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LETTER FROM TG{EWISSIONE&Rd INTERIM CEO

State of Chargevas commissioned as part of the BalRolitoARY A YA AG NI A2y Qa 9y SNHE@
(ESI), an initial $10 million investment that recognizes the potential benefits of incorporating advanced
storage technologies into Massachusetts energy portfolibe ESI aims to achieve the benefits by

pursuinga multipronged approach to establishing an energy storage market structure, building

strategic partnerships and supporting storage projects atafeetric wholesale system, utility

distribution system, and customer side scale

TheStudy Bam comprised bCustomized Energy Solutions, Sustainable Energy Advantage, Daymark,
and Alevo Analyticgonducted this reporon behalf of Massachusetts Department of Energy
Resources (DOER) and Massachusetts Clean Edenggr(MassCECThis study analyzes the natial

and Massachusetts storage industry landscape, reviews economic development and market
opportunities for energy storage, and examines potential policies and programs to better support
energy storage deployment in the Commonwealth.

StakeholdeSy 31 3SYSy i gl a (GKS AYyAGAIE LIKFaS 2F GKAa &l
research DOERMassCE@nd theStudyTeamgathered valuable information by contacting over 300

interested parties, anthosted stakeholder meetingsith over 150 represemttives of utilities, power

supply companiesnergy technology firmsatepayers and municipalitieState of Charge
incorporatesqualitative and quantitativanalyses of information and data from stakeholdpasred

with analytic data gathered by resaduers across the countig orderto further understand the

current state of energy storage in Massachusetts and provide recommendations for potential future

growth.

Following the release of this study, DOER and MassCEC will work with stakeholders to begin testing and
implementing both the regulatory and the policy recommendations detailed heheithe coming
weeks,MassCEC arldOER will release a Request for Propesaking interested parties tandertake

projects todemonstratethe viabilityand potentialof energy storage technology and innovations in the
Massachusetts energy market.

State of Chargenakes clear thaby embracingadvanced energy storage technolegiMassachusetts

will continue to be a national leadér clean energ and innovationThis study is a first step in a longer
process to fully analyze the benefits of advanced energy storage deployment and we look forward to
continuing this work to estatdh the Commonwealth as a leader in energy storage.

Sincerely,

9«&’% %\-duh
Judith Judson Stephen Pike
Commissioner Interim CEO

Massachusetts Department of Energy Resources Massachusetts Clean Energy Center
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There is greapotential in Massachusetts for neadvanced energy storage to enhance the efficiency,
affordability, resiliency and cleanliness of the entire electric grid by modernizing the way we generate
and deliver electricity.In order to increase energy storage deygment, this Study presents a
comprehensive suite of policy recommendationsgenerate600 MW of advanced energstorage in

the Commonwealth by 2028hereby captumg $800 million in system benefitsto Massachusetts
ratepayers

Executive Summary

ELECTRICITY
Energy Storage

WATER GASOLINE

Reservoirs Underground tanks Above-ground
Above-ground Above-ground tanks
tanks tanks Piping
Water bottles Tank trucks
Portable fuel tanks

NATURAL GAS
Warehouses
Grocery stores
Freezers &
refrigerators

Depleted fields
Aquifers
Salt caverns
Pipelines
Above-ground tanks

Technologies

Currently less than
1% of daily
electricity
consumption for
MA

Storage capacity more than 10% of daily consumption

Figure 1:Storage in Commodity Supply Chains

Increasing the amount of storage capacity on the power grid has the potential to transform the way we
generate and consume electricity for the benefit of Massachusetts ratepayers. As compared to other
commodities, the electricity market currently has the least amount of storage in its supply chain. Other
commodities, including food, water, gasoline, oil and natural gas, hav&verage storage capacity of
10%of the daily consumption (Figure 1). The electricitgrket currently has only a storage capacity of
1% of daily electricity consumption in Massachusetts. In addition to having a small storage capacity,
electricity is also the fastest supply chain traveling at 1,800 miles per second, meaning that without
storage electricity needs to be produced, delivered, and consumed nearly instantaneously for the grid
to maintain balance. This requires grid infrastructureincluding generation, transmission and
distribution systems- to be sized to manage the highest fxeasage of the year, despite consumer
electricity demand varying significantly both throughout the day and at different seasons of the year
(Figure 2).

The need to size all grid infrastructure to the highest peak results in system inefficiencies,
underutlization of assets, and high cost to ratepayers. These high costs can be seen in the highly
variable hourly electricity prices. Over the last three years from 2020815 on average, the top 1%

most expensive hours accounted for 8% ($680 million) of Magsdza SG G & NI G SLI @ SNEQ
electricity. The top 10% of hours during these years, on average, accounted for 46fuaf

i|Page
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Figure2: The whole electricity system is sized to meet peak deman

electricity spend, over $3 billioh Energy storage ighe only technology that can use energy generated
during low cost offpeak periods to serve load during expensive peak periods, thereby improving the
overall utilization and economics of the electric grid (Figure 3). Until recahtly ability to store
electricity across the electric grid was limited, but recent advances in new energy storage technologies,
such as grigcale batteriesare makingviable thewide-scale @ployment of electricity storagy

Advanced storage technologies can also providefl&ebility needed to reliably manage and utilize
NEBYSglkoftS NBaz2dz2NOSaQ O NAIF o6t S 2 dzi Lzl AR 2@l &jAK:
with decisions about power plant dispatch that are based on-tiez¢ demand and the availability of
transmission to deliver it. Generation and load must always be perfectly in balance to ensure high
power quality and reliability. As intermittent renewable generation, such as wind and solar, grows in
Massachusetts maintaining this perfect balance becomes nuir@lenging. Additionally, storage
resources can be an important tool foetter managingelectric outages caused by severe weather,
thusincreasing grid resiliency. For these reasons and more, new storage technologies are an important
component of a moden electric grid and a resilient clean energy future for the Commonwealth

)y
’-'

4
4

. — Intermediate Generation

Demand (MW)

Baseload Generation

Hours

Figure 3: Energy storage can use off peak energy during times of high demand

' ISONE Hourly Load Data.
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Recognizing that energy storage can be a valuabt€
component of a diversified energy portfolio for th

_ _ the way on cleanenergy, energy
Com.m.onwgalth, in May 2015 't.he BakelPolito efficiency and the adoption o
Administration launched the $10 million Energy Stora o revETve technologies such ¢
Initiative to evaluate and demonstrate the benefits df energy storage. These efforts, af
deploying energy storage technologies in Massachuseltsyr |egislative proposal to brin
As part of the initiative, the Department of Energy additional hydroelectricity and othe
Resources (DER) and the Massachusetts Clean Enefgsenewable resources into the regio
Center (MassCEC) partnered to conduct a study to analyzeill ensure we meet our ambitiou
the economic benefits and market opportunities for greenhouse gas emission reducti
energy storage in the state, as well as examine potentialargets while also creating a stronge
policies and programs that could be implementecbeiter | SO2y 2 Y& F2NJ (G KS
support both energy storage deployment and growth of
the storage industry in Massachusetts

al aal OKdzaSida ¢

¢ Governor Baker, February 207

The DOER, MassCEC, and $itate of ChargeStudy Consultant Team kicked off the study in late
October 2015 with an interactive stakeholder session in BosSonsequently, the team held webinars,

and conducted numerous surveys and interviews. Over 300 stakeholders including representatives
from the utilities, municipalities, competitive suppliers, storage project developers, renewable
generation developers,tarage technology companies, and the regional grid operator, ISO New
England (ISDIE), participated in the stakeholder process.

