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About This Report

U.S. Energy Storage Monitor is a quarterly publication of GTM Research and the Energy Storage Association (ESA). Each quarter, we gather data on U.S. energy storage

deployments, prices, policies, regulations and business models. We compile this information into this report, which is intended to provide the most comprehensive, timely

analysis of energy storage in the U.S.

Notes:

• All forecasts are from GTM Research; ESA does not predict future pricing, costs or deployments

• References, data, charts and analysis from this report should be attributed to “GTM Research/ESA U.S. Energy Storage Monitor”

• Media inquiries should be directed to Mike Munsell from GTM Research (munsell@gtmresearch.com) or Ellen Backus with the Energy Storage Association (202.765.2800)

For more information or to purchase the full report, visit www.energystoragemonitor.com.
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Ownership Rights

All reports are owned by Greentech Media, a Wood Mackenzie Business, and utilize data and information jointly owned by Greentech Media and the Energy Storage

Association. The report and underlying data and information are protected by United States Copyright and international copyright/intellectual property laws under

applicable treaties and/or conventions. User agrees not to export any report into a country that does not have copyright/intellectual property laws that will protect

Greentech Media’s rights therein.

Grant of License Rights

Greentech Media, a Wood Mackenzie Business, hereby grants user a personal, non-exclusive, non-refundable, non-transferable license to use the report for research purposes only

pursuant to the terms and conditions of this agreement. Greentech Media retains exclusive and sole ownership of each report disseminated under this agreement. User agrees not to

permit any unauthorized use, reproduction, distribution, publication or electronic transmission of any report or the information/forecasts therein without the express written permission

of Greentech Media. Users purchasing this report may make a report available to other persons from their organization at the specific physical site covered by the agreement, but are

prohibited from distributing the report to people outside the organization, or to other sites within the organization.

Disclaimer of Warranty and Liability

Greentech Media, a Wood Mackenzie Business, has used its best efforts in collecting and preparing each report.

Greentech Media, its employees, affiliates, agents, and licensors do not warrant the accuracy, completeness, correctness, non-infringement, merchantability, or fitness for a particular

purpose of any reports covered by this agreement. Greentech Media, its employees, affiliates, agents, or licensors shall not be liable to user or any third party for losses or injury caused

in whole or part by our negligence or contingencies beyond Greentech Media’s control in compiling, preparing or disseminating any report or for any decision made or action taken by

user or any third party in reliance on such information or for any consequential, special, indirect or similar damages, even if Greentech Media was advised of the possibility of the same.

User agrees that the liability of Greentech Media, its employees, affiliates, agents and licensors, if any, arising out of any kind of legal claim (whether in contract, tort or otherwise) in

connection with its goods/services under this agreement shall not exceed the amount you paid to Greentech Media for use of the report in question.

License
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Capacity Metrics: In general, the electric utility sector uses the term “capacity” to refer to power capacity (i.e., megawatts). We report energy storage capacity and deployments in power

capacity (measured in watts) and energy capacity (measured in watt-hours). All of our data sources (details on data sources provided in Appendix), including program administrators,

utility companies, utility commissions and system operators, currently track and report energy storage queue, deployments and interconnections in terms of power capacity: watts,

kilowatts or megawatts. GTM Research converts data in energy capacity (watt-hours, kilowatt-hours or megawatt-hours) using a mix of publicly available and survey data, and multiplying

by discharge duration (hours). In keeping with industry convention, GTM Research defines capacity in terms of the interconnected power capacity, and not in terms of the flexible

resource capability a given storage asset can provide (charging and discharging).

Please note that some projects are publicly announced based on flexible resource capacity. For these projects, the announced capacity may differ from our capacity totals.

Historical Deployment Data: The report is titled “Q1 2018” to reflect the release quarter, but it covers historical deployment data ending Q4 2017. More details on deployment reporting

methodology are available in the Appendix.

Segments: We report energy storage capacity data in three segments: residential, non-residential and front-of-the-meter. Projects that are deployed on the end-customer side of the meter

(i.e., behind the meter) are reported as falling in either the residential or non-residential segment. The non-residential segment includes commercial, industrial, education, military and

nonprofit deployments, but excludes uninterruptible power supply. Regardless of their size, projects that are deployed on the utility side of the meter (i.e., in front of the meter) are

reported in the front-of-the-meter segment. In some cases, we differentiate these as “distribution domain” and “transmission domain” to clarify the point of interconnection.

Technologies: Electrochemical (batteries) and electromechanical technologies, excluding pumped hydro, are included in the historical deployment and forecast data.

Market Size: Market size is reported in megawatts (or kilowatts) and megawatt-hours (or kilowatt-hours) of deployments (i.e., interconnected and operational) by year and segment, as

well as in U.S. dollars based on system price estimates and annual deployments.

Scope of This Report
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Introduction and Key Findings1.
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Q4 2017 Q4 2016 Change

Total Deployments (MWh) 100.0 230.0 Down 57%

Front-of-the-Meter Deployments (MWh) 23.0 213.3 Down 89%

Behind-the-Meter Deployments (MWh) 77.0 16.7 Up 362%

Total Deployments (MW) 62.0 140.9 Down 56%

Front-of-the-Meter System Price – 2 Hr. ($/kW) $1,200-$1,700, median $1,450 $1,350-$1,800, median $1,550 Down 6%

Front-of-the-Meter Pipeline (MW) 15,832 10,497 Up 51%

Q4 2017 U.S. Energy Storage Scorecard
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2017 2016 Change

Total Deployments (MWh) 431 340 Up 27%

Front-of-the-Meter Deployments (MWh) 281 257 Up 10%

Behind-the-Meter Deployments (MWh) 150 84 Up 79%

Total Deployments (MW) 215 231 Down 7%

Front-of-the-Meter System Price – 2 Hr. ($/kW) $1,313-$1,800, median $1,538 $1,400-$2,125, median $1,700 Down 10%

Cumulative Five-Year Forecast (MW) 10,242 (2019-2023) 7,549 (2018-2022) Up 36%

2017 U.S. Energy Storage Scorecard
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Total U.S. energy storage deployments reached 431 MWh in 2017, a 27% increase from the 340 MWh in 2016.

• In megawatt terms, total capacity dropped 7% to 215 MW in 2017 from 231 MW in 2016

• Trend signifies the increased focus on longer-duration systems as the front-of-the-meter (FTM) market shifts from short-duration applications (e.g., PJM’s RegD market) to longer-

duration applications like resource adequacy and renewable integration

Front-of-the-meter markets saw modest 10% growth, up to 281 MWh in 2017.

• The final Aliso Canyon projects came online in early 2017 but interconnection of several large projects slipped into 2018

• FTM storage capacity in megawatt terms fell by 22% in 2017, again signifying the shift from short-duration to long-duration applications

In contrast, behind-the-meter (BTM) deployments reached a record-setting 70 MW in 2017, nearly the same as 2015 and 2016 combined.

• The residential market led the charge with 248% year-over-year growth, while non-residential grew 33% over the same period

• BTM deployment growth was driven primarily by California’s Self-Generation Incentive Program and other markets including Hawaii, Massachusetts and New York

The Section 201 tariffs on imported solar products cast a shadow over the energy storage market

• The solar trade case will have negative effects on storage growth, though the declines will be modest: For 2018-2022, forecasts decreased by 3% for residential, 4% for

non-residential and 4% for FTM (note these declines are affected by additional factors including softening of the Arizona and New Jersey markets)

Click here to be taken to Section 4, an in-depth analysis of Section 201’s effect on the energy storage sector.

2017: A Transition Year for Energy Storage Market as Stage Set for Massive Growth
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Energy Storage Market Overview2.
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• Market grew 46% QOQ, from 42.5 MW in Q3 2017 to 62 MW in Q4 2017

• Market declined 56% YOY, mostly thanks to the record set in Q4 2016 by 

the Aliso Canyon projects

• Behind-the-meter deployments accounted for 55% of total MW deployed 

in Q4 2017, up from last quarter’s share of 27%. The BTM market saw 

strong growth across multiple state markets in Q4 2017.
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• Market grew 126% QOQ, from 24.9 MWh in Q3 2017 to 77 MWh in Q4 2017. This mainly 

resulted from a quadrupling of the non-residential market in MWh terms.

• YOY the market declined 57%, as Q4 2016 saw record MWh deployments thanks to the 

Aliso Canyon projects.

• Behind-the-meter deployments made up 77% of deployments in MWh terms, up from last 

share’s quarter of 56%. Though the highest BTM deployments in absolute terms since Q1 

2013, this is still not the highest share the BTM space has achieved over that period.
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Residential Market Grows More Than 95% QOQ, Led by California and Hawaii 

Residential Market (MW) Residential Market (MWh)

Source: GTM Research Source: GTM Research
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• Market up 108% QOQ

• Market up 619% YOY

• California accounts for the biggest share of this 

growth: up 105% QOQ and up 1,200% YOY

• Hawaii accounts for the second biggest share of 

growth from a single market: up 82% QOQ and up 

2,765% YOY
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• Market up 95% QOQ

• Market up 917% YOY

• California accounts for the biggest share of this 

growth: up 130% QOQ and up 1,362% YOY

• Hawaii accounts for the second biggest share of 

growth from a single market: up 78% QOQ and up 

2,478% YOY
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Non-Residential Market Triples QOQ as California Market Experiences New Installation Wave

Non-Residential Market (MW) Non-Residential Market (MWh)

Source: GTM Research Source: GTM Research
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• Market up 250% QOQ

• Market up 245% YOY

• California remains far and away the 

market leader, accounting for 88% of the 

MW deployed in Q4 2017 and 88% of the 

MW deployed in 2017 as a whole
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• Market up 288% QOQ

• Market up 300% YOY

• Majority of this growth comes from 

California, which grew 274% from Q3 2017 

to Q4 2017 and 45% from 2016 to 2017
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Front-of-the-Meter Market Looks back At Aliso One Year Later, Deployments Can’t Compete

Front-of-the-Meter Market (MW) Front-of-the-Meter Market (MWh)

Source: GTM Research Source: GTM Research
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• Market down 10% QOQ 

as smaller projects 

came online in Texas 

and North Carolina.

• Market down 79% YOY 

as new deployments 

fail to exceed the Aliso 

Canyon bump.

• Market up 19% QOQ 

thanks to longer-duration 

systems in North Carolina.

• Market down 89% YOY as 

new deployments fail to 

exceed the Aliso Canyon 

bump, particularly in MWh 

terms.
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Behind-the-Meter Segment Saw a Record 1,627 Deployments

Residential Market (Number of Deployments) Non-Residential Market (Number of Deployments)

Source: GTM Research Source: GTM Research
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• Massive spike in number of residential deployments: up 

87% QOQ

• Q4 2017 saw 1.7x the number of systems deployed 

than were deployed in all of 2016

• As a whole, 2017 saw 3x the number of residential 

systems deployed compared to 2016

• California and Hawaii accounted for 63% of systems 

deployed in Q4 2017

• Non-residential 

deployments almost 

doubled QOQ

• Q4 2017 was a record-

setting quarter, with 

almost as many systems 

deployed as the previous 

two quarters

• California accounted for 

59% of systems deployed 

in Q4 2017
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Front-of-the-Meter Market (Number of Deployments)

Front-of-the-Meter Deployments Spike, Depending on the Method Used to Aggregate DERs

Source: GTM Research
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• Q4 2017 deployment numbers are deceiving, as 12 distributed solar-plus-storage projects under the same procurement umbrella could 

have been counted as a single system.

• By this metric, the number of “deployments” would hold steady at 4 QOQ.
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• California and Hawaii remain residential market leaders for single state markets, with the former deploying 3.8 MW and the latter deploying 2.2 MW in Q4 2017, records for both

markets. Many of California’s residential deployments were boosted by the Self-Generation Incentive Program, while Hawaii saw a surge in applications as a result of the Customer

Self-Supply program. Puerto Rico also experienced a fair amount of market activity, as market players responded to calls for resilience projects in the wake of hurricane damage.

• California remains the king of the hill for the non-residential storage market with 21.8 MW deployed in Q4 2017, which constitutes 86% market share. The “other markets”

category came in second with systems deployed in regions across the country, from the Northeast (New Hampshire), the Southeast (Alabama and Florida) and the Plains (Iowa).

Like the residential market, Puerto Rico also saw a fair amount of market activity for non-residential resilience-focused projects.

• Texas led the front-of-the-meter market for the second straight quarter, thanks to three projects totaling 21.8 MW. “Other markets” came in second, with deployments in states

such as Florida and Tennessee.

Top Energy Storage Markets, Q4 2017: Texas Leads FTM, California Dominates BTM

Rank Residential Deployments (kW)

1 California 3,829

2 All Others* 2,530

3 Hawaii 2,221

Rank Non-Residential Deployments (kW)

1 California 21,782

2 All Others* 1,493

3 New York 500

Rank Front-of-the-Meter Deployments (MW)

1 Texas 21.8

2 All Others* 6.0

3 - -

*GTM Research is currently monitoring eight individual markets: Arizona, California, Hawaii, Massachusetts, New Jersey, New York, PJM and Texas.

Top 3 Markets by Segment in Q4 2017 (Power Capacity)

Source: GTM Research
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• California was the undisputed BTM market leader for both the residential and non-residential segments, retaining its title from previous years. A combination of SGIP and

procurement programs continue to drive the market.

• Texas came in first for the front-of-the-meter market, primarily driven by ERCOT’s frequency regulation market. California came in second, thanks in large part to the final Aliso

Canyon projects, which were deployed in Q1 2017.

• The strength of the “other markets” category reveals the diversity of regions that are seeing storage activity, including the Northeast, Southeast and West. Individually, these

markets are quite small but they are rapidly becoming interesting in their own right. GTM Research plans to expand our state market coverage in the next iteration of this report.

Top Energy Storage Markets, 2017: California Rules BTM Market, Texas Leads FTM 

Rank Residential Deployments (kW)

1 California 6,544

2 All Others* 5,859

3 Hawaii 4,332

Rank Non-Residential Deployments (MW)

1 California 45.1

2 All Others* 2.4

3 New York 1.8

Rank Front-of-the-Meter Deployments (MW)

1 Texas 51.8

2 California 43.5

3 Arizona 25.0

*GTM Research is currently monitoring eight individual markets: Arizona, California, Hawaii, Massachusetts, New Jersey, New York, PJM and Texas.

