to interface with the |3
signals and grid. Data will independently collected through funding provided by the LS. DOE anc
used to estimate the systermn performance over time. In this demaonstration Beacon Power is
providing seven 145 kKW vwheels in a parallel configuration. This combination is referred to as a
Srmart Energy Matrix (SEW). The SEM will follow the regulation signal within a fraction of a percent
LInlike generation based frequency regulation, no fuel is consumed, and no emissions are
generated. Analysis of presently used frequency regulation signals indicates that an energy
storage moadule, which can store or deliver ThW for 15 minutes, would provide regulation service
superiorto services currently provided by generators.

Regulation
Signal

Deme Flywheel
Storage Syslem

ABAL, Bk

|

Lol Bank

Once installed at the test site the FESS will undergo a series of development test evaluate the
systemn response to various possible regulation signals from the existing signal to much faster
changing signals. The system contrallerwill be validated and optimized. Yarious test signals car
he evaluated including typical regulation signals from CAISC ar other IS0's. Faster acting signals
such as the ACE signal could also be putin to evaluate the FESS response to faster signals. The
output poweer will be plotted and compared ta the requested regulation signal. AFESS system
model will be completed and correlated with test results so additional variations can be evaluate
quickly. After development testing is completed the FESS will he commissioned and put on
automatic contral.

Back to Top
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Y¥ou are here: Home W Introduction to the Microgrid Energy Storage Demanstration

ZBB Demo
FESS Demo

Microgrid Demo

Project Participants
Contact Us

Logout
Username: ddorr

Hame EnergyBridge-Enabled Microgrid Energy Storage Demonstration

* Project Ovendew
< Why is CEC/DOE Sponsoring This Project
< What are the Benefits to California

Site and System Summary

Technology Description

How the Technology is Being Applied

Concepts on Use of the Technology

Project Overview

The Palmdale Water District (Palmdale)
in California has installed a wariety of
news distributed energy resources to
supply facility pawer in an
enviranmentally friendly way. These
resources include a 950 kilowatt wind
turbine, a 200 Kilowatt natural gas
generatar, and a 250 kilowatt water
turbine generator. It is expected that with
these new distributed generation
sources, the facility will be ahle to supply
the majarity of its electric power needs
for the near future

To supplement the electrical ti'

performance ofthese technologies, Morthern Power Systems will develnp and demaonstrate a 450 kilowatt
storage system called the EnergyBridge™ electric energy storage systern (ESS), using funding fram
Falmdale and the California Energy Commission (CEC). Data callection and management far this system
demonstration is heing funded by the U8, Department of Energy {DOE). The systerm will be installed at
Falmdale's Clearwell Pumping Station {Clearwell). The EnergyBridge™ EES utilizes ultracapacitors
coupled with advanced power electronics and controls to maintain electric grid stahility even during brief
power system wariations and momentary power interruptions.

The California Energy Commission is supplying project implementation funding and the US Department
of Energy ESS program is sponsoring and funding the data management, collection and analysis
activities. The data management activities are directed by Sandia Mational Laboratories through contracts
wiith FPRT Snlitinne Ine and Nistribntad | tilite 8cenriates
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Site and System Summary =

The 450 KWy EnergyBridae componentincludes the development and intearation of two ultracapacitor
maodules, a static izolation switch, system manitaringicontrals, data acquisition, and human interface. The
povwar netwark will combine power generation, advanced load management and critical energy starage
elements utilizing advanced controls and switching technologies.

Foweer sources include a 950 KW wind turhine, a planned 250 kv hydroelectric plant, an existing 250 kKA
natural gas generator, and existing 800 KW and 350 kYW diesel generatars. The total load atthe site is
approximately 1.25 M. The EnergyBridge™ system will be designed to aperate in parallel with the dtility
as aline interactive device, continuously praviding voltage suppor, power factor carrection, harmaonic
improvement, and transient mitigation. This architecture will not only facilitate integration of backup
generatars, but also allow for easy integration of additional distributed generation (D) devices such as
fuel cells, microturbines, and wind turbines into advanced power netwarks.

Water Treatment Plant
Loads — 495 KW

1 1
| Treatment Plant | 1
1| Loads - 150 kw i NG o CSIE;:?\@II
i i Lol 250 kW s
1| Futre Loads ' 250 kW
! 50 kW 1
1 1
1 1
I| Aves Booster i
1| Loads 1206w [T
i !
I [ Hypochlonite :
! Traatment 1 225 kW [ 225 kW
! )
a M Wina y 3~ Utility
Turbine Ultracapacitor H ¥ Switch
50 kW Energy Bridge g !
Diesel 2 % 225 kw
Back-up
1000 kW G
) e Utility
LM '\}I,l Grid

Falmdale Energy Bridge Project Electrical One Line Diagram
Back to Top
Technology Description

The EnergyBridge™ EES utilizes ultracapacitors coupled with advanced power electronics and contrals to
maintain electric grid stahility even during brief power system variations and momentary power
interruptions.




