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Energy Storage Analytics
Economic valuation

Technical evaluation
Demonstration support

Energy Storage Policy
Outreach to states

Identifying opportunities & barriers to energy storage deployment
Technical standards

DOE Energy Storage Database
Energy Storage Finance Summits

Control Strategies for Energy Storage
Energy storage value is derived from proper dispatch/contro
ldentifying new grid services/value streams enabled by cont
Maximizing revenue and/or grid benefit
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Economic valuatiod Market Areas

|
California IS solar + storage DA market 260K
California ISG solar + storage RT (HASP) market
ISO NE (part of demo suppod)storage + wind $240K
i
Economic valuatiod Vertically Integrated Ultilities 4200
None this year
1 $200K
1 $180K
$160K
$140K
2014-2018 average annual RTM revenue :
from solar + storage ($K) I
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Demonstration Support
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2019 Revenue of 5SMW/20MWh ESS in IN©

i
Energy Arbitrage Frequency RNS Saving | Capacity Total ($) ‘
%) Regulation ($) | ($) Payment

saving ($)

Hyde Park Analysis

Fuel Cost vs. PV and BESS sizes 302.8178 157,977.7 SoiEREiE 35390 54755288
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Outreach to States (Sandia and PNNL)
New Mexico Public Regulation Commission, Santa Fe, NM, Fall 2019

PNM Public Advisory Committee Meeting, Albuguerque, NM, November 2019
Nevada Public Utility Commission, Carson City, NV, January 2020

Maryland Public Utility Commission, April 2020 (webinar)

Utah Public Utility Commission, July 2020 (webinar)

lowa State University Electric Power Research Center/MISO Workshop Series, Fall 2020
Federal Energy Regulatory Commission (FERC), September 2020 (webinar)

Energy Storage Policy Analysis
State by state analysis of energy storage policy (in progress)

DOE Energy Storage Database
Vetting project database

Energy Storage Finance Summits
New Yorkd January 2020

San Francisco (virtuélDctober 2020
Energy Storage Pricing Survey
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Battery Models for Control
Cyber Security for Battery Management Systems Lab
Leading IEEE Battery Management System (BMS) standards activ

7-Day Outage + Flood

Storage+PV
added to
islanded loads.

Optimal Siting and Sizing of Energy Storage for Grid Resilienc : ot
Symantec graph theory applied to distribution grid partitioning, \ A 3 el
Best paper session, 2020 IEEE PES GM ;
Puerto Rico demonstration proect &= ; L P s
Sizing for Transportation Electrification : s
x* tx damage.

Suboptimal performance Optimistic shortfall

> kach = 4276kW : L l 5s L
gL P 5l Ppeak ach = 4300kW
peak cal = 4.276kW peak cal = 4.2kW /\ /\ n
45 45- - A \
4 4
= _
Z 35 g 35
T =
g 3 g 3
) o |

25

| 0ad
165 e Net Load Calculated - 15 | m— Net Load Calculated

— | nad

Net Load Achieved == Net Load Achieved
T T T I

r [ I r
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 168
Time (hours) Time (hours)



7 I University Collaborations

Montana Tech Universi®ySmall Signal Stability, Transient Stability
Dr. DanTrudnowski

Dr. Matt Donnelly

Clemson UniversifyDistributed Control of Energy Storage
Dr. PierluigPisu

University of Utalk Continuotimme Lookhead Scheduling of Energy StoragaenVvizekets
Dr. Masood Parvania

South Dakota State Universityirtual Inertia Control
Dr. Reinaldo Tonkoski

Michigan State Univers@iyOptimal Dispatch of Energy Storage with Degradation Models
Dr. Joydeep Mitra