Top 3 Markets by Segment in 2017 (Power Capacity)

Source: GTM Research
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• California holds the non-residential market in a vise grip with no signs of letting up. As more funding from SGIP is distributed and more systems come online via grid service programs,

this is likely to continue. As other states initiate grid service programs and policies supporting energy storage, competition for second place will intensify with states like New York and

Massachusetts as likely contenders.

• California is also the largest single state market for residential storage, with 32% of cumulative deployments between Q1 2013 and Q4 2017. Hawaii has a strong showing at second

place where it is likely to remain, thanks to encouraging economics for solar-plus-storage under the Customer Self-Supply program.

• PJM (excl. NJ) remains the FTM market leader, though the majority of these megawatts are from legacy projects for the RegD market deployed between 2013 and 2016. California is

inching closer to PJM, and will likely overtake it as systems procured under AB 2514 continue to come online.

Top Energy Storage Markets’ Cumulative Deployments Since Q1 2013

Rank Residential Deployments (kW)

1 All Others* 10,013

2 California 9,645

3 Hawaii 6,273

Rank Non-Residential Deployments (MW)

1 California 111.7

2 All Others* 6.2

3 New York 4.1

Rank
Front-of-the-

Meter
Deployments (MW)

1 PJM (excl. NJ) 260.3

2 California 158.6

3 All Others* 95.3

Rank Total Deployments (MW)

1 California 279.9

2 PJM (excl. NJ) 262.9

3 All Others* 111.5

* GTM Research is currently monitoring eight individual markets: Arizona, California, Hawaii, Massachusetts, New Jersey, New York, PJM and Texas.

Top 3 Markets by Segment, Q1 2013-Q4 2017 (Power Capacity)

Source: GTM Research
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U.S. Energy Storage Annual Deployments Will Reach 3.3 GW by 2023

Source: GTM Research

U.S. Annual Energy Storage Deployment Forecast, 2012-2023E (MW)
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• U.S. energy storage market will grow 15x between 2017 and 2023

• Annual market will almost cross 1 GW threshold in 2019

• Behind-the-meter deployments (residential plus non-residential) will 

make up half the annual market by 2022
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2018-2022 Cumulative Energy Storage Outlook Lowered by 0.3 Percent

2018E 2019E 2020E 2021E 2022E 2023E

Old (Q4 2017) 578 995 1,430 1,900 2,535 -

New (Q1 2018) 547 910 1,404 1,998 2,604 3,327 

Source: GTM Research

Changes to U.S. Annual Energy Storage Deployment Forecast, 2018E-2023E (MW)
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Our 2018-2022 outlook shrank by 24 MW, dropping 0.3% versus our previous 

forecast. The biggest change is in 2019, which is down 9% versus the previous 

outlook; some of that change results from the Section 201 trade case, which will 

have the most affect on the 2019 market.

The biggest changes to the outlook were from the front-of-the-meter market for 

2018-2022, where GTM Research raised the cumulative outlook by 140 MW given 

utility resource planning in states like Arizona, Hawaii and Massachusetts. Section 

201 did have the effect of lowering forecasts across all 3 segments, but the 

cumulative percentage effect is lower than for the solar market as solar 

developers seek to use storage as a value-add offering for behind-the-meter 

customers, improving BTM economics and standalone storage demand for both 

non-residential and FTM markets.
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The U.S. Market Will Grow to 9.5 GWh by 2023

U.S. Annual Energy Storage Deployment Forecast, 2012-2023E (MWh)

Source: GTM Research
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• The U.S. storage market will grow 22x between 2017 and 2023

• The annual market will cross 1 GWh in 2018 thanks to procurement programs 

and improved economics. The market will pass the 5 GWh market by 2021.

• Average discharge durations are increasing as value streams pursued will require 

multi-hour durations (capacity, load-shifting, etc.)
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Energy Storage Will Be a $3.8 Billion Market by 2023

U.S. Annual Energy Storage Market Size, 2012-2023E (Million $)

Source: GTM Research
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• U.S. storage market will grow 12x in dollar value between 2017 and 2023

• Market will cross threshold of $1B annual market value in 2019

• In 2023, U.S. energy storage market’s annual value will reach $3.8B
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Technology, System Price and Vendor Trends3.
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* “Other” includes flywheel and unidentified energy storage technologies.

Quarterly Energy Storage Deployment Share by Technology (MW %)

Source: GTM Research

Lithium-Ion Technology Continues the Trend of More Than 94% Share
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 Lithium Ion  Lead Acid  Sodium Chemistries  Flow - Vanadium  Flow - Zinc  Other

Li-ion held 98.8% market 

share in Q4 2017, leading 

the market for the 13th

straight quarter

Lead-acid came in second, 

with 1.1% market share, 

followed by vanadium 

redox flow with 0.2%
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Front-of-the-Meter System Price Trends in Q1 2018

Source: GTM Research

Front-of-the-Meter Price Trends Q1 2018 and 2020E, 2-Hour ($/kW)

Source: GTM Research

Front-of-the-Meter Price Trends Q1 2018 and 2020E, 4-Hour ($/kW)
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• For front-of-the-meter applications, we track three types of systems:

◦ Long-duration applications: Used for 4-hour applications such as capacity

◦ Medium-duration applications: Used for 2-hour applications such as time-shifting

◦ Short-duration applications: Used for 30-minute power applications such as 

frequency regulation

• Note that GTM Research has updated its system price reporting methodology for front-

of-the-meter 4-hour and 2-hour duration systems. Going forward, all system prices will

be reported in $/kW. These prices are for a front-of-the-meter lithium-ion battery system,

without any special interconnection requirements and not associated with specific

projects being deployed in Q4 2017. Pricing data is considered sensitive by vendors and

developers, given the number of projects that are being deployed and the varying project

cycles. This system-price data is instead estimated for projects deployed today based on

the results of the bottom-up cost survey from interviews with vendors across the value

chain, including battery vendors, system integrators and developers.

• It should be emphasized that system prices do not change linearly with discharge

duration, as the cost of some balance-of-system components scale with power while

others scale with the energy capacity of the system.

Front-of-the-Meter System Price Trends in Q1 2018 (Cont.)

Source: GTM Research

Front-of-the-Meter Price Trends Q1 2018 and 2020E, 30-Minute ($/kW)
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Historical System Price Trends: Front-of-the-Meter Long- and Medium- Duration Prices Held 
Flat Across 2017

• With few new front-of-the-meter projects deployed in 

the past several months, prices have held relatively 

steady for long (4-hour) and medium (2-hour) duration 

systems across 2017. 

• Front-of-the-meter pricing for 4-hour duration systems 

remained flat in Q1 2018 but the pricing for 2-hour 

duration systems dropped by 6% on high and median and 

by about 8% on the low end from Q4 2017 to Q1 2018. 

• Further system-price declines are anticipated in future 

quarters, enabled by higher contracted deployment 

volumes and driven by factors such as:

◦ Reduction in battery-rack pricing, including batteries, 

wiring, racking and battery management systems.

◦ Decline in balance-of-system (BOS) costs, driven by 

innovation, improvements in system design and engineering 

and emergence of alternate system architectures as the 

result of greater renewable integration. 

Source: GTM Research

Historical System Price Trends: Front-of-the-Meter (4-Hour, $/kW)

Source: GTM Research

Historical System Price Trends: Front-of-the-Meter (2-Hour, $/kW)
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Historical System Price Trends: Front-of-the-Meter Short-Duration System Prices Declined 
Through 2017

• As more front-of-the-meter systems were deployed for 

power applications (short duration), prices for these 

systems came down across 2017 as more detailed 

information on several projects getting installed became 

available. High-end prices declined by more than 10% from 

Q1 2017 to Q1 2018. 

• Deployments surged further in Q4 2017 and hence 

prices for these 30-minute duration systems continued 

to fall in Q1 2018. High, median and low prices came 

down by more than 5% from Q4 2017 to Q1 2018. 

• Looking ahead, the decline in short-duration system 

prices will be largely driven by reductions in balance-of-

system costs. BOS costs currently make up more than 

50% of the short-duration system price stack and thus 

they represent a tremendous opportunity to bring down 

system-level prices. 

Historical System Price Trends: Front-of-the-Meter (30-minute, $/kW)

Source: GTM Research
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• Note that GTM Research has updated its system-price reporting methodology for behind-

the-meter residential and non-residential systems. Going forward, all system prices will be

reported in $/kW. All quoted prices are for systems using lithium-ion batteries with 2-hour

discharge durations and without any special interconnection requirements. Residential

prices are higher than system prices quoted publicly by several markets players; this

disconnect stems from the fact that GTM Research’s reported prices reflect fully installed

systems including the cost of installation, interconnection applications and metering, while

in contrast, system vendors often quote prices for systems sold to installers.

• Both residential and non-residential system prices dropped in Q1 2018. Several companies

have been heavily focused on bringing down the prices for behind-the-meter systems.

Median prices for non-residential systems declined by 4% from Q4 2017, while the low

end of the price range also fell by 6%. Non-residential deployments saw a tremendous

growth, more than 3x from Q3 2017 to Q4 2017. This huge growth in system deployments

led to increased competitiveness in the market, thus driving down non-residential system

prices even further in Q1 2018.

• Residential system prices remained flat on the high end, but median prices dropped by 3%

and low prices fell by 5%. On a quarter-over-quarter basis, the residential market more

than doubled in Q4 2017 vs. Q3 2017. Continued growth in market competition, greater

availability of products, and the launch of several storage pilot projects all led to system-

price reductions in the residential market in Q1 2018.

Behind-the-Meter System Price Trends in Q1 2018

Source: GTM Research

Behind-the-Meter Price Trends, Q1 2018 ($/kW)
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Historical System Price Trends: Residential ($/kW)

• Non-residential system prices held flat across the low

and high end through 2017. Median prices declined by

around 10% through the year. An increasing number of

system deployments, largely driven by California’s SGIP,

led to more than 2x growth in the non-residential

market. This significant increase in deployments,

combined with manufacturing ramp-up, led to system-

price declines in the non-residential market.

• The residential market held largely flat across 2017. Q4

2017 was the only quarter across 2017 that saw largest

number of deployments by both MW and MWh, and as

a result, residential system prices only began declining

toward the end of the year, trickling into Q1 2018.

• The behind-the-meter market was a big focus in Q4

2017 and the trend will continue across 2018. As

storage deployments continue to grow, GTM Research

expects soft-cost reductions in the behind-the-meter

market that will bring down storage prices for both

residential and non-residential systems.

Historical System Price Trends: Behind-the-Meter Held Flat Across 2017 

Source: GTM Research

Source: GTM Research

Historical System Price Trends: Non-Residential ($/kW)
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Storage Technology Comparison

Source: GTM Research

Commercialized Energy Storage Technologies: Cost ($/kWh) Versus Cumulative U.S. Installed Capacity (MW)

Cycle life ranges from 300-15,000 depending on depth 

of discharge, mature technology with over 600 MW of 

utility-scale systems deployed, suited for power and 

energy applications from 12-minutes to 4-hour 

discharge on both sides of the meter

Oldest battery technology with cycle life of 1,000 at 

high depth of discharge; particularly suited to the off-

grid market and 4-hour discharge duration or longer

Cycle life of 2,500 to 4,500, suited for peak 

shaving; NaS suited for 6-hour while Na-Ni suited 

for 2- to 6-hour discharge applications

Cycle life of more than 100,000; mature 

in power quality and UPS applications 

and frequency regulation, suited for 
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Storage Technology Comparison (Cont.)

Source: GTM Research

Demonstration/Pilot Phase Energy Storage Technologies: Cumulative U.S. Installed Capacity (MW)

Cycle life varies from 10,000 - 12,000, cost spreads 

from $425-$750/kWh, few projects deployed, VRB 

batteries furthest along while Zn-Br batteries still 

nascent, suited for power and energy-centric 

applications of 4- to 12-hour discharge at rated power

Cycle life of 3,000, suited to applications needing 

4- to 20-hour discharge like microgrids and off-

grid applications

Cycle life of 6,000, pricing ranges from $160-

$200/kWh, demonstration phase, suited for 

applications of 4 hour discharge like peak load 

shaving and power centric applications

Cycle life still under test, suited for 2- to 12-hour discharge 

applications like micogrids and off-grid projects

High power, low energy, cycle life of 1 

million, suited for 2-minutes or less 

power applications like frequency 
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Storage Tech 

Vendor

Power Electronics 

Vendor
Software Vendor System Integrator Developer EPC/Installer Description

In November 2017, SMA announced the release of two 

front-of-the-meter storage products, the Sunny Central 

Storage 2750-EV-US for 1,500-volt projects and Sunny 

Central Storage 2475-US for 1,000-volt projects. 

In December 2017, NEXTracker launched a balance-of-

system solution, NX Drive, pre-engineered for lithium-

ion batteries. These containers can be deployed for 

standalone storage or paired with generation. 

TrinaBESS introduced the addition of off-grid capability 

in its TrinaHome S Series, a residential energy storage 

solution in January 2018. 

In January 2018, Adara Power unveiled its new 

commercial and industrial energy storage solution that 

ranges in size from 30 kW/65 kWh to 1 MW/2 MWh. 

Vendor Ecosystem: New Product/Service Announcements
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Storage Tech 

Vendor

Power Electronics 

Vendor
Software Vendor System Integrator Developer EPC/Installer Description

Fluence, a joint venture between Siemens and AES 

Energy Storage, kicked off its operations in January 2018 

and rolled out its SunFlex Energy Storage Platform for 

the solar-plus-storage market. Fluence also announced 

a dedicated project financing program from Siemens 

Financial Services. 

Vendor Ecosystem: New Product/Service Announcements (Cont.)
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Upstream/Storage 

Tech Vendor

Power Electronics 

Vendor
Software Vendor System Integrator Financier Developer EPC/Installer Description

In November 2017, Peak Power announced a 

partnership with BGIS, a Canadian real estate 

management service provider. Under the partnership, 

Peak Power will offer the Synergy software platform to 

BGIS’ clients.

Exelon and Albemarle, a major lithium supplier, 

partnered up in December 2017 to launch a new 

company, Volta Energy Technologies, which provides a 

model for financing energy storage technologies.