The message was cleamergy storage is recognized as a game changer in the electric seétor
overwhelming proportion of stkeholders are optimistic about the future of giidnnected energy
storage in Massachusetts. Utilities and developers cite renewables growth, technology advances, and
technology cost decreases as factors why energy storage will shape the grid bottemmeand long

term.

While recognizing the potential of energy storage, however,
stakeholders identified numerous challenges and barriers that
are preventing widespread deployment in the Commonwealth.
Challenges highlighted are uncertainty regarding regulatory
treatment, barrers in wholesale market rules, limitations in the
ability for project developers to monetize the value of their
energy storage project, and the lack of specific policies and
¢ Massachusetts utilityl  yrograms to  encourage the use of innovative storage
stakeholder technologies

0Given the recent advances |
energy storage technology an
costeffectiveness, it is hard ft«
imagine a modern electriq
distribution system that doef
not include energy storage¢

State of Charges a comprehensive report prepared by Customized Energy Solutions, Sustainable
Energy Advantage, Daymark, Alevo Analytaosd Strategerin conjunction with the DOER and the
alaa/o/ GKFdG tAyla aladal OKdzaSGiaQ SoaSesmndofeisl £t S
insight into the cost, benefits, and feasibility of deploying new energy storage technologies in
Massachusetts. It provides recommendations on policies and programs that can be employed by the
BakerPolito Administration to establish a ature local market for these technologies through

il Page



STATE OF CHARGE
Massachusetts Energy Storage Initiative Study

N
N
w»
Qo

QX

w
w
O

increasinghe RS LX 28 YSy 4 2F &adG2N) 3S GKS adl

storage companies in the Commonwealth
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Energy Storage Technologies and Market Landscape

Gaz2RSNYATAYy3I (GKS St SOGNAO ahallenyesSor hagdhing projektéit
energy needs including addressing climate change by integrating more energy from renewal
sources and enhancing efficiency from menewable energy processes. Advances to the elect
grid must maintain a robust and resiht electricity delivery system, and energy storage can plg
a significant role in meeting these challenges by improving the operating capabilities of the ¢
lowering cost and ensuring high reliability, as well as deferring and reducing infrastruct
investments. Additionally, energy storage can be instrumental for emergency prepared
0SOFdzaS 2F AlGa FoAfAGe G2 LINPOGARS ol O dzLd
C U.S. Department of Energy Whitepaper on Grid Energy Storage (Dec

¢KS GSN)XY aSySNHE& &aid2N)r3S¢ FLIWIXASAE (G2 Ylyeé RATFT
flywheels, thermal storage, and pumped hydroelectric storage. All technologies can store energy during
periods when the cost is low and then make the energy available during periods when the costs are
higher.

t dZY LJSR KE@RNR aG2N}3IS A& 2FGSy NBFSNNBR (2 Fa |
pumping water into a large reservoir at a high elevatiarsually located on the top of a mountain or

hill ¢ and then using hydroelectric turbines to convert the energy of flowing water to electricity. Newer

and more flexible forms of energy storage such as batteries, flywheels, thermal, and new compressed
arenerg (GSOKy2f23ASa INB 2F0iSy NBFSNNBR (2 Fa al R«
resources are capable of dispatching electricity within seconds. They can provide various storage
durations¢ from 15 minutes to over 10 hoursand range in scaledm small systems used in homes

for backup power to utilityscale systems that inteonnect to the bulk power grid

3

— Flywheel

3

Thermochemical
storage

Figure 4: Classification of Energy Storage Technologies
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To date,energy storage in Massachusetts has primarily been limited to pumped hydro storage in
Northwest Massachusettand providesbulk energy to the New England grid operator, 482 The
evolution and diversity of energy storage technologies, applications, eddagations has gone well
beyond the limits of pumped hydro storage. While Massachusetts has benefited from pumped storage
operating in the region, geographic and environmental limitations make it unlikely that new pumped
storage will be built. Thereforghe State of Chargestudy focuses on new advanced energy storage
technologies that are now available.

Many advanced energy storage technologies are commercially viable and today are currently being
used by utilities and grid operators throughout the UitStates and around the world, driven by
growth in renewable energy generation and local reliability needs.

According to the U.S. Department of Energy (DOE), there are already more than 500 MW of advanced
energy storage in operation in the U.S. In 201&ne, there were 221 MW of new deployments of
advanced energy storage in the U.S., an increase of 243% over the installations in the U.S. for the year
2014. It is expected that annual deployments of advanced energy storage will exceed 1 GW per year
by 201 and be at nearly 2 GW per year by 2020 (Figurk: 8)expected thathere will be nearly 4,500

MW of advanced storage technologies operating on the U.S. grid by*Z0D2€rall, the U.S. Market for
advanced energy storage technologies is expected to grow by 500% in five years

Prices for advanced storage technologies have decreased significantly in recent eeosding to
IHS, a leading business data provider, agerfithiumion battery prices decreased in cost over 50%
between 2012 and 2015, and are expected to decrease over 50% again before 2019

Figure 5:GTM Research Estimate of Energy Storage Growth

2 Energy Storage AssociationGIM Research, U.S. Energy Storage Monitor: 2015 Year in Review, March 9, 2016.
*ibid

* Energy Storage Update, Lithition costs to fall by up to 50% within five years, July 30, 2016;
http://analysis.energystorageupdate.com/lithittion-costsfall-50-within-five-years

® |HS Price Declines Expected to Broaden the Energy Storage Market, IIHSdvaysber 25, 2015;
http://press.ihs.com/presgelease/technology/pricaleclinesexpectedbroadenenergystoragemarketihs-says

v|Page
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Energy Storage Deployment by State (in MWs)
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Massachusetts ranks 23 in energy
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Fgure 6: Planned and Operational Energy Stordgeployment by State

