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ESTAP is a project of CESA

Clean Energy States Alliance (CESA) is a non-profit organization providing a forum for states to work
together to implement effective clean energy policies & programs:

State & Federal Energy Storage Technology Advancement Partnership (ESTAP) is conducted under
contract with Sandia National Laboratories, with funding from US DOE.
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The Energy Storage Technology Advancement
Partnership (ESTAP) is a federal-state funding and
information sharing project, managed by CESA, that

aims to accelerate the deployment of electrical

energy storage technologies in the U.S. NEW RESOURCES UPCOMING EVENTS
The project’s objective is to accelerate the pace of October 14, 2015 December 16, 2015
deployment of energy storage technologies in the Resilience for Free: How ESTAP Webinar: State of
United States through the creation of technical Solar+Storage Could the U.S. Energy Storage
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states and the U.S. Department of Energy. Affordable Housing
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e The ESTAP listserv (>2,000 members) Storage Market Massachusetts Takes
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Panelists

« Dr. Imre Gyuk, U.S. Department of Energy Office of Electricity
Delivery and Energy Reliability

« Sean Hamilton, Sterling Municipal Light Department
 Roger Lin, NEC Energy Solutions

« Scott Reynolds, Reynolds Engineering

« Dan Borneo, Sandia National Laboratories

« Dr. Raymond Byrne, Sandia National Laboratories
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Creating a Microgrid based
Utility of the Future

IMRE GYUK, PROGRAM MANAGER
ENERGY STORAGE RESEARCH, DOE



The Groundbreaking of the Sterling
P-V Storage Microgrid was a Joyous Occasion!

On a splendid New England Autumn day Federal, State,
and municipal partners joined in kicking off a very
significant project in Sterling, MA. The project by the
Sterling Municipal Light Department was 1 of 11 projects
selected for funding by the MA DOER resiliency
initiative. The DOE Office of Electricity through Sandia
National Laboratory provided extra funding to help
Increase the size of the project from 1MW to 2MW and
helped formulate the solicitation for a storage system
provider .



The future microgrid will be embedded in the Sterling
distribution network, linking the police station and
dispatch center with 6MW of PV and 2MW of storage.
During emergencies this grid can island and provide
mission critical support. During ordinary times the
microgrid opens up, providing local green energy and
local grid services. In particular, by shaving off parts of
the annual and monthly load peaks resulting in an
expected payback period of less than 7 years.

And so, on this glorious October day | had the pleasure of
joining Judith Judson who heads DOER, Matt Beaton, MA
Energy Secretary, Sean Hamilton from Sterling, Board
Members, and State Representatives in breaking ground
for the grid of the future!
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Sterling, Massachusetts: Creating the Utility of the Future!



Sterling Municipal Light Dept.
Energy Storage Project

ne MU/I/,

Department of Energy Resources
Community Clean Energy Resiliency Initiative

Sean Hamilton - General Manager

October 25,2016



Value of Energy Storage

@ Grid Resiliency-Police and Dispatch Center

@ Intermittent Resources-3.4 mw Solar

@ Regional Network Service (RNS) -Monthly Peak

@ Capacity Load Obligation Payments —Annual Peak

@ Energy Arbitrage




Grant Timeline

@ First Application $2.8 million April 2014

@ December 2014, awarded $1.465 million

@ Grant awarded to Town of Sterling

@ Contract Signed October 2015

@ October-April, Hired OPM, Design Engineers

@ Collaborated with CESA, Sandia National
Laboratories and DOE creating RFP.