In December 2017, French utility EDF expanded its 

business by moving into the behind-the-meter 

distributed storage market in the U.S.

As of January 2018, Ideal Power will supply JLM’s 

commercial battery and microgrid projects in California 

with its 30kW dual-port Stabiliti series products. 

Vendor Ecosystem: Partnerships and M&A Activity
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Upstream/Storage 

Tech Vendor

Power 

Electronics 

Vendor

Software 

Vendor
System Integrator Financier Developer EPC/Installer Description

Following the acquisition of Green Charge in 2016, 

Engie announced in January 2018 that Green Charge 

will now be rebranded as Engie Storage Services NA. 

In January 2018, SMA and Sunrun entered into a 

partnership; the the inverter maker will supply its 

Sunny Boy US and Sunny Boy Storage US inverters for 

Sunrun’s residential market. 

S&C Electric announced in January 2018 that it will be 

winding down its storage business and refocusing on its 

core competency around medium-voltage switching and 

protection, with a special focus on microgrids. 

In February 2018, Volta Energy Technologies announced 

its first investment in Ionic Materials, a materials 

technology company aiming to commercialize polymer 

electrolyte for solid-state batteries. 

Vendor Ecosystem: Partnerships and M&A Activity (Cont.)
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VC Project Financing Deal Count

• Total corporate investments, including venture funding and project finance, reached $1.4B in 2017, with 63% of this total coming from VC investments. This amounts to a growth of 20% from 2016 when

$1.1B was invested. Notably, 2017 saw a 37% drop in project financing though VC investment more than doubled year-over-year, from $344M in 2016 to $860M in 2017.

• The largest VC deal in 2017 consisted of $400M invested in Microvast by Citic Securities. The largest project financing deal was the establishment of a $250M financing facility to support

solar-plus-storage. The largest deal in Q4 2017 was a $94.4M financing facility for NRStor led by SUSI Energy Storage Fund, followed by a $66M VC investment in Battery Energy Storage

Systems by Tiger Infrastructure Partners.

• 2017 was marked by a fair amount of M&A activity. Highlights from year include: Enel acquiring Demand Energy (Q1), Wartsila acquiring Greensmith (Q2), Aggreko acquiring Younicos (Q3), Trane

acquiring Calmac (Q4). Furthermore, AES Energy Storage and Siemens announced their energy storage joint venture, Fluence, in July 2017 and officially launched activity in January 2018.

Corporate Investments in Energy Storage Reached $1.4B in 2017

Note: The total disclosed investment in 2014 was boosted by a rumored $250 million investment in Boston-Power (shaded in the figure above); Data excludes battery materials and upstream companies. 2014 data differs from U.S. Energy Storage Monitor 2014 Year in Review

due to exclusion of EV startup Atieva and inclusion of stealth startup Fluidic Energy.

2014

Disclosed Corporate Investments in Energy Storage, 2010-Q4 2017 (Million $, Number of Deals)

Source: GTM Research
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Section 201 Trade Case Impacts on U.S. Storage4.
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The Section 201 solar trade case dominated energy market discussions in late 2017 and early 2018. Brought forward by manufacturer Suniva in April 2017 and

supported by manufacturer SolarWorld, the trade case argued that cheap solar panels manufactured in foreign nations had caused injury to U.S. solar

manufacturing. Ultimately, the U.S. International Trade Commission (U.S. ITC) voted unanimously that injury had occurred and made recommendations to the

White House in November 2017. President Trump issued a decision in January 2018 which imposes tariffs on imported cells and modules, as well as a quota

that exempts 2.5 GW of solar cells each year from the tariff. The results of the decision begin in 2018 and will last through 2022.

Given the intertwined nature of the solar and storage markets, the Section 201 decision affects the U.S. energy storage market as well. GTM Research

previously found that the results of the trade case decision will lead to a cumulative decline of 11% in U.S. solar demand during the tariff period (2018-2022),

with 65% of this reduction coming from front-of-the-meter solar. However, the question remains: How much of an effect will the trade case have on the U.S.

energy storage market during that time?

Section 201 Solar Trade Case Possesses Implications For Storage Market

PUCO Case No. 17-0032-EL-AIR et al. 

OCC-POD-05-043 ATTACH A 

Page 43 of 105

Exhibit BRA-21 
Page 44 of 106



43GTM Research / ESA | U.S. Energy Storage Monitor 2017 Year In Review and Q1 2018

April 26, 2017

• Suniva, a U.S.-based 

manufacturer, 

declares bankruptcy, 

files Section 201 

trade petition. 

Proposes $0.40/W 

cell tariff and 

$0.78/W minimum 

module import price.

May 25, 2017

• SolarWorld, parent 

company of the 

largest U.S. 

crystalline-silicon 

solar manufacturer, 

files for insolvency 

citing “ongoing price 

erosion,” signs on as 

co-petitioner.

September 22, 2017

• U.S. ITC votes unanimously 

that serious injury 

occurred due to imports. 

• Excludes Singapore, 

Canada and free trade 

agreement countries 

(except Mexico and Korea) 

from remedy scope.

November 13, 2017

• U.S. ITC 

recommendation 

report submitted to the 

White House. 

• Suggested remedies are 

less severe than those 

initially requested, but 

still significant.

January, 2018

• White House issues 

decision implementing 

an ad valorem tariff 

dropping over four 

years per one of the 

suggested remedies 

and pairing it with a 

more generous 2.5 GW 

cell quota.

Section 201 Context and Results: Year 1 Module Prices to Increase by $0.10/W

Final Decision on Section 201 Year 1 Year 2 Year 3 Year 4

Time Period Feb. 7, 2018-Feb. 6, 2019 Feb. 7, 2019-Feb. 6, 2020 Feb. 7, 2020-Feb. 6, 2021 Feb. 7, 2021-Feb. 6, 2022 

Safeguard Tariff on Cells and Modules 30% 25% 20% 15%

Cells Exempted from Tariff (Quota) 2.5 GW 2.5 GW 2.5 GW 2.5 GW

Source: GTM Research, U.S. Solar Outlook – Initial Reactions to Section 201 Decision

Final Decision on Section 201 Will Result in an Average $0.10/W Increase in Year 1 Prices to Modules, Stepping Down to a $0.04/W Premium by Year 4
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Section 201: FTM Solar-Plus-Storage Pipeline – Which Markets Will Be Affected? Which Are insulated?

Massachusetts has several large 

solar-plus-storage projects in the 

pipeline which will be affected, 

but incentive programs such as 

the ACES project grants will 

insulate the solar-plus-storage 

market during the short-term 

tariff years.

Florida resiliency concerns will 

cause solar-plus-storage adoption 

despite tariffs, but economics will 

be affected. Legislative muscle will 

be required to incentivize resiliency.

California’s new-build utility 

installations will be affected, but the 

side effects of its existing solar 

capacity (such as the notorious “duck 

curve”) will exist regardless of new 

build, giving storage an opportunity 

to pair with existing resources.

Texas’ solar market was on the cusp of 

taking off, particularly in West Texas, 

but solar tariffs will slow adoption, 

limiting storage’s role. 

Its island setting and rich solar resources 

ensure that Hawaii is still an attractive 

market, and we expect its solar-plus-

storage capacity to grow despite the tariffs. 

Large S+S pipeline (>10 MW)

Medium S+S pipeline

Some historical S+S

North Carolina’s emerging solar-

plus-storage market will be 

dramatically affected in the short 

term as economics were just 

beginning to break even.

In Minnesota, the economics for solar-

plus-storage will stall what was an 

emerging market with several 

innovative projects in the pipeline. 

Arizona’s solar economics, as 

demonstrated by the 4.5 cent solar-

plus-storage PPA signed by utility TEP 

in 2017, will allow solar-plus-storage to 

flourish despite tariffs. 
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Firming / Ramp Control (includes wind applications) Solar-Plus-Storage Capacity Non-Solar-Linked Applications Previous Solar-Paired Forecast

Front-of-the-Meter Energy Storage Forecasts Dip Due to 201 but Recover for 2023

Solar-plus-storage continues to emerge as a business case during the tariff 

years of 2018 through 2022, driven by grants and pilot programs in some 

markets and favorable economics in the Southwest U.S., though deployments 

are slightly depressed in 2018-2019 by increased costs.

As tariffs drop off completely in 2022, the solar-plus-storage market swells, accelerating solar-paired 

systems and overall deployments through 2023. By 2023 one out of every three front-of-the-meter MW 

installed in the U.S. will be solar-paired.

Source: GTM Research

Updated Front-of-the-Meter Forecast Comparison: Solar-Plus-Storage Breakout
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Section 201 Causes 17% Reduction in Net Present Value for Residential Solar-Plus-Storage

Source: GTM Research. Based on 5 kW/13.5 kWh Li-ion storage system paired with a 10 kWdc solar PV system under DR-SES tariff.

SDG&E Residential Solar-Plus-Storage NPV, 2018

Source: GTM Research. Based on 5 kW/13.5 kWh Li-ion storage system paired with a 10 kWdc solar PV system under DR-SES tariff.

SDG&E Residential Solar-Plus-Storage IRR, 2018

• GTM Research analyzed two cases for residential solar-plus-storage deployed in SDG&E territory in 2018: one based on solar system prices in the absence of Section 201 effects, and

one affected by the results of Section 201. In this case, Section 201 adds a roughly 9% price increase to residential solar in California.

• Our analysis found that the increased solar system prices led to a 17% reduction in NPV and a 140-basis-point reduction in IRR. Even in the Section 201 case, solar-plus-storage holds

onto a positive NPV and healthy IRR in SDG&E territory.

• Though the reduction is not massive, any change in IRR and NPV can have nontrivial effects on the storage market, which remains in the early-adopter phase and thus is sensitive to

changing economics. Nevertheless, today’s residential storage adopters are relatively inelastic to smaller shifts in PV prices, and thus storage demand will fall at a smaller rate than

solar demand as a result of Section 201.

PUCO Case No. 17-0032-EL-AIR et al. 

OCC-POD-05-043 ATTACH A 

Page 47 of 105

Exhibit BRA-21 
Page 48 of 106



47GTM Research / ESA | U.S. Energy Storage Monitor 2017 Year In Review and Q1 2018

The fates of solar and energy storage are becoming rapidly intertwined, but near-term energy storage deployments will not be heavily affected by the Section 201 trade case as

energy storage continues to stand on its own. While lower solar installations will affect energy storage in the long term, the industry benefits from established standalone business

cases, from resource adequacy, to demand charge management, to ancillary services.

The next five years were seen to be solar-plus-storage’s party, with a solar tariff the uninvited guest, but the overall effects could be muted as existing capacity drives the need for

storage even as new-build front-of-the-meter deployments slow. Energy storage is increasingly looking at longer horizons through utility integrated resource plans, wholesale market

reforms, and grid modernization efforts, so a slight downturn in one particular use case will not be enough to significantly slow the market’s growth. Furthermore, a significant number

of solar installers and developers on both sides of the meter are focusing on storage as a value-add for their business, and in some cases this will increase the overall proportion of

solar-plus-storage installations over the next few years.

Beyond “don’t panic,” the effects of the trade case could even have a silver lining. Even as non-residential and residential solar deployments slow, developers will begin integrating

more storage into their offerings, resulting in fewer solar systems on roofs but storage being attached to more of them. The same could be true for front-of-the-meter, where a

developer could more easily absorb a $0.10/W increase when it is spread across a broader system including storage.

Section 201 – Key Takeaway for Energy Storage: Don’t Panic
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Front-of-the-Meter Market Trends5.
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Texas Continues to Drive Front-of-the-Meter Deployments in Late 2017 

Source: GTM Research

U.S. Quarterly Front-of-the-Meter Energy Storage Deployments (MW)
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• 27.8 MW of front-of-the-meter energy storage came online in Q4 2017.

• Texas again made up the lion’s share, accounting for 78% of quarterly 

megawatts installed.

• A large batch of distributed solar-plus-storage in North Carolina made up the 

rest of the market in Q4 2017.
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North Carolina Emerges With 48% of Installed FTM MWh in Q4 2017

U.S. Quarterly Front-of-the-Meter Energy Storage Deployments (MWh)

Source: GTM Research
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• 23 MWh of front-of-the-meter energy storage came online in Q4 2017.

• The Texas projects were primarily short-duration, allowing the 2-hour systems 

deployed in North Carolina to make up 48% of all installed MWh in Q4 2017.
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U.S. Utility Energy Storage Pipeline Grows as Bets Are Placed in Massachusetts

Source: GTM Research

U.S. Front-of-the-Meter Energy Storage Deployment and Pipeline (MW) • The total front-of-the-meter pipeline through Q4 2017 is 15,832, up from 15,011 in Q3

2017, a 4 percent increase.

• California continues to represent the largest tracked pipeline with over 10.7 GW

of projects under construction, contracted or planned, accounting for over 67%

of the total pipeline.

• Reductions in PJM’s interconnection queue have been significantly offset by several

major projects added to the ISO-NE interconnection queue in Massachusetts.

• Several of the projects listed as battery systems in CAISO’s interconnection queue are

enormous, well beyond the scope of any project installed to date, and even potentially

beyond the capability of the supply chain to support, indicating that they are speculative

and not representative of long-term planning.
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Note that as of Q4 2016, GTM Research no longer includes the wholesale distribution access tariff queues for California’s investor-owned

utilities, as there is a significant overlap with the California ISO interconnection queue.
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• The total front-of-the-meter pipeline through Q4 2017 is 15,832, up from 15,011 in Q3 2017, a 4 percent increase, with many new projects added to the ISO-NE interconnection queue.

• Massachusetts’ pipeline grew dramatically to 508 MW, up from only a handful of MW the quarter before, following announcements of a major deferral project on Nantucket, multiple FTM ACES

award winners, and the addition of several large storage projects to the interconnection queue.

• Discounting Texas’ planned compressed air projects positions Massachusetts as the No. 3 market in terms of active pipeline, surpassing New York, PJM and Hawaii.

• GTM Research includes Hawaiian Electric’s 60 to 200 MW RFP at 90 MW, as reported in the utility’s Power Supply Improvement Plan submitted to the Hawaii PUC.