Although advanced energy storage deployment to date in Massachusetts has been limited to less than

2 MW, interest in utilizing advanced energy storage is growilvigh the significantcost decreasefor
advanced energy storage, and thN2 INB a a A2y 2 T capdbifties(iNaSsKfiBdtt2 hd S a Q
immense room for growth and expansio@urrently, Massachusetts ranks 23rd in the country in
installing advanced energy storage (Figure 6). Other states are far ahead in terms of integratig e
storage into their electric power infrastructure to address retiring generation capacity, peak demands
and intermittent renewable generation

In California, for example, Southern California Edison utility announced the procurement of 261 MW of
energystorage resources in November 2014 as part of a comprehensive solution to mitigate the closing

of a 2,200 MW nuclear plant. In Texas, the state with the highest amount of installed wind capacity,

I RO yOSR aiG2NI3IS Aa o0SAy3d RE4I ABSRAYASKISK LI Sy |
renewable resources. In New York, Con Edison utility has received approval from the NY Public Service
Commission to utilize advanced energy storage as part of a solution to avoid the construction of a new

$1 billion sulstation in Brooklyn

{G2N)r3S /Iy | StL) ! RRNSaa al aal OKdza Sz
Like other states that are utilizing new advanced energy storage solutions to solve electric system
challenges, Massachusetts could similarly benefit from these technologies

vi| Page
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Generation Retirements

The New England region is experiencing significant amounts of generatioaments with the

planned shutlown of 4,200 MW of generation by 2019 and an additional 6,000 MW at risk of
retirement by 2020, including several plants Iwgh in and serving the populated load centers in

91 aGSNYy alaal OKdzaSiGidad 9ySNHeE {0G2NIF3S OFy 2LISN
generation in highly populated areas to mitigate these retirements.

Advanced storage projects typically requirenach smaller footprint and shorter construction timeline

than conventional generation; a gritale energy storage project can be constructed within months,

not years. The modular design of storage resources means that the projects can be sized telany lev
LYONBYSyida 2F OFLIOAlGe OFly Srairte o6S FRRSR G2 7
concept of new storage technologies makes them easy to locate near an existing power plant, a utility
substation, or at a consumer site (such as a hpadactory or a shopping cenjer

Peak Demand is Growing

Massachusetts has successfully implemented aggressive energy efficiency programs which have
reduced average energy consumption. However, according teb19CRtate of the Grid 2016eport,

the peakdemand continues to grow in the region at a rate of 1.5% per {€igure 7) resulting in

added costs to ratepayers to maintain reliabifityln order to provide enough energy during peak
LISNA2Ra yS¢ yIFGdzNI € 3l & a&LISFhitfeWare nestldd ynlydor d sh@l o6 S A
amount of hours per yedrAccording to the U.S. Energy Information Administration (EIA) peaker plants

only operate 2% 7% of the hours in a year (Figure 8). Instead of generating electricity with natural gas
GLISE 1ISWEA LRAzZNAY 3 (GAYSEa 2F KAIK StSOGNRO FyR 7FdzS
using lower cost energy stored during-piak periods to meet this demand

Summer Peak ([MW) Annual Energy (GWh)
35,000 155,000
34,000 150,000
33,000

145,000
32,000 G (o)
*r’pﬂ"“ 140,000 ot EPN."“

31,000 s Y cw:n\'-

4-—0’”"’_.’ 135,000 BE

30,000
15 000 130,000 '__*_.0—0—1__._ —o—0—0

28,000 125,000
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Figure 7: While Energy Efficiency has Decreased Average Energy Consumption, Peakd&saatiGrow (1.5% per yegr)

6 ISONE, State of the Grid: 2016, January 26, 2016;//www.iso-ne.com/static

assets/documents/2016/01/20160126 presentation 2016stateeéid.pdf

! Currently, there are three natural gas peaker plants in these zones accounting for approximate potential 600 MW capacity
undergoing Massachusetts Environmental Protection Act (MEPA) review at the Executive Office of Energy and Environmental
Affairs (EEA).

8 ISONE, State bthe Grid 2016, January 26, 2016

viil Page
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Figure 8: Peaker Plants Only Operat&@® of the Time

Integrate Intermittent Renewable Generation

¢2 YSSi GKS aidlrasSQa 3I2Kta F2N) NBRdzOAy3I 3INBSyK?
renewable generation, such agind and solar, is growing in the New England region. To maintain
reliability with a large penetration of renewable resources, new resources are needed that can quickly
follow the variable and unpredictable changes in renewable resource output. AccdadiSONE

State of the Grid; 2016 report, fast and flexible resources will be needed to balance intermittent
NBaz2dzNDSaQ @erdédtheccbdubyr advdatedldiirage technologitsat can change output

very quickly (ifess thanl second) in response to a change in output from a renewable resource have
been seen as an ideal technology to provide fast accurate balancing services to the grid (seé.Figure 9

Typical Solar Output
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i 2800 T
S 2400 T :
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4 T
|
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Hours ina Day
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)
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responseto grid changes
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Figure 9:Energy Storagedd Respond Quickly to Variable Output to Smodfhutput and Provide Frequencydgulation
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Skyrocketing Growth in Distributed Generation

The amount of installed distributed generation, particularly solar photovoltaic (PV) resources, has sky
rocketed in the Commonwealth. There are over 40,000 distribseldr PV projects operating today

with 400 newly installed projects per week. As more solar PV resources are connected to the
distribution system, utilities are challenged to manage tway power flows at the substations.
Distributed storage located at satations can help manage flows more effectively and alleviate
reliability issues caused by reverse power flows. Reverse power flow is an excess of power flowing from
GKS a2t N ISYySNIG2N) Ayid2 (GKS 3INARI 6KA@QBccuyl & RI
during times of light load and high solar generation where protection systems are not designed for this
overload. Using energy storage on the distribution side of the system will eliminate reverse power flow
concerns by charging with the solar slug (seen in the green portion of Figure 10) and discharging
during times of high demand (seen in the red portion of Figure Blihinatingthe reverse power flow
concerns will provide reliability benefits and lower timterconnectioncost of integratingdistributed
solarresources

Major Outages from Severe Weather

Major electric outages resulting from severe weather impacts are becoming more commonplace.
Although the total number of weather days has decreased, the severity of storm events and the
number of customer outages has increased in recent years. For businesses and residents, the costs of
lost productivity due to an outage can be tremendous. Storage distributed across the Massachusetts
dziAftAGe aeadsSy OFy 3INBLliégrcywinstoyn@welid 8S GKS St SOGNRC