@ 32 RFPs requested, 4 finalist, NEC vendor
@ October 25, Foundation in, Trench complete
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SEPA Solar Watts Per Customer Comparision

SEPA 2013 SEPA 2015

Village of Minster (OH) 2,104
2 City of Palo Alto 1,846
Utilities (CA)
Sterling Municipal Light Dept (MA). 831
3 Roseville Electric 1,416
] ) Utility (CA)
San Diego Gas & Electric Company (CA) 461
4 Carey Muni_cipal 1,351
Silicon Valley Power/City of Santa Clara (CA) 427 E'eCt(rng;t"'tV
Arizona Public Service (AZ) 368 > ,\\zi::ilcaiggl 1,318

Electric Utility
.. . (NJ)
Hawaiian Electric Company, Inc. (HI) 329 6 Ashburnham 1,079
Municipal Light
Plant (MA)
Pacific Gas and Electric Company (CA) 281 7 Sterling 848
Municipal Light
Department

.. L (MA)
Hawaii Electric Light Company (HI) 182 - imperial —

Irrigation District
Maui Electric Company Ltd (HI) 178 (CA)
9 Guam Power 710
Authority (GU)
Kauai Island Utility Cooperative (HI) 167

10 Silicon Valley 613
Power (CA)

Imperial Irrigation District (CA) 159
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Final Real-Time Locational Marginal Prices ($¥MWh) 9/2/2014

Hour HUB WCMA NEMA SEMA cT RI NH vr ME

N 4423) 0 443y @ 4448 00 4403 @ 4440 2 4439 2 4385 @ 4375 4188
2
3
4
5
6
7
BN 4087 4099 @ 4107 406 4109 4000  4101) 4089  39.96
9
ORNNN 458y 0 4509 00 4613 0 46510 0 4609 0 50200 0 4607 450 @ 4434
11
12
13 185.70 186.25 187.11 185.44 190.47 185.53 186.15 184.95 178.01
14 554.71 555.62 560.77 555.12 558.00 555.55 555.69 551.95 530.00
15 206.54 206.72 209.37 207.47 308.93 207.60 206.72 205.66 196.51
16 B 70011 0 7015 7067 65.38
17 LR 86711 8509 86.14 ___80.60
18 133.90 134.22 135.05 134.18 174.45 134.14 133.38 133.73 126.21
19 Ol 72811 00 7269 0 7338 6810
20
21
22
23
24

AVG 89.73 8898 OZRE| 8945 8893 8374 84385

On Peak AVG 114.94 115.20 116.00 115.08 138.17 115.68 114.99 114.73 109.50

Off Peak AVG



Special Thanks to :

@ SMLD Commissioners - For their support of this project.

@ Town of Sterling - For their continued support

@ Judith Judson-Ma. DOER Commissioner

@ Dr. Imre Gyuk - U.S. Dept of Energy, Energy Storage Program Director.
@ Sandia National Laboratories - Daniel Borneo PE., Dr. Raymond Byrne
@ Todd Olinsky-Paul- Project Director at CEG and CESA

® MMWEC - Market Analysis

@ Jared Carpenter, Jim Frawley-Grant Technical Information
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NEC

The GSS® grid storage solution NEC ENERGY SOLUTIONS

An Integrated System

 The GSS® grid storage solution is a fully integrated, turnkey, AC energy storage plant ready
to interconnect to the grid
— Configured-to-order from factory-assembled, standard modular components
— Designed and manufactured by NEC Energy Solutions:
* AEROS® controls, a complete energy storage command and controls software package

* GBS® grid battery systems; energy storage with BMS and controls hardware in outdoor-rated enclosures
(standard containerized, but custom enclosures possible)

— Includes necessary equipment from third-parties, engineered to work with all NEC ES equipment
* Power conversion hardware (inverters) from leading manufacturers around the world

* Thermal management units (air conditioning or water chillers) for battery cooling

Custom enclosure GSS®grid storage solution

Ty e =
- <A

©2016 NEC Energy Solutions, Inc. All rights reserved.