U.S. Utility Energy Storage Pipeline Still Concentrated in a Few Markets

Market Operational (Since Q3 2008) Under Construction Under Development or Contracted

Arizona 25.5 0.025 2666

California 166 103 10650

Hawaii 53 2 160

Massachusetts 3 0.5 508

New Jersey 2.8 0.5 20

New York 20 0.19 259

PJM (Excl. NJ) 306 92 143

Texas 97 0 696

All Others 132 3 529

Total 806 202 15,630

Source: GTM Research

U.S. Front-of-the-Meter Energy Storage Deployment and Pipeline Through Q4 2017 (MW)
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Market 2018 2019 2020 2021 2022+ Unspecified/Delayed

Arizona 22 30 2,083 0 530 2

California 546 2,478 4,195 2,720 804 10

Hawaii 20 104 0 0 0 38

Massachusetts 4 0 20 400 75 9

New Jersey 0 1 0 0 0 20

New York 74 175 0 0 0 10

PJM (Excl. NJ) 124 0 0 0 0 111

Texas 270 0 404 0 0 22

All Others 45 184 50 0 0 252

Total 1,106 2,972 6,751 3,120 1,409 474

U.S. Utility Energy Storage Pipeline by Requested Commissioning Date (MW)

• 1,106 MW of projects submitted 2018 as their requested interconnection date, but GTM Research expects that only a portion of these megawatts will actually get interconnected in 2018. Developers with projects in the PJM queue, 

especially in the early stages of development, will likely adopt a conservative approach to the evolving PJM market rules, and it is unclear if Texas'  large compressed air project will move forward. 

• California ISO Cluster applications submitted in April 2017 included large blocks with 2019 and 2020 as the requested interconnection period. It is unlikely that all projects will get interconnected, given the timeline of AB 2514 and

the fact that several of those projects did not win any RFPs. Of particular note is the size of several projects listed as solar-plus-storage projects with incredibly large (GW-scale in the case of one project listed for Arizona) storage

portions, which are unlikely to move forward at that scale.

• The latest ISO-NE interconnection queue update included numerous large projects with submitted interconnection dates of 2020 and 2021, indicating that this market is receiving particular interest following the implementation of

a storage mandate and numerous grants and regulatory advantages.

• The Texas pipeline consists primarily of two compressed-air projects with interconnection targets of 2018 and 2020, totaling 594 MW.

• It should be noted that the project pipelines in all other markets are potentially under-reported, as projects on the distribution grid or in regulated markets do not apply to ISOs/RTOs for interconnection queue requests.

Source: GTM Research

Projected U.S. Front-of-the-Meter Energy Storage Pipeline by Requested Commissioning Date (MW)
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Massachusetts Makes a Big Splash, Other Pipelines Remain Steady

U.S. Front-of-the-Meter Energy Storage Pipeline by Market, Q3 2015-Q4 2017 (MW) U.S. Front-of-the-Meter Energy Storage Pipeline Market Share, Q3 2015-Q4 2017 (%)

Source: GTM Research Source: GTM Research

• California continues to represent the majority of the front-of-the-meter energy storage pipeline, holding 67% of the pipeline, down slightly from 70% of the total pipeline in Q3 2017.

• Massachusetts marked the biggest change with 500 MW of pipeline projects tracked, bumping the state to over 3% of the total pipeline. The majority of these projects were tracked from the

ISO-NE interconnection queue, but several other projects have been contracted publicly as well.

• A full list of tracked projects and interconnection queue applications is available in GTM Research’s Energy Storage Data Hub.
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Front-of-the-Meter Policy and Market Developments, Q1 2018

California

Natural-gas peaking assets were dealt a serious blow, 

as both existing (PG&E) and planned (SCE) units are 

being re-examined with an eye toward replacing them 

with energy storage. The CPUC released a decision on 

multiple use cases. PG&E’s latest energy storage 

procurement awarded 165 MW of energy storage 

projects, primarily at the transmission level. 

Governor Cuomo proposed a bold 1.5 GW energy storage 

target alongside announcements of $260 million in funding 

from the state’s green bank and NYSERDA. NYISO refined 

storage participation and eligibility. Orange & Rockland 

announced an NY REV demonstration project to explore 

storage value streams via a 4 MW/8 MWh storage portfolio.

New York

Activity continues in proceedings in PJM and MISO – the latest 

MISO working group meeting discussed a potential new 

resource type for storage.

ISO / RTO MarketsFERC ruled in favor of energy storage participation and eligibility in 

wholesale markets. A new energy storage tax credit was introduced in 

the U.S. House of Representatives, though its future is unclear. The 

budget resolution from February 2018 notably excluded energy 

storage while extending tax credits to many other technologies.

Federal

HB 1647, which permits distribution utilities to own storage

and monetize it in wholesale markets, was introduced in

the New Hampshire General Court, the state legislature.

New Hampshire

Arizona

A massive energy modernization effort was proposed 

by the Arizona Corporate Commission, including a 3 GW 

energy storage target, while Salt River Project released 

a new RFP. 

The Public Utility Commission of Texas moved to deny 

AEP’s proposed energy storage deferral project, but 

opened a docket to study the issue that will consider 

storage ownership by distribution utilities in Texas.

Texas

Duke released its updated 2017 integrated resource plan, 

including the potential for 75 MW of energy storage. 

North Carolina

Michigan’s PSC moved to require 

examination of energy storage in new 

integrated resource planning guidelines. 

MichiganColorado

Xcel announced median bid prices for storage and 

renewable-paired storage for projects targeting 2023 

completion dates, indicating the industry’s optimism 

on continuing price declines.

Winners for the Advancing Commonwealth Energy Storage 

(ACES) program were announced – 26 projects across a variety 

of use cases. 

Massachusetts

Great River Energy launched a 10 

MW solar-paired storage RFP.

Minnesota
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FERC Rules Energy Storage Must Be Eligible to Participate in Wholesale Markets

ISO Map Source: FERC

On February 15, FERC released draft final rules adopting participation and eligibility 

requirements for energy storage in ISOs and RTOs, implementing the notice of proposed 

rulemaking introduced in November 2016. 

The ruling requires each RTO and ISO to revise its tariffs to ensure energy storage can participate fully in all 

markets for which it is “technically capable of providing” services, and that such participation will account for 

the unique operating characteristics of energy storage as a resource. 

The long-anticipated announcement by FERC makes law the rules proposed more than a year ago, and it is hard 

to overstate just how much of the front-of-the-meter energy storage market this affects. About half of all 

electricity in the U.S. passes through a wholesale electricity market under FERC’s authority (ERCOT notably is not 

under this umbrella), and while that very large playing field has just been leveled in storage’s favor this process 

was already underway in four of the six affected ISOs and it is still up to the industry to get out and compete. 

They will have to wait before they can – proposed tariff changes are not due from the ISOs for 270 days, with 

a further 365 to implement them, meaning the industry won’t be reaping the benefits of the changes until 

almost 2020. Plenty of time to start planning.

Keep your eyes on two little words in the ruling – energy storage must be eligible for any services they are 

“technically capable” of providing. Could this term be used to, for instance, disqualify storage from providing 

capacity in markets with open-ended performance requirements?

Significantly affected: ISO-NE and SPP, which have both moved slowly to 

implement market rules for energy storage implementation, and MISO, 

where the process has just gotten started. The opportunity in all three 

markets is substantial, representing all or part of 15 states where we have 

seen limited or no FTM storage deployments or announced projects.

Less affected: CAISO, PJM and NYISO, where energy storage participation 

rules are already comparatively robust or being actively designed. ERCOT

will not be immediately affected as it is the only ISO that does not fall under 

FERC’s jurisdiction, but it will be affected in the long term if storage 

participation in other markets demonstrates positive results. 
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In December 2017, SCE released its local capacity requirements procurement plan for the Moorpark sub-area, identifying transmission solutions that reduce the required amount of

capacity needed. The overall LCR deficiency in the region totals 318 MW. The transmission upgrade will address 232 MW needed, leaving 76 MW to procure after accounting for one

existing 10 MW system. A localized grid resilience issue in Goleta could make storage unfeasible (the planning document suggests that there may not be enough backup transmission to

charge an asset during off-peak hours), so a natural-gas facility under 55 MW is considered in this area. The initial plan to ensure capacity for this region, NRG’s Puente natural gas plan,

has been scrapped entirely, and SCE expects “that cost-competitive energy storage will be a critical component of the LCR Moorpark resource portfolio.”

In PG&E, a different but parallel story unfolded after Calpine submitted must-run offerings for several of its natural gas plants, then informed CAISO if it didn’t receive the RMR contracts it

would not make the facilities available. CAISO determined two of the peaking assets (Yuba City and Feather River Energy) were required to provide local capacity, and deemed the entire

Metcalf generation facility a must-run resource. The CPUC then interjected, telling PG&E in December 2017 to run a competitive solicitation that would include preferred resources and

energy storage, following up with a formal notice in January 2018.

These dramatic shifts from natural gas to transmission and storage/preferred resources demonstrates the unique conditions at play in California, where an active legislature, engaged

independent system operator, and forward-looking investor-owned utilities meet to create a regulatory perfect storm in favor of storage. This trend is not limited to California, though

that market, with its unique intersection of legislative muscle, aggressive renewable goals and active ISO, make it a leader in the space. Notably, the University of Minnesota's Energy

Transition Lab published a study in July 2017 indicating that solar-plus-storage was cost-effective for providing peak summer demand on a hot day. New York seems to be the market

most likely to pick up the proverbial torch, as the NY-ISO ramps up its storage investigations while the state government aggressively promotes storage and renewables. New England

could follow, although ISO-NE is not as actively engaged as other operators, and this could act as a bottleneck for widespread storage adoption.

California Activity Is a Shot Across the Bow for Natural Gas Peakers – Storage Is Coming
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In January 2018, Arizona Corporation Commissioner Andy Tobin proposed the Arizona Energy Modernization Plan.

• The proposal would, among a wide range of goals, set a 3 GW energy storage target by 2030, leapfrogging established or proposed targets in California, Oregon, Massachusetts and

New York and establishing Arizona as a leader in the field.

• Aside from the energy storage target, other portions of the bill would greatly spur storage deployments, including a clean peak standard, which would incrementally increase the

percentage of peak load utilities would need to procure year by year through 2030. Such a requirement would likely significantly benefit storage with its unique ability to time-shift

clean resources to periods of peak demand.

• Arizona made numerous headlines throughout 2017, with aggressive integrated resource plans and significant project announcements and installations, but this plan sets a new even

more aspirational tone by wrapping storage, EV infrastructure, clean peak, efficiency, and even biomass into one centralized vision with the end goal of an 80% clean energy (including

nuclear) standard by 2050.

• This marks one of the first portfolio updates proposed, since most were announced prior to the renewable energy boom of the past decade, and it sets a benchmark for other states.

Arizona, with its abundant solar resources, was an obvious candidate for an overhaul as its utilities had already met the initial 15% renewable standard.

• Initial replies to the proposal from utilities were noncommittal, and prospects for the plan are unclear. Tobin will ask the ACC to consider the issue in February.

Arizona Steps Into the Leadership Role
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New York’s Eye Test: Is the “Energy Vision” Finally Coming Into Focus?

Governor Cuomo Eyes 1.5 GW Energy Storage Target

The biggest news to come out of New York this quarter was legislation signed in November 2017 directing the Public Service Commission

to adopt an energy storage target. Governor Cuomo set out his own 1.5 GW target for the state by 2025, a benchmark that will inform the

PSC’s deliberations. From the legislative and executive side, energy storage, along with offshore wind, has clearly emerged as an area of

wide-ranging consensus amid the Reforming the Energy Vision proceeding. If similar mandates in California and Massachusetts are any

indication, it will likely be well into 2018, if not 2019, before the PSC implements the storage target.

Massive Funding: $200 Million From the Green Bank and $60 Million From NYSERDA Put the Spotlight on Pilots

The governor’s target comes with some serious teeth in the form of $200 million from the New York Green Bank and $60 million from

NYSERDA toward energy storage pilots and deployments. This kind of large-scale investment will be just the momentum needed to drive

storage deployments in a state where regulatory hurdles have, to date, stifled what would otherwise be a promising front-of-the-meter

market for storage.

NYISO Provides Visibility on Storage Integration and Eligibility

The NYISO has also been hard at work under REV, creating a storage integration proposal that mirrors many of the proposals from 2016’s

FERC NOPR, and refining eligibility requirements for storage to ensure participate in wholesale markets. Such changes will be critical as

New York truly revs up its investment in storage for truly sustainable business models to emerge.
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Utility Procurement Amount Resources Included Bid Date Due
Commissioning 

Date
Notable Details

Great River Energy 10 MW storage, 10 MW solar Solar and storage February 23, 2018 End of 2019

Energy storage systems will be co-located with the solar systems and 

operate under what GRE describes as a Long Term Energy Storage 

Services Agreement with terms of at least 10 years.

Nevada Energy
330 MW of renewables, storage 

sized 25 MW or greater

Renewable energy 

and storage
February 2, 2018 2020 and 2021

The fact that energy storage is considered in a supplement to the 

primary RFP indicates that Nevada Energy does not want storage to 

displace other assets in the bidding process, or that the utility sees 

storage as a significantly different technology distinct from renewables.

Salt River Project 100 MW of renewables

Solar, wind, 

geothermal and 

biomass

March 9, 2018 End of 2020

Bidders are encouraged to include energy storage (for the purposes of 

meeting SRP peak needs) in their proposals, though complementary 

proposals without energy storage are required.