High Electricity Prices

Massachusetts has one of the highest electricity rates in the nation. Commercial and industrial
businesses, especially those with high electricity use and demand cHargels| utilize storage at their
faciities to better manage their peak electric consumption, integrate anysitm generation, and
reduce their electricity bills

REVERSE POWER
_ﬁ REVERSE FLOW PROBLEM ENERGY STORAGE SOLUTION TO REVERSE FLOW

35

|IHMHHI )

llll ]

IIIIIIII IIIIIII 1IIIIIIII IIIlIII

Figure 10: Storage Can Avoid Reverse Power Flows with Solar PV

pow& R (MW)

POWER (MW)

11:00 PM

° Demand charge refers to a fee that C&I customers pay based on their monthly peak electricity usage. The demand charge is
calculated based on the highest capacity required during andiléng period.
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Storage Opportunity Analysis

In order to better quantify the impact of adding storage to the Massachusetts gridstidte of Charge
Study Consultant Team performed a comprehensive modeling analysis, using Alevo AAalytinsed
Storage Optimization tool, to evaluate and quantifiget potential benefits that energy storage
distributed across Massachuseilslectric grid can provide ratepayers. Specifically, modeling was
conducted to determine
1 The optimal amount of advanced storage in MW and MWh to be added over the next 5cyears
through 2020 that will add maximum benefit to ratepayers
1 The distribution of energy storage locations across Massachusetts where adding storage will
achieve maximum benefits to the ratepayeraga
1 A quantification of the reduction in GHG emissionst tten be achieved with the optimum level
of energy storage deployments across the state

1fSg2

lyFteadAadaQ

| RGI Y OSR

{G2N) 3S

hLIGAYAT FGAZ2Y

Production Cost modeling, capturing both hourly and-bBobrly Massachusetts grid conditions, to
predict future grid needs and challenges. The data utilized for the model include detailed
Massachusetts specific generation, transmission and distribution data in a simulation of tNEISO
markets that ceoptimize energyand ancillary services subject to transmission thermal constraints. The
existing generation resource mix (including all installed pumped storage WNE}@s used in the
simulation. The model also accounts for expected generation retirements and additiongy the

study period. The model was stress tested with varying levels of load requirements, fuel prices, and
renewable deployment

By evaluating current and predicted energy storage costs, other technology costs, and economic
conditions, the model detrmines the amount of advanced energy storage that will optimize the overall
operation and cost of the Massachusetts electric system (see Figure 11 model floyv chart

o 1
- ™, CAPACITY PRODUCTION
{ Model Details : BENCHMARK : OPTIMIZATION : COST MODEL
Generators - = i
| ! | |
Modes (e ~, 1 stul/L |
! 1w rage Hourty
" Trans. Lines 1 1 Technology "
e = Day-ghead
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[~ S T Market
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| 1 — ! Sub-hourd
¥
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— . — . Reaktime
Market
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. J | |
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Fuel Prices 1 1 1 advantages o
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Figure 1. AdvancedSorage Optimization Model/Process
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The model analyzed 1,497 nodes and 250 substations in Massachusetts that include generator,
transmission and load substations where storage could be located. The model simulated the electric
system to determine where and at what quantity storage could tééeal in Massachusetts in order to
achieve the following benefits:

1 Minimization of wholesale market costs

Minimization of Massachusetts emissions

Increased utilization of transmission and distribution assets

Minimization of incremental new transmission ats

Increased resiliency from wiekcale transmission, distribution, and generation outages
1 Reduced requirements for new peaker power plant capacity

= =4 —a A

For each location, the algorithm determines the optimal amount of energy storage by MW and MWh
by identifying where the cost of the storage deployment is less than the total benefits to the system

Modeling ResultsCost and Benefit Analysis
Through this modeling effortt was found there is a potential for a large cost effective deployment of
advanced energy storage in Massachusetts. The modelling results show thatlyifs®MW of new
advanced energy storageould maximize Massachusetts ratepayer benefits. The reshltsv that
this amount of storage, at appropriate locations with sizes defined by system requirements and
dispatched to maximize capability, would result in up to $2.3 billion in benéftiese benefits are cost
savings to ratepayers from:

1 Reducing therice paid for electricity
Lowering peak demand by nearly 10%
Deferring transmission and distribution investments
Reducing GHG emissions (reducing the effective cost of compliance)
Reducing the cost to integrate renewable generation
Deferring capitalrivestments in new capacity
T LYONBlFaAy3 GKS INARQE 20SNIftft TFTtSEAOAfAGET NBf
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The model found that this optimized amount of storage in Massachusetts would provide an additional
$250 million in regional system benefits to the other Newglend states due to lower wholesale
market prices across all IS zones. The model estimates that this optimal amount of storage
provides a reduction in GHG gas emissions by more than 1 @@Pkover a 10 year time span and is
equivalent to taking over 23,000 cars off the road over the same time span. The breakdown of the
total modeled benefits is shown in Table 1.

This optimized amount of storage is estimated to cost $970 million to $1.35 billionsideringhe
Massachusettsatepayer benefis alone of $2.3 billion,1,766 MW of storage provides net benefits to
ratepayers witha benefitcost ratioranging froml.7 to 2.4.

In addition to system benefits that accrue to all ratepayers, the modeling results also show the
potential for $1.1 billion in dect benefits to the resource owners from market revenue. The modeling
resultsindicate that therewill be a total storage value of $3.4 billion, where $2.3 billion comes from
system benefits, i.e. cost savings to ratepayers, and $1.1 billion in marketuewve the resource
owners. Figure 12 shows the overall value proposition of investing in 1,766 MW of aharaye
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. . Ratepayer
Benefit Description s
Energy Cost Reduction
Energy storage uses lower cost energy stored at off-peak to replace the use
of higher cost peak generation: $275M

* reduced peak prices
* reduced overall average energy price

Reduced Peak Capacity

Energy storage can provide peaking capacity to:
» deferthe capital costs peakerplants $1093M
*  reduce costin the capacity market

Ancillary Services Cost Reduction
Energy storage would reduce the overall costs of ancillary services required
by the grid system through:

*  frequency regulation

s spinning reserve E M
* voltage stabilization
Wholesale Market Cost Reduction
Energy storage provides system flexibility, reducing the need to ramp
generators up and down and resulting in:
¢ |esswearand tear
$197M
* reduced start up and shut down costs
* reduced GHG emissions (lower compliance cost)
T&D Cost Reduction
Energy storage:
*  reducesthe lossesand maintenance of system
. rovides reactive power support
P p PR $305M

* increasesresilience
* defersinvestment

Integrating Distributed Renewable Generation Cost Reduction

Energy storage reduces costin integrating distributed renewable energy by:
» addressingreverse power flow at substations $219M
* avoiding feederupgrades at substations

Total System Benefits 52,288M

Table 1: Total System Benefits

Storage projects can simultaneously provide both system benefits to all ratepayers and direct revenue

to the resource owners. For example, if an entity develops an energy storage system in a load
constrained area for the purpose of storing cheap elecyritit sell during times of higher electricity

price, not only does that developer receive sales revenue, ratepayers also see lowered prices. This
ratepayer cost reduction results from deferring the cost of a new transmission line intiodldezone

to meetan ever increasing peak demandit can be an energy cost reduction created by the storage
NE&A2dz2NOSQa LS| aKATFOGAY3I adz2lLINBaaAy3d SySNHE& LINK
storage development and the storage project developer sees revémmm the investment
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Storage Value Proposition
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Figure 12: Storage Value Proposition

In addition to energy price hedging and other services, storage projects have the potential to earn
additional revenues in the wholesale electricity market for energy, capacity, and anc#iatges.