NEC

GSS® grid storage solution equipment NEC ENERGY SOLUTIONS

Three major functional components

GSS® (Grid Storage Solution) + * Operator
~—- - - - - - - -"-"-"-"""”"-""="-"Ww-""=-—""=""="-""="-""="-"/=/"-""="-""=""="-== ~~
// AEROS® Controls \\
[ ;QID;J;T,"_:"' o |
| . ! -. I
: GBS® |
| Grid Battery System(s) Power Conversion System(s) [
|
: > NES[JLUTIONS - 9 y 1
| il NECENEH DC power (MW) .. . ACpower (MVA) > Grid
I il I /V‘K
l | ' '

©2016 NEC Energy Solutions, Inc. All rights reserved.



About the GBS® battery system M&gumcws

Standard containerized lithium ion battery

GBS® LD 53’ container

= Long Duration (LD) energy storage technology, up to 4AMW/4MWh in a single container

= Designed for 1 hour of energy storage or more

= Mature lithium ion technology, proven in the field o
= Assembled in Westborough, Massachusetts

Roof-mounted air
conditioning units _ -

)
] 4
: 4 - i I
| ' i ; i 1. eoper oA
="
Access Door /k Power rating Up to 4.0 MW
Energy rating Up to 4.0 MWh
. . 53’ x 8.5 x9.5
DC Isolation Switch Container size 16.2m x 2.6m x 2.9m

Lithium lon

Battery Racks Rack qty 40 LD Racks

Control

Rack Fire suppression

agent container

Clean agent based
system with
smoke/heat detection

Integrated Fire
Suppression

©2016 NEC Energy Solutions, Inc. All rig



NEC

Sterling PrOjECt Overview — One Line Diagram NEC ENERGY SOLUTIONS

GBS Container @\* N S

SMLD office
GSS Remote
user interface
{web based)
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ransformer H 1
} (T-blade switch) rm A rmm )ﬂ UPS  Uninterruptible Power Supply
—-—-}—-—-—-—-—-—-—-—-—-— — NEC Energy Solutions
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©2016 NEC Energy Solutions, Inc. All rights reserved.



Overview of Operating Modes

NEC

NEC ENERGY SOLUTIONS

115kV

3t

PV
Generation

Max 3MWVW
Cumulative

Non
critical
loads

Critical loads
(Emergency
Response
Facilities)

13.8kV

it

480V

©2016 NEC Energy Solutions, Inc. All rights reserved.

LEGEND:
I:l Components participating in the energy/power flow
I:l De-energized components / open switches
-+ Power flow direction
118kV
LoJ
\
13.8kV
LaJ
™M
480V
PV
i Critical loads
Generation
Non (Emergency
Max MW critical Response
Cumulative loads Facilities)
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National
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Exceptional

service
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national

interest

Sandia National
Laboratories Energy
Industry Acceptance -
Storage Projects

Daniel Borneo, P.E.
Sandia National Laboratories

ESTAP Webinar
Oct. 25, 2016

Program Sponsor: DOE/OE Stationary Energy
Storage Program - Dr. Imre Gyuk

' U.S. DEPARTMENT OF V WA T =
ENERGY VIS4

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed
Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.

SAND Document SAND2016-9303 C




SNL Industry Acceptance — ES Projects Team e

MISSION STATEMENT: Encourage investment in Energy Storage though field deployments by
insuring systems are safe, reliable, and cost effective.

APPROACH: - Work with national and international entities that include the DOD, State Energy
offices, Other National Labs**, Utilities, project developers, installers, integrators, Universities
and Consumers to:

= Conduct grid and system Analysis

= Develop Energy Storage Projects

= Support State and International renewable/resiliency/Energy Storage initiatives
= Develop public information programs concerning energy storage

** Partnering relationship with sister Labs — PNNL, ORNL, NREL




SNL Industry Acceptance —

ES Projects Team
Capabilities
= Grid analysis & modeling

= ES applications, sizing, technologies
= Using commercial and Sandia developed analysis tools (PYOMO, PLEXOS,PSLF)

2% U.S. DEPARTMENT OF i Sandia

g | ENERGY National

Laboratories

= Project Development and Implementation
= Request for Information and Proposals (RFI & RFP)
= Project designs and specifications
= Data Acquisition Systems (DAS) design and implementation
= Technical support during the construction of ESS’
= ESS commissioning/testing plan development and implementation.
= Start-up, commissioning and testing support.