Orange and 

Rockland

Seven projects ranging from 1-

15 MW
Multiple

Varies by project –

through 2019

Varies by project –

through 2022
Load relief and reliability were the drivers for all seven projects

Xcel Energy
454 MW to meet forecasted

demand, and up to 1,114 MW
Multiple November 2017 End of 2023

Median bid prices released show some of the lowest storage and 

renewable-paired storage prices to date

Storage Increasingly on Utilities’ Radar, Included in Many Renewables RFPs

In three of the cases shown above, energy storage has been directly included or encouraged in RFPs otherwise focused on renewable energy, highlighting use cases from peak capacity, to solar

integration, to capturing curtailed wind energy. Additionally, Xcel’s all-source solicitation in Colorado, though closed, shows the remarkable potential for renewable-paired storage. The

commission’s phase II decision is due in July, but before then the median prices revealed showed that storage is increasingly competitive even when competing with traditional generation. While

standalone renewables will continue to be the norm over the next two procurements happening now, representing installations two to five years out, they increasingly highlight storage. We are

seeing an inflection point in utility planning where storage becomes the norm, rather than the exception, when considering procuring renewable energy.
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Counterparty Name Parent Company Online Date Connection Point Term (years) Size (MW)

Calstor EDF Renewable Energy 11/1/2020
Customer (Behind the 

Retail Meter)
10 10

Cascade Energy Storage Enel Green Power 12/1/2022 Transmission 20 25

Diablo Energy Storage LS Power 12/1/2021 Transmission 10 50

Kingston Energy Storage Enel Green Power 12/1/2023 Transmission 10 50

Sierra Energy Storage
IHI Power Services/ Enel 

Green Power
12/1/2023 Transmission 10 10

Tesla, Inc. Tesla, Inc. 11/1/2021 Distribution 20 20

PG&E’s 165 MW Procurement Shows Continued Focus on Solar Integration and Deferral 

PG&E’s 2016 energy storage RFO’s winning bids were announced in December 2017. Six projects were awarded totaling 165 MW, with front-of-the-meter projects winning the lion’s

share, 155 MW. Commissioning dates vary from 2020 to 2023, as do project sizes and PPA terms, though there are two points of consistency – all projects will have 4-hour durations and,

unsurprisingly, use lithium-ion technology. The awarded projects mark another set of signposts for the storage market, as PG&E identified three existing solar facilities it owns and

operates that would benefit from the addition of storage and a distribution station where storage could defer significant investment. Solar integration and deferral were key trends for

storage in 2017, and with this announcement the market shows continued optimism in these two verticals.
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• The California PUC released a decision on multiple use cases for energy storage that was generally in line with outlines and proposals set and discussed by ISOs and stakeholders in the

past. The primary clarification divides use cases into domains (customer, distribution and transmission), and establishes that systems operating in a more distributed domain can provide

services up, but systems cannot provide services down (e.g., a system operating in the customer domain can provide services in all domains, but a system operating in the transmission

domain cannot provide services in the distribution or customer domain).

• The U.S. House of Representatives introduced HR 4649 in December 2017 which would extend a tax credit to energy storage systems. Similar bills have been introduced in the past, and in the

current legislative climate, particularly in an election year, progress on new minor legislation is likely to be slow. Some industry stakeholders are optimistic a compromise could be included

into a larger budget in the future, as has happened with extensions of the PTC and ITC in the past. The latest budget deal in February omitted any energy storage tax credit.

• MISO’s energy storage task force continues to progress, with the latest meeting on January 23, 2018 discussing the new resource type (stored resource type II), and issues related to

asset dispatch, commitment, state of charge, and priority. The next meeting is set for March 1.

• The Massachusetts Clean Energy Center announced the winners of its Advancing Commonwealth Energy Storage (ACES) program in December 2017, awarding $20 million (double the initial

amount) to 26 projects ranging from customer-sited systems at state universities to large front-of-the-meter projects for utilities. The projects represent 32 MW and 85 MWh of energy

storage projects across multiple value streams and technologies, and are set to provide a true sandbox for storage, demonstrating storage’s potential across the entire value chain.

• In January 2018, HB 1647 was introduced in the New Hampshire state legislature. The bill permits distribution service companies to own energy storage and mandates that storage

not be precluded from earning revenue in the ISO New England wholesale market. If passed, the bill will increase the opportunity for FTM storage in New Hampshire as new

opportunities will exist for utilities to deploy and monetize such assets. As of late February 2018, the bill remains in committee.

FTM Energy Storage Policy Roundup
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• The Public Utility Commission of Texas moved to deny AEP’s proposed energy storage deferral project, but it opened a docket to study the issue to consider storage ownership by

distribution utilities in Texas, which under current law are not permitted to own generation resources.

• In February 2018, Orange & Rockland announced a demonstration project under NY REV to explore non-residential energy storage value-stacking using a 4 MW/8 MWh portfolio

developed, designed, installed, operated and maintained by Tesla; half the portfolio will consist of non-residential BTM projects and half will be from remote solar-plus-storage

projects. O&R will retain dispatch benefits and operational priority of the aggregated fleet to supply grid services.

FTM Energy Storage Policy Roundup (Cont.)
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GTM Research analysis suggests that there will be four broad application areas for front-of-the-meter energy storage.

Ancillary services: Historically, PJM had been the only market with sufficiently high regulation prices to provide a clear entry opportunity for new merchant energy storage. Recently, however,

systems have gone online in other regions, and two systems providing regulation in ERCOT drop deployments this quarter. Even regions without frequency regulation wholesale market products

are considering whether to procure energy storage for ancillary services, particularly as they deal with greater penetration of renewables. ISO-NE and MISO have recently tweaked their fast-

regulation market rules, and the Southwest Power Pool is actively working to develop them. Ancillary services are seeing deployments outside of ISO footprints, in applications as varied as

providing black-start services in the Imperial Irrigation District in California to managing the Arizona grid.

Capacity and demand management: SCE has led energy-storage procurement for local capacity requirements, and SDG&E has followed suit, even expediting its projects in response to

the Aliso Canyon gas leak. Utilities in New York state have issued RFPs for front-of-the-meter energy storage to meet their capacity needs. Utilities in the Northeast U.S. are increasingly

looking to energy storage as a means to reduce capacity payments. New York’s storage mandate is expected to result in increased storage procurement by state utilities for capacity

needs, and multiple utilities across the country have included energy storage as a capacity resource in their integrated resource plans.

Generation and T&D deferral: Utilities are beginning to value electricity infrastructure-investment deferral use cases for energy storage, as evidenced by PG&E’s distribution deferral RFO

and the recent activity in Arizona and Massachusetts, as discussed previously in this report. However, in the restructured markets, storage used for deferral cannot be bid into wholesale

markets until initiatives such as ESDER Phase 2 and others become operational. This will result in storage procurements for deferral continuing to occur through bilateral agreements,

such as the ones in place in Arizona, Ohio and Washington. In a policy statement, FERC supported simultaneous use of storage for market and cost-recovery applications. A newly

announced 8-hour project in Nantucket, Massachusetts indicates that this could be a strong market for long-duration systems.

Renewable integration: Hawaii and Puerto Rico were some of the first markets to deploy energy storage for renewable integration. A similar trend is now being seen in California and

Arizona, among other markets, where the concept of firm solar PPAs is gaining traction. Salt River Project in Arizona is deploying a 40 MWh system, while Tucson Electric Power recently

announced a 120 MWh solar-paired system scheduled to come online in 2019. Municipal cooperatives have made moves on solar-plus-storage projects as well; examples include Austin

Energy, Connecticut Municipal Electric Energy Cooperative, Kauai Island Utility Cooperative, and most recently the Brunswick Electric Membership Corporation in North Carolina.

Front-of-the-Meter Market Outlook: Applications
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GTM Research’s outlook on key front-of-the-meter markets is presented below.

California: California will lead front-of-the-meter energy storage deployments through 2023, mainly driven by AB 2514 procurement targets.

Hawaii: HECO in its most recent Power Supply Improvement Plan reported a 70 MW project in Oahu with a 2019 completion date and an additional 100 MW for regulation. GTM

Research expects deployments toward this PSIP will be responsible for most of the market growth in Hawaiian Electric Utilities’ footprint, with an upside if additional ancillary services

and load-shifting needs are identified, as well as with additional storage procurement by Kauai Island Utility Cooperative.

Arizona: With APS’ recent integrated resource plan calling for more than 500 MW of energy storage by 2032, Tucson Electric Power announcing a 120 MWh solar-paired system, and Salt River

Project even getting in on the action with a 40 MWh solar-paired system, Arizona emerged in 2017 as a key market to watch for grid-side energy storage over the next several years. The trend

continues in 2018 with a large solar-plus-storage system announced and significant legislative activity.

Massachusetts: Massachusetts is the third state to pass an energy storage mandate, announced to be a 200 MWh “aspirational” target by January 1, 2020. Based on the economics of

these projects, the Department of Energy Resources may increase or enhance the storage target over the following years, resulting in an upside market through 2025.

PJM: PJM will continue to grow at a slower pace (compared to the boom years of 2013 through 2015) in the short term, as changes to the dynamic regulation signal have significantly

altered project economics in the ISO’s territory. There will be a resurgence as PJM revamps and storage finds its footing in capacity performance products and other applications across

the large market. The market’s upside is significantly reliant on FERC, which may require the ISO to review its energy storage participation requirements through the complaint filed over

the regulation market changes or through the notice of proposed rulemaking released in November 2016.

Texas: Despite passing on reforming its ancillary services market last year, some small projects have been installed or planned in the region. Further upside for the market relies on

planned compressed-air energy storage projects, though their future and financing remains up in the air. Bethel Energy Center, the first of the two CAES projects to receive

interconnection approval, could come online in 2020.

All Others: The Midwest, New England, Pacific Northwest states and Puerto Rico have taken the early charge on front-of-the-meter energy storage adoption in the “All Others” market

category, although Florida, Colorado and other markets continue to emerge.

Front-of-the-Meter Market Outlook: Markets
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Front-of-the-Meter Market Outlook (MW) 

Source: GTM Research

U.S. Annual Front-of-the-meter Energy Storage Deployment Forecast, 2012-2023E (MW)
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• California will lead the market through 2023 with large-scale capacity applications and 

solar-plus-storage installations driving significant growth.

• The 2018-2022 outlook for front-of-the-meter systems grew by 1.6% between Q3 2017 

and Q4 2018. A decline in solar-plus-storage systems due to the four-year solar module 

tariffs will be offset by renewed investment in markets with significant regulatory support 

such as Massachusetts, New York and Arizona, as well as emerging markets.

• Front-of-the-meter deployments will exceed 1 GW per year by 2020, rising to 1,785 MW 

by 2023 as costs continue to fall. 
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Front-of-the-Meter Market Outlook (MWh)

U.S. Annual Front-of-the-Meter Energy Storage Deployment Forecast, 2012-2023E (MWh)

Source: GTM Research
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• California will lead the market through 2023, with large-scale capacity 

systems driving significant MWh deployment. 

• Discharge durations for capacity and solar applications will continue to rise, 

approaching a 4-hour average within the forecast period, while ancillary 

services projects will continue to operate at 30 minutes or less. 
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Behind-the-Meter Market Trends6.
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Behind-the-Meter Policy and Market Developments, Q1 2018

California

CPUC issued an order on storage for virtual net 

metering customers; it also established a working group 

to develop a greenhouse gas signal for SGIP-funded 

energy storage projects. The CPUC also issued guidance 

for multiple use applications.

Massachusetts

MA DOER announced the results of the SMART 

auction. MA DPU approved new rates for 

Eversource DER customers that include a 

residential demand charge. ACES award 

winners were announced.

Hawaii

A bill to establish a storage tax credit was introduced in the 

Hawaii State Senate.

New York

Con Edison initiated the next stage of its Demand Management Program, 

which includes incentives for battery and thermal storage. Governor 

Cuomo proposed a bold 1.5 GW energy storage target alongside 

announcements of $260 million in funding from the state’s green bank and 

NYSERDA. Orange & Rockland announced an NY REV demonstration project 

to explore storage value streams via a 4 MW/8 MWh storage portfolio.

Florida

The state legislature introduced bills that, if passed, 

would establish a pilot program to explore 

resilience benefits from DERs including storage.

Colorado

Members of the Colorado State Senate Agriculture, 

Natural Resources and Energy Committee voted to send 

Senate Bill 18-009, which would ensure customers have 

the right to install and use electricity storage, to the state 

Senate; such bills are key for reducing customer barriers 

to installing storage.

Arizona

A massive energy modernization effort was proposed 

by the Arizona Corporate Commission, including a 3 GW 

energy storage target.

New Mexico

A BTM storage tax credit bill was introduced in the 

New Mexico state legislature.

Maryland

Maryland’s storage tax credit officially launched 

in January 2018.

Virginia

A BTM storage tax credit bill was introduced in 

the Virginia state legislature.
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In January 2018, Arizona Corporation Commissioner Andy Tobin proposed the Arizona Energy Modernization Plan.

• The proposal would, among a wide range of goals, set a 3 GW energy storage target by 2030, leapfrogging established or proposed targets in California, Oregon, Massachusetts and

New York and establishing Arizona as a leader in the field.

• Aside from the energy storage target, other portions of the bill would greatly spur storage deployments, including a clean peak standard, which would incrementally increase the

percentage of peak load utilities would need to procure year by year through 2030. Such a requirement would likely significantly benefit storage with its unique ability to time-shift

clean resources to periods of peak demand.

• Arizona made numerous headlines throughout 2017, with aggressive integrated resource plans and significant project announcements and installations, but this plan sets a new even

more aspirational tone by wrapping storage, EV infrastructure, clean peak, efficiency, and even biomass into one centralized vision with the end goal of an 80% clean energy (including

nuclear) standard by 2050.

• This marks one of the first portfolio updates proposed, since most were announced prior to the renewable energy boom of the past decade, and it sets a benchmark for other states.

Arizona, with its abundant solar resources, was an obvious candidate for an overhaul as its utilities had already met the initial 15% renewable standard.

• Initial replies to the proposal from utilities were noncommittal, and prospects for the plan are unclear. Tobin will ask the ACC to consider the issue in February.

Arizona Steps Into the Leadership Role
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New York’s Eye Test: Is the “Energy Vision” Finally Coming Into Focus?

Governor Cuomo Eyes 1.5 GW Energy Storage Target

The biggest news to come out of New York this quarter was legislation signed in November 2017 directing the Public Service Commission

to adopt an energy storage target. Governor Cuomo set out his own 1.5 GW target for the state by 2025, a benchmark that will inform the

PSC’s deliberations. From the legislative and executive side, energy storage, along with offshore wind, has clearly emerged as an area of

wide-ranging consensus amid the Reforming the Energy Vision proceeding. If similar mandates in California and Massachusetts are any

indication, it will likely be well into 2018, if not 2019, before the PSC implements the storage target.

Massive Funding: $200 Million From the Green Bank and $60 Million From NYSERDA Put the Spotlight on Pilots

The governor’s target comes with some serious teeth in the form of $200 million from the New York Green Bank and $60 million from

NYSERDA toward energy storage pilots and deployments. This kind of large-scale investment will be just the momentum needed to drive

storage deployments in a state where regulatory hurdles have, to date, stifled what would otherwise be a promising front-of-the-meter

market for storage.