However, as further discussed in Chapter 8, this will require thatNSQ@emove barriers in their

market rules that currently limit the full participation of advanced energy storage projects in their
wholesale markets. Additionally, storage prctie can earnavenue if located at a customesite by

NB R dzOA y 3
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investment in the storage technology has to outweigk ttapital investment cosAs shown in Figure

OAft

2

12, from a ratepayer perspectivihe system benefits alone justify an investment in storddewever
the existingrevenue mechanisms that would encourage investment from a private storage developer

are often insufficient. Private investors will simply not invest in building storage projects in

AR

Massachusettsvithout a means to be monetarily compensated for the value the storage resource
provides to the systemeven though doing so would result in cost benefits ratepayers that

substantially outweigh the cost of investmefitis finding explains why the Alevo Analytics modeling

shows that Massachusetts ratepayers could benefit from a large potential of advanced energy
storage deployed across the Massachusettidgyet today there is oty a limited amount (less than 2
MW) of advanced storage actually operating in the Commonwealth

The biggest challenge to achieving more storage deployment in Massachusetts is the lack of clear

market mechanisms to transfer somgortion of the system benefits (e.g. cost savings to ratepayers
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created to the storage project developefhis limit on existing energy storage opportunities prompts a
fresh look into how to account for the complete energy storage benefits bywihelesale and retalil
market electricity markets, as well as by regulators and policy makers

As described in Chapter 6ther states are advancingegulatory and policy initiatives that recognize
and seek to correct this discrepancy. Therefore, the Sitelym evaluated approaches being pursued
in other states to analyze their applicability for Massachusetts

Energy Storage Applicatiodse Case

Based on the modeling results and feedback from stakeholders, the Study Team analyzed the
economics of ten spEfic storage Use Cases to evaluate how storage economics vary by business
model, market involvement and location. The Use Cases include merchant wholesale applications,
storage paired with renewable generation projects, use as a utility grid modernizatiset, and

behind the meter applications at both commercial and residential locations. The Use Cases illustrate
how storage owners and developers can capture value from owning, operating, or contracting for
services from energy storage resources, as aelthe system benefits that are created from the Use

Case application. The economic analysis of these Use Cases is then used to inform specific policy and
program recommendations to grow the cesffective and beneficial use of storage in Massachusetts.

The Use Cases are visualized in Figure 13 and described in Table 2. A detailed analysis of the Use Cases
is presented in Chapter.5

Merchant

Freq Reg LSE/::::;Z:“IW
(ATRR)
‘ Conunercial & Industrial
=
Merchant _— Cusioms
Generator o Sy C&I BTM
+ Storage Solar +
Storage
Merchant
Solar +
Storage
Residential
BTM
Large-Scale Renewables Substation Microgrid Residential dispatched bv
Utility ; _ : e : utilities
chd o Energy Storage has potential applications across the entire electricity value chain

Asset

MLP Asset Microgrid/ Resiliency

Figure 13: Energy Storage Application across Electricity Enterprise Value Chain
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Investor Owned Utility (IOU) Grid
Mod Asset: Distributed Storage at
Utility Substations

Municipal Light Plant (MLP) Asset

Load Serving Entity
(LSE)/Competitive Electricity Supplier
Portfolio Optimization

Use Cases

The storage systems would be owned and dispatched by the Investor Owned
Utilities, i.e. Unitil, Eversource, and National Grid. The systems would be likely
located at distribution substations with the locations selected by the I0Us to
address local needs including high demand, reliability conditions, and
renewables integration.

The storage systems would be owned and operated by a Massachusetts MLP
and located within the municipality. Uses for the systems would be to lower
the municipality’s peak demand, capacity and transmission costs, as well as to
provide local resiliency.

In Massachusetts LSE’s provide the energy supply portion of a ratepayers I0U

electricity bill. LSE’s either offer competitive supply direct to consumers or
provide 10U’s basic service supply. An LSE would utilize storage as a means to

hedge energy costs, purchasing low cost energy and providing stored energy

during times of high energy cost, and to sell services in the ISO-NE markets.

C&I Solar Plus
Storage

Behind the

Meter Residential Storage

Residential Storage
Dispatched by Utility

A commercial or industrial customer with on-site solar would own and
operate a storage system to better utilize and firm the energy from the solar
installation, allowing the C&I customer to reduce their reliance on grid energy
during peak times, decreasing demand charges, and capturing the full value of

their solar energy regardless of net-metering structure.

A behind the meter residential storage system can be owned by the customer
and located within the home for resiliency during grid outages.

Similar to the above Use Case, the storage system would be located in the
home and provide resiliency but the utility would be able to dispatch the
system to capture the grid benefits of peak demand reduction. The system
could be owned by either the utility or the customer.

Alternative
Technology
Regulation Resource

Storage + Solar
Merchant

Stand-alone Storage ‘

or Co-Located with
Traditional
Generation Plant

A merchant storage developer operates the storage system as an Alternative
Technology Regulation Resource (ATRR) to provide freguency regulation in
the ISO-NE market.

A solar merchant project developer operates a storage system co-located with
the solar resource to better integrate the solar generation into the energy
market. The storage system allows the project developer to sell
“dispatchable” and firm solar energy better aligned with peak demand, as
well as ancillary services.

A gas or other fossil fuel generator would own and operate a storage system
on site to allow the plant to run at optimal heat rate levels, utilizing the
storage to provide fast ramping response and ancillary services.

Resiliency/Microgrid

A municipality or another localized energy user such as a university campus or
medical center owns and operates the energy storage systems to provide
peak demand reduction, reducing capacity or demand charges, while reducing
the costs to provide backup power in the event of an outage.