Password Protected Area

m Provides project participants with secure area
access to the raw data and the analytical tools
necessary to evaluate and understand the
acquired site information

Prompt

i | Enter username and password for "wwwi.energystoragedemo.net” at
http://wanwi.energystoragedemo.net

User Mame:

| Insert Username

Password:

Use Password Manager to remember this password.

oK Cancel
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Energy Storage
Demonstration Project

A California Energy Commission and U.S Department of Energy Joint Project

You are here; Home W Query the ZBB Historical Data [ Quety Instructions ]

Home Query the Historical Data of the ZBB Energy Storage Demonstration
ZBE Demo
B Introduction | Click Here to Query More Than One Monitor at One Time || Parameters of the Selected Power Monitor
m S?atus_ Select ZBB Monitor Date Range (mmJ/ddinay) Voltages Currents Power PO
| Historical Data BB = :
B Demo Participants nput v [ 0
| Calendar | | Calendar | N 1A 1 s [ THOueN
BART Demo Type of Presentation VBN I [ wmrm [ tHowEN
Microgrid Demo Time Range WEN = [ wweemel ] THowEN
Project Participants 12:00 Ak | % o | 12:00 40  » ||| [ wee O O rem [ thoia
Contact Us [ wec O 7 orFm [T THowe
Ouick Report (DateTime) ] vea [ ave e e
Use M | Set - [ swireag O wrr_o O tHom
-
se hanual Settings O] vinarg O

[ Submit ] [ F{eset] [ Select All Parameters ] [ Deselect All Farameters ]

Thiz site i= managed by EFRI PEAC Corporation, »wwew.epri-peac.com. Email the webmaster at webmasteri@epri-peac.com.
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A Query Instructions - Microsoft Internet Explorer
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Energy Storage
Demonstration Project
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You are here: Home B Cuery the ZBB Historical Data B Cuery Instructions

Home Instructions for the Query Page of the ZEB Energy Storage Demonstration
ZBB Demo y : : ’ : : s
B Introduction The guery page enahles yvou to look at stored data from a single monitor. Ifyou need to view data from maore than one maonitor at a time, click on the following button found on the
B Status HuelyRalE
| Historical Data
B Demo Participants Click Here to Query More Than One Monitor at One Time
BART Demo Tawiew the histarical data fram a sinale manitar, yau must:
Microgrid Demao

) o e Selecta manitar.
Project Participants e Selectatype of presentation.
Contact Us e Selecta date and time range.

e« Selectthe measured parameters to be displayed.

Select a Monitor

The figure below shows the dropdown list from which ywou select the monitor. In this example, the energy-storage demonstration has two monitors: one for the input of the enerogy-
starage device and one for the output. For mare infarmation about a paricular manitar, select it fram the dropdown list and then click an the question mark (%) next to its name.

Select ZBB Moritor
(BB Input ~|[7]
ZBE Input

ZBB Output

Select a Type of Presentation
You selectthe type of presentation by clicking on the "Line Graph" or "Histogram" huttan, as shown below.

Type of Presentation

[ ol |

‘ Internet
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Select Measured Parameters

As shown in the figure below, a monitor can measure and calculate many parameters. The default parameters are three voltages (VAN, VBN, and
WCN) and three currents (lA, IB, and IC). To select other parameters, simply click on a box next to its name.

| Parameters of the Selected Power Monitor |

Voltages Currents Power PQ
wian 18 O ki [ THOweN
BN I3 [ wuser [ THOweN
TN I [ wnsemar [ THowCH
[ e O [ prm O o
[ vec e [ opFm [ tHoe
[ vea [T 1eavg T kb O thoic
[ wtieg O wwrr_o O tHomm
[ wthewg O we

To select all parameters, click on the select or deselect all parameters button.

[ Select All Farameters ] [ Deselect All Farameters ]

MOTE: The more parameters that you select, the longer it will take to render the graphs for each parameter.

To reset the query page to its default settings, click on the "Reset" button.

Submitting Your Query

Once you have selected a monitor, type of presentation, date and time range, and monitor parameters, click on the "Submit” button to begin the data
processing. Depending on the date/time range and number of selected parameters, data processing can take guite a long time, so please be patient.

Viewing the Results of a Query

After submitting your query, the results will include a graph for each monitor parameter that you selected. Below is an example of a line graph. All line
graphs will have the magnitude of the parameter on the Y axis and the date/time duration on the X axis.

194 Data Points
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L) Query Instructions - Mozilla Firefox

File Edit View Go Bookmarks Tools Help
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Customizing a Graph ~
Each graph on the query-results page can be customized. Simply double-click on the graph, and a customization window will pop up, as shown in the
figure below. To learn about the customizing choices, click on the "Help" button.
Distribution of 194 Data Points Customization...
General ] Plat ] Subszets ! Paints ] iz I Font I Calor ] Style ]

Main Title: Ation of 194 D ata Points [15}
Sub Title: |Min = 49, Max =132
~ Border Style - i~ Humeric Precizion—
" Mo Border " Line o £ o . f=id

| % Shadouw 30 Inset

~Yiewing Shle- i~ Grid Lines -

& Color |#Bath ¥ X  Home

™ Monochrome | I Gridin front of data

" Maonochrome + Symbals ~ Display

—Fant Size - ;(; Graph " Table " Bath
" Large " Medium " Small | .
ak Cancel | Help Expart... M aximize. ..
Saving a Graph

to select the type of file, the destination, and the size.

Exporting Distribution of 194 Data Points

To save a graph to your hard drive, double click on the graph and click on "Export. " from the pop-up window. The resulting pop-up menu enables you
- Export

s MetaFila " BMP

X]

" JPG

" PNG  Test/ Data Orly
i~ Export Destination —

* ClipBoard

" File

" Printer
Done

— Object Size —
]
1x Start )

]

--
| (¢ MoSpecific Size " Milimeters " Inches " Points
EQ K <4 5D [€] 2 Micros...

-

@ 4 Micros...

[l

¥ Query Inst...




Summary and Conclusions

m Website 1s operational — pre-demonstration data is
being collected for the Palmdale Site and the FESS

Demo — http:/ /www.energystoragedemo.net/cec

Web based data acquisition system is structured for
security, redundancy, availability and expandability

There 1s no such thing as a “simple data acquisition
system” — Functional and design/performance
specifications are an integral component of the
measurement of success for energy storage projects