NYISO Provides Visibility on Storage Integration and Eligibility

The NYISO has also been hard at work under REV, creating a storage integration proposal that mirrors many of the proposals from 2016’s

FERC NOPR, and refining eligibility requirements for storage to ensure participate in wholesale markets. Such changes will be critical as

New York truly revs up its investment in storage for truly sustainable business models to emerge.
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CPUC Furthers Rulemaking on Virtual Net Metering and Greenhouse Gas Emissions

CPUC Issued Decision on Virtual Net Metering for Solar-Plus-Storage

• In January 2018, the California Public Utilities Commission (CPUC) issued the Decision to Facilitate 

Virtual Net Energy Metering Generation Paired With a Storage System (Decision 17-12-005). “Virtual 

net metering” refers to the process of allocating net energy metering (NEM) benefits from a solar 

system to tenants across multiple units in a building, such as an apartment complex. 

• Previously, Decision 14-05-033 created a no-export rule that prohibits NEM compensation for 

exported energy that exceeds that produced by a NEM-eligible generator, such as a solar PV 

system. Decision 08-10-036 established the virtual net metering tariff and mandated that this 

tariff allow NEM benefits to be allocated to all meters on an individually metered multifamily 

affordable housing property, while Decisions 11-07-031 and 16-01-044 allowed any multi-

tenant or multi-metered complex to take service under virtual net metering. Together, these 

policies created a situation where virtual NEM customers were discouraged from installing 

energy storage, as no economic benefit would be derived.

• CPUC decided to implement a policy whereby virtual net metering tariffs would be adjusted so 

that both the generator and storage device are located behind the same output meter, which 

would be required to include a physical non-import relay to prevent grid power from flowing 

toward the battery to ensure any electricity exports to the grid come from the generator only.

• Clarity on the role of storage in virtual net metering is welcome, as it increases certainty when 

virtual net metering customers consider energy storage. The decision is likely to create upside for 

the behind-the-meter storage market, but not a significant one as a result of the limited 

proliferation of virtual net metering in California.

CPUC Established Energy Storage Greenhouse Gas Signal Working Group 

• In January 2018, CPUC issued a ruling to establish a working group to develop changes to the 

Self-Generation Incentive Program (SGIP) to improve greenhouse gas (GHG) emission 

reductions from storage systems.

• Previously, Decisions 16-06-055 and 15-11-027 together imposed operational requirements on 

energy storage systems to ensure GHG emission reduction, with the latter decision specifically 

updating roundtrip efficiency metrics to determine if energy storage systems resulted in 

reduced GHG emissions. In October 2017, the 2016 SGIP Storage Impact Evaluation Report 

prepared by Itron was released, which showed that, on average, energy storage systems 

increased net GHG emissions in 2016. 

• The ruling directs the formation of a working group tasked with developing a GHG signal that 

will tell SGIP-funded energy storage systems when to charge or discharge to encourage GHG 

reductions. The working group must recommend a methodology by April 2, 2018.

• Reducing GHG emissions is one goal of SGIP. Therefore, it is imperative that proper protocols be 

established to ensure energy storage systems are reducing, rather than creating, GHG emissions 

on balance. It’s unclear what the signal will be at this time, and how it may affect adoption (for 

example: economic outcomes may be negatively impacted by the signal, causing fewer 

customers to turn to storage). The GHG signal proceeding must be watched carefully by industry 

players, and it is particularly important for stakeholders outside of California when thinking about 

how to ensure energy storage can play a role in fulfilling long-term climate goals.
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Incentives Support the Future of Behind-the-Meter Storage in New York, Mass. and 
Maryland

Next Phase of Con Edison’s Demand Management Program Offers New Storage Pathways 

in New York

• In January 2018, Con Edison announced incentive levels for the next stage of its 

Demand Management Program, which seeks to reduce electricity demand among 

non-residential customers.

• The 2019 program offers a battery storage incentive of $1,350/kW and a thermal storage 

incentive of $1,700/kW. The 2019 program has a funding level of $32 million. Auction B 

awards will be announced on April 19, 2018 while Auction C, if held, will open July 13, 

2018. Projects must be completed by September 16, 2019.

• Given the 2019 program’s funding and incentive levels, it could create an upside of 23 MW 

of battery storage or 19 MW of thermal storage if all funding is committed to either 

technology. Though such an outcome is unlikely, the program nevertheless will increase 

storage deployment in New York. Given the state’s recent commitments to growing its 

storage market such as the upcoming energy storage target, such programs will be key to 

achieving these goals.

SMART Compensation Levels Set in Massachusetts

• In January 2018, Mass. DOER announced compensation levels for solar electricity were set 

under the Solar Massachusetts Renewable Target (SMART) program. SMART supplants 

Massachusetts’ Solar Renewable Energy Credit II program, and transitions the behind-the-

meter solar market to a new form of compensation for exported solar electricity. SMART’s 

compensation is based on a competitive auction and system size; residential customers 

receive double the level of commercial customers.

• SMART also includes adders for projects that meet certain parameters, including solar systems 

paired with storage, which can yield an additional incentive of between roughly 2.5 cents/kWh 

and 7.6 cents/kWh, leading to a greater opportunity to deploy solar-plus-storage in 

Massachusetts. The SMART tariffs are expected to go into effect in the second half of 2018. 

• SMART invariably improves the economics of solar-plus-storage in Massachusetts and will lead 

to a significant upside as non-residential developers increasing pair solar and storage, while a 

greater number of residential customer pursue solar-plus-storage. GTM Research conducted 

economic modeling of residential solar-plus-storage for both Eversource and National Grid 

customers under SMART and found a positive NPV and sub-6-year payback periods in both 

cases, though both were still weaker than solar-only.

Maryland’s BTM storage incentive, which was passed as HB 490/SB 758 and covered in-depth in the Q2 2017 edition of this report, officially launched in January 2018. The program offers incentives of 

$5,000 per residential system and $75,000 per non-residential system for up to 30% of system cost, with an annual budget of $750,000. 
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Incentives Support the Future of Behind-the-Meter Storage in Hawaii, New Mexico and 
Virginia

Third Time’s the Charm? Storage Tax Credit Proposal Returns to Hawaii

• In January 2018, SB 2016 was introduced in the Hawaii state 

senate. SB 2016 seeks to establish an energy storage tax credit 

in Hawaii; similar bills were introduced two times before but 

both failed.

• If passed, SB 2016 would establish the following tax credits:

◦ 30% for systems deployed between June 30, 2018 and 

December 31, 2018

◦ 26% for systems deployed between January 1, 2019 and 

December 31, 2020

◦ 22% for systems deployed between January 1, 2021 and 

December 31, 2021

◦ 10% for systems deployed January 1, 2022 or later

• Currently, there is no funding limit for individual customers or 

on the whole for the program.

• If passed, a large upside in Hawaii’s BTM market would result, as 

storage economics would improve. Already, residential solar-

plus-storage has a clear economic case, and non-residential 

storage is beginning to take off. It remains unclear if the bill will 

pass, but given the greater maturity of the storage market the 

likelihood is higher today than for previous bills.

New Mexico Enters the Ring: Proposed Storage Incentives in the 

Land of Enchantment

• In January 2018, HB 77 was introduced in the New Mexico state 

House of Representatives. The bill sets out to establish energy 

storage tax credits for residential and non-residential storage.

• If passed, HB 77 would establish tax credits at the following 

levels:

◦ Residential storage: Up to $5,000 but not exceeding 30% of 

the total cost of installation

◦ Non-residential storage: Up to $75,000 but not exceeding 

30% of the total cost of installation

• The program has a proposed annual budget of $750,000 and 

applies to storage installed after January 1, 2018 and before 

January 1, 2024. As such, if passed in its current form, the 

program could lead to an upside of up to 900 residential storage 

systems or up to 60 non-residential storage over the program’s 

six-year lifetime assuming the funding was fully committed to 

one segment or the other. Given that New Mexico’s storage 

market has seem minimal BTM storage market activity to date, 

this sort of growth would cause a massive increase in New 

Mexico’s BTM storage market, though the market will still 

remain modest compared to market leaders such as California, 

Hawaii and New York.

Virginia Explores Storage Incentives: Hope for Old Dominion?

• In January 2018, HB 1018 was introduced in the Virginia state 

house of representatives. 

• Bill sets out to establish energy storage tax credits for residential 

and non-residential storage.

• If passed, HB 1018 would establish tax credits at the following 

levels:

◦ Residential storage: Up to $5,000 but not exceeding 30% of 

the total cost of installation

◦ Non-residential storage: Up to $75,000 but not exceeding 

30% of the total cost of installation

• The program has a proposed annual budget of $750,000 and 

applies to storage installed after January 1, 2018 and before 

January 1, 2023. As such, if passed in its current form, the program 

could lead to an upside of up to 750 residential storage systems or 

up to 50 non-residential storage over the program’s five-year lifetime 

assuming the funding was fully committed to one segment or the 

other. Given that Virginia’s storage market has seem minimal BTM 

storage market activity to date, this sort of growth would cause a 

massive increase in Virginia’s BTM storage market, though the 

market will still remain modest compared to market leaders such as 

California, Hawaii and New York.
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• In January 2018, HB 1133 and SB 1888 were introduced in the Florida state legislature with the goal of establishing a security and disaster relief pilot program that would include a provision for

energy resources to improve resilience, such as energy storage. If established, the program will explore the viability of energy storage and other DERs to enhance non-residential critical facility

resilience and recovery from natural disasters. Given the spate of weather damage to the U.S. in 2017, similar programs are expected to be explored by other states in 2018. If passed, the

2018-2019 fiscal year budget for the program will be set at $10M and the program results will be reported by October 1, 2019.

• The Massachusetts Clean Energy Center announced the winners of its Advancing Commonwealth Energy Storage (ACES) program in December 2017, awarding $20 million (double the

initial amount) to 26 projects ranging from customer-sited systems at state universities to large front-of-the-meter projects for utilities. The projects represent 32 MW and 85 MWh of

energy storage projects across multiple value streams and technologies, and they are set to provide a true sandbox for storage, demonstrating storage’s potential across the entire

value chain. These demonstration projects will allow for exploration of multiple storage business models to inform future developer activities, while simultaneously offering learnings for

the crafting of future policy concerning the services storage can provide.

• In January 2018, the Massachusetts Department of Public Utilities issued Order 17-05-B, which approved a minimum monthly reliability contribution for new Eversource net-metered DER

residential and non-residential customers. This decision marks Mass. DPU as the first state commission to approve mandatory demand charges for residential customers with behind-the-

meter DERs, with a demand charge of $2.21/kW-month for residential customers under the new rate. The decision also eliminates optional time-of-use rates for residential DER owners. New

rates will go into effect on January 1, 2019 for new net metered residential and non-residential customers; existing customers with DERs will not be subject to demand charges. Net metered

residential customers currently include those with energy storage, solar and solar-plus-storage. A recent GTM Research analysis found that the new rate structure slightly reduces the

economic case for solar-plus-storage, as there was greater value from storage for time-of-use shifting, but there was a large decrease in distribution charges which helps offset the increase in

customer bills from demand charges. More utilities will implement residential demand charges as DER penetration increases, but the opportunity for attractive solar-plus-storage economics is

highly tied to the level of the demand charge and customer load profiles. Note that GTM Research found in a previous report that non-residential standalone storage is generally economic

when demand charges are $15/kW-month or greater. However, residential customers have flatter load profiles compared to non-residential customers, and thus would require even higher

demand charges to make a clear economic case.

Behind-the-Meter Storage Policy Roundup, Q1 2018
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• In February 2018, the Colorado State Senate’s Agriculture, Natural Resources and Energy Committee voted to send Senate Bill 18-009 to the State Senate. The bill aims to guarantee

electricity consumers have the right to install and utilize electricity storage systems on their property. Ensuring there are as few barriers as possible to energy storage deployment is

important to ensuring a healthy BTM storage market. Though Colorado’s BTM storage market is small today, it has seen some interest among market players and is the site of at least

one BTM pilot project spearheaded by an electric utility (Xcel Energy).

• The CPUC released a decision on multiple use cases for energy storage that was generally in line with outlines and proposals set and discussed by ISOs and stakeholders in the past.

The primary clarification divides use cases into domains (customer, distribution, and transmission) and establishes that systems operating in a more distributed domain can provide

services up, but systems cannot provide services down (e.g., a system operating in the customer domain can provide services in all domains, but a system operating in the transmission

domain cannot provide services in the distribution or customer domain).

• In February 2018, Orange & Rockland announced a proposed demonstration project under NY REV to explore non-residential energy storage value-stacking using a 4 MW/8 MWh

portfolio developed, designed, installed, operated and maintained by Tesla; half the portfolio will consist of non-residential BTM projects and half will be from remote solar-plus-

storage projects. O&R will retain dispatch benefits and operational priority of the aggregated fleet to supply grid services, while the systems will also provide benefits to host

customers through reduced demand charges. These types of projects are integral for proving the value aggregated BTM storage can provide, particularly for a market like New York,

which has massive storage potential but has yet to see deployments that come close to matching the opportunity.

Behind-the-Meter Storage Policy Roundup, Q1 2018 (Cont.)
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Non-Residential Market Trends

Behind-the-Meter Non-Residential Market

7.
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Non-Residential Market Climbs to a Record 24.7 MW, Led by California

Source: GTM Research

U.S. Quarterly Non-Residential Energy Storage Deployments (MW)
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• 24.7 MW of non-residential storage was deployed in Q4 2017. 

• 88% of MW deployed in Q4 2017 came from California, resulting in large part from 

projects that reserved SGIP funding coming online.

• In total, 51.2 MW of non-residential storage was deployed in 2017, compared to 

38.6 MW deployed in 2016, constituting 33% YOY growth.

Market rose 250%

from Q3 2017
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Non-Residential Market Climbs to a Record 56.9 MWh, Led by California

Source: GTM Research

U.S. Quarterly Non-Residential Energy Storage Deployments (MWh)
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• 56.9 MWh of non-residential storage deployed in Q4 2017. 

• 86% of MWh deployed in Q4 2017 came from California, resulting in large 

part from projects that reserved SGIP funding coming online.