Table 2:Use Cas®escriptions

For eachUse Case the Study Team evaluated the economics for making the investment in the storage
by assessing:

(1) The value the storage owner/developer can monetize through existing market mechanisms, and
(2) The system benefits that would accrue to Massachusettepayers should the investment in
storage be made
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Estimated Share of
1766 MW Millions &
Recommendation

Benefit/Cost

Combined Ratio

Benefits
(Market Revenue
+ System Benefits

Investor Owned Utility (IO0U) Grid Mod
Aszet: Distributed Storage at Utility 40% 707 1301 387 336
Substations
Municipal Light Plant (MLP) Asset 10% 177 448 a7 460
LCIEI:-i $erV|ng E_nt|tl,r [LSE]{Com;?et.ltw?e 8% 141 158 27 205
Electricity Supplier Portfolio Optimization
C&I Solar + Storage 6% 106 103 58 178
Behind the Residential 5t 43 71 19 53 049
- esidential Storage .
Se5|dentlal Stora_g.e Fom o 13 = 53
Dispatched by Utility
Alternative Technology
. 15% 28 45 15 3.00
Regulation Resource
Merchant Storage + Solar 10.5% 185 373 102 366
Stand-alone Storage or Co-
Located with Traditional 0.5% 168 405 o2 4.40
Generation Plant
Resiliency/Microgrid 5% &7 133 48 277

Table 3:Use Cas®enefitto-Cost Ratio

By examining the combined benefits from both the value the storage resource could earn through
market mechanisms, as well as the benefits the storage resouotéd provide the system through
reductions in system costs, a determination can be made as to whether it would beftedive to
Massachusetts ratepayers to utilize storage for each Use Case. Table 3 shows that when the potential
revenue streams avable to the project owner and the benefits that would accrue to the overall
electric system are combined, the analysis resulted in bet@fiiost ratios greater than 1 in most Use
Cases. However, as discussed in detail in Chapter 5, while thre behefts outweigh the cost of
investment, in many Use Cases the value that the storage owner/developer can monetize through
existing market mechanisms and regulatory constructs is too small for the investment to be made by
the storage owner/developer even thohgloing so would result in net benefits to electric ratepayers.

To realize the system benefits modeled, mechanisms are needed to bridge the gap between the cost of
energy storage and the revenue captured by the storage owner/developer

Regulatory and PolicRecommendations

Based on the Modeling analysis in Chapter 4 and the Use Case analysis in Chapter 5, as well as the
NEOASG 2F 20KSNJ adlrdsSQa aid2Nr3S LREAOASA |yR L
Massachusetts to facilitate the deployment of energy storagthiwithe state to achieve optimal

system benefits to rate payerd.he study provides a suite of recommendations to support 1) the
growth of costeffective storage deployment on the MA grid and 2) the growth of stocagepanies as

part of Massachusetf¥obust clean tech economy. These recommendations are expectgieltb600

MW of new energy storage technologiesn the Masachusetts gricoy 2025 providing over$800
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million in cost savings to ratepayersnd approximately350,000 metric tons reduction in BG
emissionsover a 10 year time span which is equal to taking 3&000 cars off the road

Chapter 7 provides a comprehensive list of recommendations for Massachusetts policy and programs
to help realize energy storage system benefits and increaseatheunt of storage deployed in
Massachusetts. Thegmlicyrecommendations seek to maximize the system benefits of energy storage
via longterm ratepayer cost reductions, increased grid resilience and reliability, and decreased GHG
emissions. The recommentians can unlock the gamehanging potential of energy storage growth on

the Massachusetts electric grid and encourage promising storage companies to locate in
Massachusetts

Policy Recommendations include:

1 Grant and rebate programs
Storage in state pofblio standards
Establishing/clarifying regulatory treatment of utility storage
Options that include statutory change to enable storage as part of clean energy procurements
Other changes: easing interconnection, safety and performance codes and standadds,
customer marketing and education

= =4 =4 =

Chapter 8 provides recommendations for {88 market rule changes to enable advanced storage to
participate in the New England wholesale market. Chapter 9 suggests mechanisms to grow storage
companies and create a thihg energy storage industry in the state. Table 4 below shows which
policies and programs, further described in Chapters 7 andogild jumpstart specific Usea€es and

begin wider deployment of storage in the Commonwealth.

The Study Team assigned thecommendations into two broad categories: (1) policy and program
recommendations to grow the deployment of advanced energy storage in Massachusetts, and (2)
policy and program recommendations to grow the energy storage industry in Massachusetts
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Policies & Programs
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Investor Owned Utility (1OU) Grid Mod
Aszet: Distributed Storage at Utility L] L] . L] - -
Substations
Municipal Light Plant [MLP) Asset L] L] L] L]
Load Serving Entity (LSE)/Competitive . . . .
Electricity Supplier Portfolio Optimization
Commercial &
Industrial Sclar + L] L] . . . . .
Storage
Behind the Meter
Residential Storage . . . . .
Dispatched by Utility
Alternative Technology . . .
Regulation Resource
Merchant Storage = Renewable L] L] L] L] L]
Stand-alone Storage
or Co-Located with . . .
Traditional Generation,
Plant
Resiliency/Microgrid . . . . . .

Table4: Use Casg and Policies

1. Policy and Program Recommendations to Grow the Deployment of Advanced Energy
Sorage in Massachusetts

The following recommendations capture the opportunities for monetizing system benefits and
increasing the amount of newdaanced energy storage in Massachusetts to 600 MW thraigte
policies and programs. The recommendatiamslude establishing and clarifying regulatory treatments

of storage, grant and rebate programs, integration of storage into State Portfolio Stanqarntial
statutory changes for inclusion of storage in ldegn clean energy procurements, and
recommendations for ISO Market Rules
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Storage as a Utility GriMlodernization Asset

In June 2014, the Massachusetts Department of Public Utilities (DPU) issued OB I(®rder)

requiring each electric distribution company (EDC) to develop Grid Modernization Plans (GMPSs) to
meet four objectives: (1) reduce the efft of outages; (2) optimize demand which includes reducing
system and customer costs; (3) integrate distributed resources; and (4) improve workforce and asset
management. Energy storage would successfully address several objectives of the Order particular
2LIAYATAY3 RSYIFIYRZT AyYyGSaANIdGAy3a RAAGNAROdzZISR NBa
¢ SOKYy 2 fsidcidleS dséone of the categories of grid modernization assets that is eligible for rate
recovery if justified with a business case that idels all quantifiable and unquantifiable benefits and

costsb / dZNNBy G dziAft AGASAQ Dataxr FTAE{SR gAGK AKS 5t |
GridMod is an ongoinBPU proceedingtilities couldamend their GMPs tpropose expanded energy

storage programs. To provide further clarity on the regulatory treatment of utility storage, the DPU
could conduct an investigation on storagpecific issues, create Guidelines for the Methods and
Procedures for the Evaluation and Approval of Energy Stosagkinvestigate the ability of utilities for
contracting with thirdparties for operating storage to enable sales to the ISO wholesale markets