=  System Analysis
= Remote monitoring and data acquisition
= Analysis of operational test data
= System optimization algorithms.

= Policy, regulatory and state support through CESA resources

= Webinars, Papers, Presentations
I



SNL Industry Acceptance - ES
Projects 2016
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Program Funding provided by
DOE/OE Stationary Storage Program
Program Manager: Dr. Imre Gyuk

Thanks

Dan Borneo - drborne@sandia.gov
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Sterling Municipal Light Department Analysis
Ray Byrne, Ph.D.

Acknowledgment: This research was funded by the U.S. Department of Energy Office of
Electricity Energy Storage Program, under the guidance of Dr. Imre Gyuk.

DEPARTMENT OF n ' " D(x‘
EN ERGY 'W VL D'—’:" Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND2016-10837PE




Sterling Municipal Light Department

=  Potential value streams:

Energy arbitrage

Reduction in monthly network load (based on monthly peak hour)
Reduction in capacity payments (based on annual peak hour)

Grid resilience

Frequency Regulation

= Energy Arbitrage

Buy low, sell high
Analyzed 33 months of data (January 2013-September 2015)
Optimization using perfect foresight
Cycling limitations were not included (can be added later)
TABLEV
Maximum Potential Arbitrage Revenue, Average Monthly
Arbitrage Opportunity for a 1 MW Plant.

1 MWh 2 MWh 3 MWh 4 MWh
Monthly Average $3.395 $5.117 $6,227 $6.949
Annual Savings $40.738 $61.407 $74,722 $83.383

Sandia
National
Laboratories




Potential Value Streams (cont.) )

= Reduction in Regional Network Service (RNS) payments
= Monthly payment based on maximum load

= Payment for using transmission facilities to move electricity into or
within New England

= Current pool rate, effective June 1, 2015: $98.70147/kW-yr
= Need to “hit the hour” to reduce load, or else no benefit

® Having a multi-hour (more capacity) provides no increase in benefit,
but increases the odds of “hitting the hour”

= |f policy changes, there could be a detrimental “load adjustment”

TABLE III
RNS Savings for 1 Hour Energy Storage System.
Power Annual
(MW) Savings (%)
1 $98,707
2 $197.403
3 $296,104
4 $394,806
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Potential Value Streams (cont.)

= Reduction in capacity payments

= Each load serving entity is responsible for a fraction of the Forward
Capacity Market obligations

= Based on peak load over the course of the year
= Rates have been increasing

" |ncreasing capacity does not increase revenue, just increases the odds
of “hitting the hour”

= |f policy changes, there could be a detrimental “load adjustment”
TABLEI

SMLD Capacity Clearing Price. ISO-NE. _ ,TABLE P" .

Year Price (S/KW-Month) : SM_LD Capacﬂ}rrc‘leanng Pil'lce. ISD-}:IE. ..
30103011 31257 Year g.l-:;: 1 MW 2 MW 3 MW 4 MW
2011-2012 $3.110 i[:unth_]

2012-2013 $2.535 2015-16 $3.129 $51.477 | $102.958 | $154.443 | $205.932
2013-2014 $2.516 2016-17 $3.150 $51.822 | $103.649 | $155.479 | $207.315
2014-2015 $2.855 2017-18 $7.025 | $115572 | $213.153 | $346.744 | $462344
2015-2016 $3.129 2018-19 $9.551 | $157.128 | $314.269 | $471.424 | $628.591
2016-2017 $3.150
2017-2018 $7.025
2018-2019 $9.551

4



Potential Value Streams (cont.) ) &
= Grid Resilience - SMLD has identified 10kW as the critical load