• In total, 110.2 MWh of non-residential storage was deployed in 2017, 

compared to 74.2 MWh deployed in 2016, constituting 49% YOY growth.

Market rose 288%

from Q3 2017
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• The new iteration of the Self-Generation Incentive Program opened May 1, 2017. Step 1 was quickly subscribed across all four program administrators (CSE, PG&E, SCE and SCG), and

as such the submitted projects entered into a lottery. Step 2 opened in early June 2017, and as of early February 2018 only SCE and SCG have reached the Step 2 allotment for large

scale storage; SCE entered Step 3 in early January 2018 and SCG is expected to open Step 3 in the near future. For the year 2017: 450 projects totaling 93.7 MW reserved funding, a

massive surge from several months ago when 36.2 MW had reserved funding. Step 2 of the program offers $0.4/Wh for standalone non-residential storage projects and $0.29/Wh for

energy storage projects claiming the ITC, while Step 3 offers $0.35/Wh for standalone projects and $0.25/Wh for projects claiming the ITC. The incentive applies for up to 60% of

eligible project costs.

• As of early February 2018, a total of 432 projects totaling 64.6 MW had received at least the 50% upfront incentive, while an additional 149 MW across 620 projects had reserved

funding. A total capacity of 60.5 MW has been interconnected.

• Activity spiked in late 2017, as systems that applied for funds when Step 2 opened reserved funding. Confirmed reservation of SGIP funds took several months longer than expected

given the large number of applications for the new program. Learnings from the early phases of the new program are expected to shorten the timeline for subsequent program steps.

Non-Residential SGIP Reservations Surged in Q4 2017 as New Program Queue Resolves

Source: CPUC (SGIP), GTM Research Source: CPUC (SGIP), GTM Research
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• As of early February 2018, a total of 432 projects totaling 64.6 MW had received at least the 50% upfront incentive, while an additional 149 MW across 620 projects had reserved

funding. A total capacity of 60.5 MW has been interconnected.

• 7.52 MW of non-residential storage was interconnected in 2017 via SGIP. Tesla leads the market with 5.3 MW (71% market share), followed by Green Charge with 1.5 MW (20%).

• Tesla accounts for the largest share of reserved project capacity with 58%, followed by Green Charge with 19%. A more diverse array of players have reserved funding in recent

months, including companies like Stem, Adara Power, Johnson Controls, PowerSecure, Sharp, Ice Energy, Viking Cold Solutions, Lockheed Martin and more.

• Though the new SGIP has seen rule changes, including changes to the incentive structure and a developer cap, the market is nevertheless dominated by the same vendors that held

much of the market in 2016. Note that Tesla supplies batteries to a number of players while also developing projects, and thus influences the market at both ends of the value chain.

Non-Residential SGIP Reservations Surged in Q4 2017 as New Program Queue Resolves (Cont.)

Projects Interconnected in 2017, Non-Residential (kW, % Vendor Market Share) Applications Received in 2017 With Reserved Funding, Non-Residential (MW, % Vendor Market Share)

Source: CPUC (SGIP), GTM Research Source: CPUC (SGIP), GTM Research
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GTM Research analysis suggests that there will be three broad application areas for non-residential energy storage: demand-charge management, resiliency and backup, and grid and

wholesale market services.

Demand-charge management: A majority of commercial and industrial customers pay as much as 50% of their electricity bills in demand charges. Energy storage offers peak demand-

reduction opportunities, leading to 20% to 30% electricity bill savings in many cases. Markets with high demand-charge tariffs (upward of $15/kW to $30/kW) represent a particularly

attractive opportunity already, and by 2021, we anticipate that even markets with tariffs of $11/kW and above will start to look attractive.

Resiliency and backup: Commercial and industrial customers can be sensitive to outages due to expensive equipment and critical facilities. States in the Northeast have established

programs to increase grid resiliency, and states in the Northwest are pursuing resiliency policies, relying on energy storage along with other upgrades. However, customers with existing

backup power needs may already possess this type of infrastructure in the form of diesel generators, in which case the value proposition for storage requires an additional benefit such

as electricity bill reduction or reducing carbon emissions. In the wake of recent hurricanes affecting Puerto Rico, Texas and the Southeastern U.S., the resilience conversation is expected

to intensify and storage will increasingly be a part of these conversations.

Grid and wholesale market services: California utilities have been at the forefront of exploring the use of energy storage for grid services, including demand response, ancillary

services and local capacity. In September 2016, SCE awarded 50 megawatts’ worth of contracts for demand response from non-residential energy storage and energy conservation

under the utility’s Preferred Resources Pilot program, while the Demand Response Auction Mechanism program recently saw at least 3.7 MW of behind-the-meter storage

committed for the 2018 and 2019 delivery periods. The New York Reforming the Energy Vision initiative has entered into its demonstration phase, in which several pilot projects

involve energy storage; additionally, the Brooklyn-Queens Demand Management program in New York City seeks to employ energy storage for demand response, with an expansion

announced in July 2017. Hawaii recently introduced a demand response plan that proposes four grid services for which it could procure energy storage and other distributed

resources. In Hawaii, HECO rolled out storage 1 MW of systems under the Energy Excelerator program to improve grid efficiency. In Massachusetts, several storage companies

received funding for BTM storage projects under the MA DOER’s Peak Demand Grant Reduction program, with up to 2 MWh of storage resulting in the next few years, while the ACES

program will explore a variety of use cases for non-residential storage.

Non-Residential Market Outlook: Applications
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GTM Research’s outlook on key non-residential markets is presented below.

California: California will remain the strongest market for non-residential storage through 2022, though it will lose a slight amount of market share as other state markets blossom. The 

infusion of additional funding under the new SGIP regime will buoy the market, particularly as the new program’s budget was recently doubled. Furthermore, non-residential procurements 

under programs like DRAM, LCR and PRP will come online over the next few years, adding more growth in California’s non-residential storage market. California’s market will see strong 

growth, increasing 6x from 45 MW in 2017 to 277 MW in 2023.

New York: New York’s BQDM program influenced significant procurement of non-residential storage in New York City, and these deployments will come online within the next few years, 

while further deployments are expected under the program’s next stage. Furthermore, the Fire Department of New York and Department of Buildings’ battery safety study is expected to 

help ease challenges around deploying energy storage within NYC, reducing permitting and deployment timelines. The city also has a storage target of 100 MWh by 2020, indicating 

greater interest in deploying the technology, particularly to deal with peak load during the summer months. Additionally, a storage mandate has been approved, with the ultimate level 

to be set by the end of 2018. New York’s annual market will soar to 61 MW in 2023.

Massachusetts: Massachusetts will see a notable upside in non-residential storage over the next few years, boosted by programs such as Advancing Commonwealth Energy Storage. 

Furthermore, the next iteration of the state’s NEM policy, known as SMART, includes an incentive for solar-plus-storage deployments, which will buoy the non-residential market. Non-

residential market players indicate that Massachusetts will be a key market in 2018 and beyond, with as much as 30%-40% of the state’s new solar projects to be paired with storage in 

2019. The state’s 200 MWh storage target will also likely provide some upside in the non-residential market. These factors will contribute to a 54 MW annual market by 2023.

Non-Residential Market Outlook: Key Markets
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Non-Residential Market Outlook (MW)

U.S. Annual Non-Residential Energy Storage Deployment Forecast, 2012-2023E (MW)

Source: GTM Research
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• California will lead the market through 2023, buoyed by SGIP, grid service procurements and 

attractive economics. California’s share of the overall market will decline over time, from 88% market 

share in 2017 to 45% by 2023 as other states begin to see opportunities for grid services and 

demand-charge management applications.

• The non-residential market as a whole saw a 4% reduction to the 2018-2022 forecast. Some of this 

resulted from the Section 201 proceeding, as reduced solar demand will impact storage demand, 

while the rest came via lowered forecasts for markets such as Arizona and New Jersey where demand 

has not been as robust as previously expected. It’s worth noting that the prevalence of standalone 

non-residential storage insulates the market from some effects of the Section 201 trade case.
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Non-Residential Market Outlook (MWh)

U.S. Annual Non-Residential Energy Storage Deployment Forecast, 2012-2023E (MWh)

Source: GTM Research
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• California will lead the market through 2023, buoyed by SGIP, grid service 

procurements and attractive economics.

• Discharge durations will increase on average, from roughly 2.2 hours today to 

roughly 2.5 hours by 2023.s
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Residential Market Trends

Behind-the-Meter Residential Market

8.
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Residential Market Rose to a Record 9.5 MW, Bolstered by Gains in California and Hawaii 

Source: GTM Research

U.S. Quarterly Residential Energy Storage Deployments (MW)

• 9.5 MW of residential storage was deployed in Q4 2017.

• California made up the lion’s share of deployments with 3.8 MW deployed in Q4 2017. 

• Hawaii was the second-largest single state market with 2.2 MW deployed in Q4 2017. 

Much of this growth stems from attractive solar-plus-storage economics under the 

Customer Self-Supply tariff. There is massive interest in storage in Hawaii: Building and 

permit data from the City and County of Honolulu compiled by the Research & Economic 

Analysis Division found a 18x jump in solar-plus-storage permits from 2016 (40 permits) 

to 2017 (731 permits).

Market rose 108% from Q3 2017
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Residential Market Rose to a Record 20 MWh, Bolstered by Gains in California and Hawaii 

Source: GTM Research

U.S. Quarterly Residential Energy Storage Deployments (MWh)
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• 20 MWh of residential storage was deployed in Q4 2017.

• California led the market with 8.6 MWh deployed. Hawaii was the 

second-largest single-state market, with roughly 5 MWh deployed.

• Q4 2017 saw double the number of MWh deployed than were 

deployed across the entire U.S. residential market for the entirety of 

2016. In total, 2017 had growth of 3x over 2016 in MWh terms.

Market rose 95% from Q3 2017
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• The new iteration of the Self-Generation Incentive Program opened May 1, 2017. Step 1 was quickly subscribed across all four program administrators (CSE, PG&E, SCE and SCG), and as such the

submitted projects entered into a lottery. CSE is the only program administrator that has filled Step 3, while the other three are still in Step 2 (with the exception of Step 3 of the Equity budget, which

is open for SCE). Step 2 of the program offers $0.4/Wh and Step 3 offers $0.35/Wh for residential storage projects for up to 60% of eligible project costs.

• As of early February 2018, a total of 394 projects totaling 1.96 MW have received an SGIP incentive, while 15.7 MW across 2,355 projects have reserved funding, and 1.98 MW have been

interconnected. 15.4 MW of projects received in 2017 have reserved funding, the majority of which was allocated in the last few months of 2017.

• The residential carve-out in the new iteration of the SGIP has proved instrumental in increasing the amount of funds reserved under the program, evidenced by the fact that within seven months of

the new program opening, the reserved residential capacity was over nine times the entire reserved and paid capacity for the years 2013 through 2016. The residential carve-out has ensured greater

certainty for residential storage market players in California, given that funds are allocated specifically to their segment. Residential market players have indicated a more bullish outlook for the next

few years given these changes. As a result, the share of residential projects in the overall SGIP ecosystem will increase substantially compared to previous years.

Massive Influx of Residential SGIP Reservations as Program Pushes Forward in Q4 2017

Source: CPUC (SGIP), GTM Research Source: CPUC (SGIP), GTM Research
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• As of early February 2018, a total of 394 projects totaling 1.96 MW have received an SGIP incentive, while 15.7 MW across 2,355 projects have reserved funding, and 1.98 MW have

been interconnected. 15.4 MW of projects received in 2017 have reserved funding, the majority of which was allocated in the last few months of 2017.

• In 2017, only 145 kW of residential storage was interconnected, all of which was from Tesla. Now that a plethora of residential projects have reserved SGIP funds, more projects are

expected to be deployed in the coming months from a wider variety of market players.

• Tesla accounts for the largest share of reserved funding with 82%, followed by LG Chem with 15%. Both companies offer storage solutions to a variety of players.

• The new SGIP has seen a massive spike in residential storage reservations compared to previous years, much of which is likely attributable to the residential carve-out. Such a funding

allocation provides greater market certainty for residential players, and provides a massive boon to a segment which currently lacks clear economic drivers for deployment.

Massive Influx of Residential SGIP Reservations as Program Pushes Forward in Q4 2017 (Cont.)

Source: CPUC (SGIP), GTM Research

Projects Interconnected in 2017, Residential (kW, % Vendor Market Share) Applications Received in 2017 With Reserved Funding, Residential (kW, % Vendor Market Share)

Source: CPUC (SGIP), GTM Research
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GTM Research analysis suggests there will be three broad application areas for residential energy storage: time-of-use shifting, resiliency and backup; self-consumption; and grid and

wholesale market services.

Time-of-use shifting: Most residential tariff regimes have flat tariffs, but a growing number of utilities are introducing time-of-use (TOU) tariff structures, some accelerated by the rise in solar NEM customers.

As markets move to time-of-use tariffs or reduce the value of NEM, the economic case for adding storage to solar will become stronger. In California, the recent NEM 2.0 plan added non-bypassable charges

of 2 to 3 cents/kWh on solar customers, as well as a mandatory TOU tariff. Both of these changes can increase the value of time-of-use shifting; recent economic analysis by GTM Research found NPV

positive outcomes for solar-plus-storage under TOU rates for PG&E, SCE and SDG&E, though solar-plus-storage still has weaker economics compared to solar-only. Furthermore, utilities in other states

including Arizona, Colorado and New York have proposed or are in the process of implementing optional residential TOU rates, which may present additional opportunities for residential energy storage,

depending on the delta between electricity cost at off-peak and peak periods; modeling for Arizona found a positive NPV in one TOU rate, but with a 15+ year payback.

Self-consumption: “Self-consumption” refers to a customer consuming electricity she has stored in her storage system. Self-consumption requires some form of customer-sited generation, usually

solar PV, in order to charge the storage system and offset grid consumption. This value stream becomes more attractive in response to some types of NEM reform, as lower compensation for

exported solar electricity increases the value of storing and consuming electricity the customer generates. This value stream encourages positive economic outcomes today in markets such as

Hawaii under HECO’s Customer Self-Supply tariff or in California under NEM 2.0.