Storage as Peak Demand SavingslTin Energy Efficiency Investment Plans

Massachusetts state law, M.G.L. cBHME (GKS DNBSYy [/ 2YYdzyAidiAaSa ! Ol
investor2 Y SR dziAf AGAS& YR FLIWINRGBSR YdzyAOALNI £ F IIAN
available energy efficiency and demand reduction resources that are cost effectiess expenses

0KFyYy &alzRonE2@ &the Statewide Three Year Energy Efficiency Plans have a new focus on Peak
Demand Savings, including demonstrations and assessment of current incentives aeffexbisteness
framework. Energy storage, used to shift and manlage as part of peak demand reduction programs,

can be deployed through this existing process may require changes in the current DPU Guidelines
benefit-cost test methodology to accommodate storage in these demand reduction programs

Energy Storage Initiative (ESI) RFP

In order to jump start the market, the DOER and MassCEC plan to issue an RFP for storage project
demonstrations using the $10 million ESI funding. Given the large amount of interestsfumin
stakeholders and the study results showing substantial benefits to ratepayers from advanced storage,
increasing demonstration project funding from $10 million to $20 million is recommended. This

F RRAGAZ2Y I § ' Y2dzy G OFy 0SS tivé GpmRliGriee Raynsi® (A furiddh & w Q &
MassCEC trust funds

al dal OKdzaSidda h¥FSNBR wSol #{SiE2 NF ANIStonmeERiINDtGage NP 3 NJ
Projects

Rebate programs have been very successful in rapidly accelerating new technology adoption. This
LINEINI Y g2dZ R 6S Y2RSt SREVIREHAS progmm Bav flévided fis@iogSiéd & T dz
Massachusetts residents who purchase electric vehicles. The goal of theSk@ige program is to
encourage Massachusetts commercial and industrial busingssiesest in storage that will 1) assist

the business in lowering their electricity bills, 2) better utilize anysibe generation, and 3) provide

benefits to the grid by reducing peak demand. Funding would be from DOER ACP funds
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Grant Funding for Feasillity Studies at Commercial and Industrial Businesses

Small to medium sized commercial and industrial (C&l) customers, particularly Massachusetts
manufacturers, often struggle with high and volatile energy costs, which can dramatically impact their
compefitiveness. At the same time, these customers rarely have the time, nor thelige expertise to
evaluate potentially cost saving storage, or solar plus storage, options for their facilities. The Solar plus
Storage pilot program will fund site assessmethiat qualify the technical and financial feasibility of
storage only, or solar plus storage systems at participating manufacturing facilities. Funding of
$150,000 from MassCEC

Community Resiliency GrantsPart Il

5howQa &/ 2YYdzyAdGe Oef Slyya GRY INBRS EwS&A fLAISNG 2F (KS
climate change preparedness effort. Round Il of the grant program will be focused on C&l and
municipal resilience projects using clean energy plus storage solutions to protect from service
interruptions. Projects funded through the Community Resiliency Initiative grants will protect critical
facilities (hospitals, shelters, gas stations, transportation, schools, etc.) by implementing clean energy
technologies to keep facilities operable in timek power outages due to severe climate events or

other emergency situations. Utilizes $14.2 million remaining from the original $40 million of DOER ACP
funding

GrantProgram to Demonstrate Peak Demand Savings

DOER will be funding demonstration gramikere utility and market actors can directly address the
technical, regulatory, and market challenges of peak demand management in owmwstiteEnergy
Efficiency programs. The goal of the grant program is to test a variety of program designs against
Massachusetts market conditions to gain a better understanding of how peak demand management
can be a viable system resource moving forward

Add Storage to Ejible Green Communities Grantélects

While no energy storage projects have been funded through@neen Communities program to date,

it could be added as an eligible technology in future grant opportunities. Energy storage has the ability
to meet objectives of the program through prioritizing demand reduction and the integration of
renewables into communities

Amend Alternative Portfolio Standard (APS) baclude all pes of Advanced Energy Storage

Inclusion of a broader range of energy storage systems (beyond the curedigilyle flywheektorage)

in the APS would expand an existing financial mechanism to encourage increased deployment of
energy storage by helping to monetize the system benefits. This would help close the revenue gap for
storage project developers by creating an additiorlenue stream to monetize the system benefits

not readily captured by storage developers, but which ultimately flow to all ratepayers in the form of
lower electricity prices. Since the Alternative Energy Credits (AEC) are paid by ratepayers, as kng as th
AEOQvalueis lower than the system benefits created by the investment in storage, this is a win/win for
ratepayers and storage developers. The expected deployment of energy storage as a result of such a
program is difficult to estimate without a thorougtompetitive market analysis, but could be very
significant
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Evaluate Storage in the &elopment of the Next Generation Solar Incentive Program.

Incorporating solar with behinthe-Y SG SNJ SySNH& &dG2N}3S gAGKAY {(GKS
incentive program would encouragektS dza S 2F A0 2Nl 862 MKISE WHR O RS
020K GKS ada2aidSY 26ySNIIFYR NIGSLI &@8SNE o6& Syl ofAy:
load, driving both greater value to the owner and increased higned the system

Create an Advanced Storage Working Group at-N©

This Working Group could be created to ensure a level playing field for the inclusion of advanced
energy storage resources in all F8lB markets ando recommend market rule changes to remove
barriers to new storage technologies participation. ExpandingNEQnarkets that currently utilize
advanced storage resources, namely the Frequency Regulation market, could increase advanced
storage deployment

Allow bids that have energy storage components in any possible future lemgn clean energy
procurements.