TABLE VI
Days of Back-up Power for Critical Loads
1 MWh 2 AMWh 3 MWh 4 MWh
Days 4.167 8333 12,5 16.667

= Frequency Regulation

Annual arbitrage & regulation gross revenue, 2015

450
—5—0.25 MW e ®m————@=m ===
400 - |—=—0.50 Mw K ]
—6—0.75 MW
—5—1.00 MW ’,,O-————-O——-——-O—————-G——————{
350 [ |—o—125MW| -7 :
= 1.50 MW Kr’“
‘“%300— ~©-1.75 MW |/ §
® ~ - 2,00 MW
: r I
[ '/ S ¢ e e &
Q2501 / 4
o /
2 . © © © S = &
8 200 S S q
QD
150 = © © = o &
100+ - i — -o— |
SOCA_ = D 0 £ T o P
1 2 3 4 5 6 . g

Energy (MWh)



Impact of Capacity
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Laboratories

" |ncreased energy storage capacity increases the likelihood of

hitting monthly/annual peaks

40Distributiun of Sterling Monthly Peak Hours, Jan 2003 - Dec 2013

Frequency
h Q2
o o

—
o

11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Percent

Hour | Occurrence
11 0.79 %
12 0.00 %
13 0.79 %
14 1.59 %
15 14.29 %
16 9.52 %
17 16.67 %
18 15.08 %
19 28.57 %
20 10.32 %
21 1.59 %
24 0.79 %




Sandia

Impact of Capacity )

= |mpact of capacity on hitting monthly peaks (based solely on
historical data)

Percentage of Monthly Peaks as a Function of Capacity
Historical Data (2003-2013)
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Impact of Capacity )

TABLE IX
= Distribution of annual pea ks Distribution of ISO-NE annual peak hours, 2000-2015.
Percent
Hour Occurrence
13 6.25%
|} 68.75%
17 25.00%

Distribution of ISO-NE Annual Peak Hours, 2000-2015

—
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T T T T

N
T
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Impact of Capacity h

= |mpact of capacity on hitting annual peaks (based solely on
historical data)

Percentage of Annual Peaks as a Function of Capacity
Historical Data (2000-2015)
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Summary )

= Arbitrage is more synergistic with other peak shaving
applications

= Total potential revenue, 1MW, 1IMWh system

Arbitrage $40,738 16.0%
RNS payment $98,707 38.7%
FCM obligation* $115,572 45.3%
Total $255,017 100%

= For a capital cost of ~¥1.7M, the simple payback is 6.67 years

= |nvestigating approaches to incorporate frequency regulation
(213,580 in 2015 potential revenue)

*2017-2018 data. Rates will likely be higher in the future, resulting in additional

savings.
10




Energy Storage in Massachusetts:

Upcoming Webinar

What the Study Said, and What’s Next
Thursday, October 27, 3-4:30pm ET

Guest Speakers:

Will Lauwers, Massachusetts Department of
Energy Resources

Kavita Ravi, Massachusetts Clean Energy Center
Randell Johnson, Alevo Analytics

Jacqueline DeRosa, Customized Energy Solutions
Dr. Imre Gyuk, U.S. Department of Energy Office
of Electricity Delivery and Energy Reliability

Dan Borneo, Sandia National Laboratories

REGISTER NOW:
http://bit.ly/Webinar-10-27-16

STATE OF CHARGE

STATE OF CHARGE



http://bit.ly/Webinar-10-27-16

Contact Info

CESA Project Director: Sandia Project Director:
Todd Olinsky-Paul Dan Borneo
(Todd@cleanegroup.org) (drborne@sandia.gov)

Webinar Archive: www.cesa.org/webinars

ESTAP Website: bit.ly/CESA-ESTAP
ESTAP Listserv: bit.ly/EnergyStoragelist
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CleanEnergy @ Sandia e
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