Resiliency and backup: Residential customers do not necessarily have expensive equipment or critical facilities that require backup. However, customers have shown a willingness to pay for

protection from outages, as evidenced by residential backup generation sales. States in the Northeast have established programs to increase grid resiliency, relying on energy storage, along with

other upgrades. System vendors and installers consistently mention backup as a value stream of interest desired by end customers, particularly those in the Northeast U.S. In the wake of recent

hurricanes affecting Puerto Rico, Texas and the Southeast U.S. the resilience conversation is expected to intensify, and storage will increasingly be a part of these conversations.

Grid and wholesale market services: California utilities have been at the forefront of exploring the use of energy storage for grid services, including demand response, ancillary services and local capacity.

SCE awarded 5 MW/20 MWh of residential energy storage under its Preferred Resources Pilot program in September 2016. The New York REV initiative has entered into its demonstration phase, in

which several pilot projects involve energy storage. Hawaii recently introduced a demand response plan that proposes four grid services for which it could procure energy storage and other distributed

resources. Utilities in the states of Kentucky and Vermont have also initiated grid services programs. Arizona has initiated multiple utility-sponsored residential solar-plus-storage programs to enable

better utility load management and tariffs. Xcel Energy in Colorado is in the process of deploying an energy storage pilot that includes six residential systems to explore value that can be provided to

both customers and the electric grid. Other utilities are entertaining opportunities to deploy residential storage, with more pilot programs expected to be announced in the coming year.

Residential Market Outlook: Applications 
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GTM Research’s outlook on key residential markets is presented below.

California: California will remain a leader in residential storage growth, particularly as the new iteration of the SGIP includes a carve-out for residential storage; as a result, a greater share of residential 

projects is expected to be deployed under SGIP, which is already bearing out by deployment numbers from Q4 2017. With the coming of NEM 2.0, opportunities for storage are increasing as TOU rates and 

non-bypassable charges come into force alongside reduced compensation for exported solar energy. Furthermore, 5 MW/20 MWh of residential storage was procured under the Preferred Resources Pilot, 

with these systems set to come online by mid-2019. These factors will culminate in a 513 MW annual market by 2023, 78 times the size of the 2017 market.

Hawaii: Hawaii reopened its Customer Grid Supply (CGS) program in early 2017 with a 20 MW cap, putting a damper on the storage market, as the alternative tariff, Customer Self-Supply (CSS), 

encourages solar-plus-storage. As the new CGS cap was reached, all new solar customers must enroll in CSS. Q4 2017 saw a further rise of CSS, as a substantial number of storage systems were 

interconnected under this program. The new solar program will lead to a further upside for storage, because although CGS is reopening as CGS+, there is both a cap and a rule that credits can only be 

gained at specific hours, meaning customers on this tariff may also pursue storage, while the Smart Export tariff is configured for solar-plus-storage. Anecdotal discussions with system integrators, 

developers and installers active in Hawaii‘s residential energy storage market indicate a bullish outlook for the next few years. Hawaii’s annual residential storage market is expected to reach 52 MW by 

2023, 12 times the size of the 2017 market.

The Northeast: The Northeast will continue to prove an interesting region for residential storage and constitute a non-trivial share of installations for resilience applications. However, given 

the lack of a clear economic case for backup power today, these deployments will remain concentrated among customers purchasing storage primarily for emotional reasons. This will change if 

residential storage systems are able to be leveraged for grid services such as peak load reduction, as is currently ongoing in Green Mountain Power territory in Vermont, although as a total addressable 

market, Vermont remains small. Con Edison’s NY REV virtual power plant demonstration project, which would add ~300 new residential systems, is currently stalled, and thus it is unclear when or even if 

these systems will be added. Massachusetts is a market to watch, as the new solar program, SMART, begins in H2 2018 and includes an adder for solar systems paired with storage; anecdotal discussions 

with system vendors and installers indicate that Massachusetts will be a priority market in 2018 and 2019, while GTM Research found a positive economic outcome for residential solar-plus-storage in 

Massachusetts for customers on a TOU rate.

The Southeast: Though not a key market today, a fair number of market players indicated increasing demand from states like Florida and Georgia for resilience applications. Though not an economic use 

case, these markets are nevertheless seeing non-trivial demand despite being relatively small markets today.

Residential Market Outlook: Markets
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Residential Market Outlook (MW)

U.S. Annual Residential Energy Storage Deployment Forecast, 2012-2023E (MW)

Source: GTM Research
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• California will lead the market through 2023, buoyed by SGIP, grid service 

procurements and attractive economics.

• The residential market as a whole saw a 3% reduction to the 2018-2022 

forecast. Some of this resulted from the Section 201 proceeding, as reduced 

solar demand will impact storage demand, while the rest came via lowered 

forecasts for markets such as Arizona and New Jersey where demand has not 

been as robust as previously expected. Massachusetts saw some reduction as 

well, coming with rate structure changes via Eversource, though it is 

nevertheless expected to become a key market starting in late 2018 thanks to 

the storage incentive offered under SMART.
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Residential Market Outlook (MWh)

U.S. Annual Residential Energy Storage Deployment Forecast, 2012-2023E (MWh)

Source: GTM Research
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• California will lead the market through 2023, buoyed by SGIP, grid service 

procurements and attractive economics.

• Discharge durations will increase on average, from roughly 2.1 hours today 

to roughly 2.5 hours by 2023.
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Appendices9.
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• Metrics: GTM Research reports energy-storage capacity data in terms of power capacity (watts) and energy capacity (watt-hours). All of our data sources (details on data sources

below), including program administrators, utility companies, utility commissions and system operators, currently track and report energy storage queue, deployments and

interconnections in terms of power capacity: watts, kilowatts or megawatts. GTM Research reports storage capacity data in power capacity terms (watts, kilowatts or megawatts)

based on the reported data, and in energy capacity terms (watt-hours, kilowatt-hours or megawatt-hours) using a mix of publicly available and survey data, and converting power

capacity to energy capacity by multiplying by discharge duration (hours). This distinction is particularly important, as energy storage technology can be deployed for a wide range of

discharge durations, from a few minutes (for applications such as power quality and frequency regulation) to a few hours (for applications such as bulk energy arbitrage).

• Segments: GTM Research reports the energy-storage capacity data in three segments: residential, non-residential and front-of-the-meter. Projects that are deployed on the end-

customer side of the meter (i.e., behind-the-meter) are reported as falling in either the residential or nonresidential segment. Projects that are deployed on the utility side of the

meter (front-of-the-meter), irrespective of their size, are reported in the front-of-the-meter segment.

Appendix A: Metrics, Methodology and Data Sources
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• Historical Deployment Data: Quarterly capacity deployment data is collected from program administrators, system operators, utility companies and utility commissions. In some cases,

the program administrators report incentive application and award payment dates instead of deployed dates. In such cases, GTM Research consults with the utility companies or

estimates the most likely installation date, based on our knowledge of typical project installation cycles in various markets. For front-of-the-meter projects, GTM Research maintains a

database that tracks the status of planned and deployed front-of-the-meter projects. GTM Research reports deployment dates based on their “interconnection” or “online date” from

interconnection queue data maintained by ISOs and utility companies. In certain cases, GTM Research consults with project developers and installers to provide the project

commissioning (deployment) date. GTM Research also utilizes the U.S. DOE Global Energy Storage Database for information on technology in instances in which the information is not

received from our primary data sources.

• System Price Data: Reported system price data is not associated with specific projects deployed, since pricing data is considered to be sensitive by vendors and developers, given the

number of projects that are being deployed and the varying project cycles. System price data is the outcome of GTM Research’s bottom-up cost survey based on interviews with

vendors across the value chain.

Appendix A: Metrics, Methodology and Data Sources (Cont.)
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• AB 2514: California state law requiring the California Public Utilities Commission to adopt an energy storage procurement target. In O ctober 2013, CPUC established an aggregate target of 

1,325 MW by 2020 for PG&E, SCE and SDG&E.

• APS: Arizona Public Service, an Arizona investor-owned utility

• BQDM: Brooklyn-Queens Demand Management, a program in New York City to implement non-traditional technology to defer the need for a $1B substation

• C&I: Commercial and industrial

• CHP (combined heat and power)*: Generation of useful electric and heat energy using the same conversion system

• CPUC: California Public Utilities Commission

• DER: Distributed energy resource

• DOD: Depth of discharge

• DOE: United States Department of Energy

• DOER: Department of Energy Resources (Massachusetts)

• DR (demand response)*: Reduction of retail electricity end users’ electric load in response to control or price signals

• DRAM: Demand Response Auction Mechanism, program to procure demand response in California

• EE: Energy efficiency

• EPC: Engineering, procurement and construction

• ERCOT (Electric Reliability Council of Texas): Independent system operator for most of Texas

• ESDER (Energy Storage and Distributed Energy Resources): California stakeholder initiative to develop rules for storage and other DER market participation

Appendix B: Acronyms
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• FERC: Federal Energy Regulatory Commission

• FTM: Front-of-the-Meter, refers to storage sited on the utility-side of the meter

• GW (Gigawatt): Unit of energy storage capacity in power; 1,000 MW

• GWh (Gigawatt-hour): Unit of energy storage capacity in energy; 1,000 MWh

• HECO: Hawaiian Electric Company, a Hawaii IOU and subsidiary of Hawaiian Electric Industries

• HELCO: Hawaii Electric Light, one of the Hawaiian Electric Companies family that has jurisdiction over Hawaii Island

• IRP: Integrated resource plan

• ISO (independent system operator): Operates a region’s transmission grid and wholesale electric markets, similar to a regional transmission organization (RTO)

• IOU: Investor-owned utility

• JEA: Jacksonville Electric Authority, a community owned electric utility located in Jacksonville, Florida

• kW (kilowatt): Unit of energy storage capacity in power; 1,000 W

• kWh (kilowatt-hour): Unit of energy storage capacity in energy; 1,000 Wh

• LCR (local capacity requirements): Minimum local resource capacity needed for reliability in an area

• MUA: Multiple-use applications

• MECO: Maui Electric, one of the Hawaiian Electric Companies family that has jurisdiction over the island of Maui, Molokai and Lanai

• MW (Megawatt): Unit of energy storage capacity in power; 1,000 kW

• MWh (Megawatt-hour): Unit of energy storage capacity in energy; 1,000 kWh

• NOPR: Notice of proposed rulemaking

Appendix B: Acronyms
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• NWA: Non-wires alternative, a technology that can fulfill an electric grid upgrade in place of traditional technology

• NY REV (Reforming the Energy Vision): State policy aimed at increasing deployment of renewable generating resources and modernizing the grid

• NYSERDA: New York State Energy Research and Development Authority

• PCS: Power conversion system or power conditioning system – typically referencing power electronics converting DC to AC at a point of interconnection

• PG&E: Pacific Gas & Electric, a California IOU

• PJM: RTO for all or parts of 13 states (from Illinois to New Jersey) and the District of Columbia

• PRP (Preferred Resource Pilot): SCE’s study to determine if clean energy sources can offset increasing customer demand

• PSC: Public Service Commission

• PSCO: Public Service Company of Colorado, Xcel Energy subsidiary

• PUC: Public Utilities Commission

• RegD: PJM’s classification for fast-responding (“dynamic”) resources

• RFI/RFO/RFP: Request for information/request for offer/request for proposal

• RPS (renewable portfolio standard): Regulatory requirement mandating a particular amount of renewables in the jurisdiction’s electricity mix

• RTO (regional transmission organization): Operates a region’s transmission grid and wholesale electric markets, similar to an ISO

• SCE: Southern California Edison, a California IOU

• SDG&E: San Diego Gas & Electric, a California IOU

• T&D: Transmission and distribution

• TEP: Tucson Electric Power, an Arizona IOU

Appendix B: Acronyms
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Arizona

• Arizona Energy Plan

California

• Decision 17-12-005

• Rulemaking 12-11-005: Assigned Commissioner’s Ruling Establishing and Energy Storage 

Greenhouse Gas Signal Working Group

• CPUC Decision on Multiple Use Applications

• Vote on Storage in place of Peakers

• SCE Updated Moorpark Resource Plan

Colorado

• Senate Bill 18-009

• Xcel All Source Solicitation

Federal

• U.S. House of Representatives Storage Tax Credit Bill

• FERC Ruling on Wholesale Market Participation

Florida

• HB 1133

• SB 1888

Hawaii

• SB 2016

Maryland

• HB 490

• SB 750

Massachusetts

• MA DOER Order 17-05-B

• SMART Portal

• ACES Award Winners

Michigan

• PSC Guidelines on IRPs Including Energy Storage

Minnesota 

• Great River Energy Solar-plus-Storage RFP

Appendix C: Key Documents
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Nevada

• Nevada Energy All Source RFP

New Hampshire

• HB 1647

New Mexico

• HB 77

New York

• New York Storage Mandate

• New York Clean Energy Plan

• NYISO State of Storage Report

• Orange & Rockland NWA RFP

• Orange & Rockland NY REV Demonstration Project

• Con Edison Demand Management Program Portal

• NYISO Spinning Reserves Eligibility

North Carolina

• Duke Updated IRP

Texas

• Texas PUC Decision on AEP's Proposed Deferral System

Virginia

• HB 1018

Appendix C: Key Documents (Cont.)
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News/Online

GTM is the leading information services provider on the global energy transformation. We deliver market analysis, business-to-

business news and conferences that inform and connect players in the global clean energy market. Our coverage extends across the

clean energy industry with a focus on solar power and the electric utility market's evolution. GTM's industry-leading coverage is

provided by world-class journalists and a global network of expert contributors, supported by a team of analysts from our market

intelligence arm, GTM Research.

About Greentech Media

Research

GTM Research is the leading market analysis and advisory firm on the transformation of the global electricity industry. Our research

provides critical and timely market analysis for solar, energy storage, and grid edge markets. With an industry-leading analyst team,

GTM Research offers comprehensive intelligence subscriptions that include reports and data services, as well as strategic consulting

for clients across the energy value chain.

Events

GTM Events uses the company's deep news and market intelligence platform to produce industry conferences throughout the year.

These events draw the most important players to convene, interact and learn from one another along with our team of analysts,

executives and journalists.
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Interested in other GTM Research products and services? Please visit www.gtmresearch.com or contact sales@greentechmedia.com

Interested in efforts to advance the energy storage industry toward its 35 GW by 2025 goal?  Please visit www.energystorage.org

Thank you!

March 2018
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