* Asof AugustB Hnmc X a lnawlylp&ssedzéoBpreheénsive energy diversification legislation
incorporated this recommendation

Currently, Massachusetts statutes do not provide clarity on the ability to include storage as part of a
project bidding into a clean energy RFP. For exampégupements under the Massachusetts Acts of

2012, Chapter 209, Section 36 require, among other things, that the clean energy to be qualified as
Renewable Portfolio Standard Class |, and does not specify how energy storage is treated. Eliminating
the ambiguties surrounding energy storage systems and including them into future-téong

renewable energy procurements will enable the projects to utilize the benefits of storage to firm the
renewable portion of the project by creating a loteym revenue streanto support the financing of

GKS aid2N}F3S LRNIA2Y 2F GKS LINR2SOdGe ! Of SFNJ RST
{eaiSYé¢ aKz2dZ R 06S AyOftdzZRSR ¢gAGKAY GKS adl ddzi2Ne
future clean energy focurements

The following recommendations capture the opportunities for strengthening the storage industry in
Massachusetts through state policies and programduding recommendations to grow companies
through increased investment, workforce development, and utilization of academic expertise to
support storage startup growth and R&D

Increase Investment in Storage Companies

Promote the growth ofan energy storage cluster in Massachusettsetgand jobs and maintain
leadership in storage and expand the MassCEC Investment Programs to support energy storage
companies in Massachusetts
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Workforce Development
Expand MassCE@ograms to develop the trained workforce required to support the large scale
deployment of energy storage and the growth of the energy storage industry in the Commonwealth

Continue Support of New Technology Development

Utilize the energy storage exddi A &S Ay al adal OKdzaSGiaQ 62NI R Of I
storage startups in Massachusetts and invest in research and development and testing facilities to
anchor an energy storage cluster in Massachusetts

New advanced storage techlogies provide an opportunity to modernize our electric system for the
benefit of our ratepayers and to grow the clean tech industry here in the Commonwealth. By adopting
the policies and recommendations contained herein Massachusetts will continue taHeaday on

clean energy, energy efficiency and the adoption of innovative technologies such as energy storage.
Storage carprovide an important component of a diversified energy portfolio that will achieve the
Bakert 2 f A2 ! RYA YA &G NI di dlean/ affordalle? Irekilienti énergd Kiide fof the
Commonwealth
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ACRONYMS

A/C Air conditioning

AB AssembhBill

ACP Alternative Compliance
Payment

AECs Alternative Energy
Certificates

AEO Annual Energy Outlook

AGC Automaticgeneratorcontrol

APS Alternative Portfolio
Standard

APS Arizona Public Service

ARR Annual Reliability Report

ATRR Alternativetechnology
regulation resources

AWEA American Wind Energy
Association

Bcf Billion cubic feet

BPU New Jersey Board of Public
Utilities

BQDM Brooklyn Queens Demand
Management Program

BTM Behind the meter

C&l Commercial and industrial

CAES Compressed air energy
storage

CAGR Compound annual growth
rate

CAISO California ISO

CES Community energy storage

CESA Clean Energy States Alliance

CGS Customer grid supply

CHP Combined heat and power

CO2 Carbon dioxide

ConEd ConsolidatedEdison

CPUC California Public Utilities
Commission

CSP Concentrating solar power

CSR Codes, standards, and
regulations

CSR Capacity Storage Resource

CSS Customer self supply

CT Simple cycle combustion
turbine

CT DEEP Connecticut Department of

DBl
DER
DG
DOEOE
DOER

DPU

DR
DRPs

EDCs

EEAC

EIA

EM&V

EOEEA

EOL
EPA

EPIC

EPRI

EPSA

ERCOT

ESA
ESI
ESR
ESS
ESVT

ETA
EV
EWEB

FCA

Energy and Environmental
Protection

Declining block incentive
Distributed energy resources
Distributed generation

DOE Office of Electricity
Department of Energy
Resources

Massachusetts Department
of Public Utilities

Demand response
Distribution Resources Plan
Proposals

Electricity Distribution
Companies

Energy Efficiency Advisory
Council

Energy Information
Association
EvaluationMeasurement
and Verification

Executive Office of Energy
and Environmental Affairs
End of life

Environmental Protection
Agency

Electric Program Investment
Charge (CA)

Electric Power Research
Institute

Electric Power Supply
Association

Electric Reliability Council of
Texas

Energy Storage Association
Energy Storage Initiative
Energy Storage Resource
Energy storage system
Energy Storage Valuation
Tool

Electricthermal storage
Electric vehicle

Eugene Water & Electric
Board (OR)
Forward Capacity Auction
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FCM
FERC

GHG
GMP
GMPs
GW
GWh
GWSA

HECO
HG&E
HQ
Hz

I

IEC

IOU
IPP
ISGNE
ISO

ITC
ktons
kV
kWh
LCOE
Lilon
LMP
LMU
LSE
LTPP

MACRS
MassCEC
ME PUC

MECO
MEPA

MGE

MISO
MIT

Forward Capacity Market
Federal Energy Regulatory
Commission

Greenhouse gas

Green Mountain Power
Grid Modernization Plans
Gigawatts

Gigawatt hour

Global Warming Solutions
Act

Hawaii Electric Company
Holyoke Gas and Electric
HydroQuebec

Hertz

Current

International Electrochemica
Commission

Investor owned utility
Independent power producel
ISONew England
Independent System
Operators

Investment tax credit
Kilotons

Kilovolt

Kilowatt hours

Levelized cost of electricity
Lithium lon

Locational marginal price
Locational Marginal Unit
Load serving entity
California Long Term
Procurement Process
Modified Accelerated Cost
Recovery System
Massachusetts Clean Energ
Center

Maine Public Utility
Comnission

Maui Electric Company
Massachusetts
Environmental Protection Ac
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Energy storage can enhance the efficiency, resilicaeg sustainabilityof the entire electric power
grid. Energy storage is the only emissidrse technology that can store electricity for use in future
periods when there is a higher demarittmodernizes the way we generate and deliver electricity
and can help utilities avoid costly distributioand transmgsion system infrastructure upgrades
With the use ofstorage the system operator can morefficiently managethe variabilityon the
power gridthat comes withmcreased penetratiof renewableresources It canassistiargeenergy
users and municipaies achieve security and resilience of supplyd lower their overall costas
well assupporthouseholdsn managngtheir energy costs

Energy storage carassist in theachievanent of numerous interrelated policy mandatesvhich

include: expandng renewable generation addressingclimate change risksand transforming an

aging power systennfrastructuret including the potential retirement of many of§n 02 dzy i NB Q&
fossilfuel power plants. These emerging trends aimpacting the decisions «fystem operators,

utilities, developers, regulators, and policy makirsievelopng policies andnvestments fora new

modernized grid.

Significant change is happening in the Massachusetts power settwugh demand continues to
grow, average e@mand isdecreasingdue to policies encouragingincreas@ energy efficiency
investments andhe installation of renewable resources customer site. There has also been
considerable growth ofgrid-scale renewables de to renewable portfolio standardsutility
development, andongterm contractsfor renewable resources.Adding tothese conditionsare
lower natural gas priceslder fossil generatorsand nuclear power plantthat are not economical
and are retiring Finally the state hasan agingransmission and distribution infrastructure.

Tohelpaddress these issues, the MassachusBti&erPolito Administration has introduced the $10
million Energy Storage Initiati(eSlpimed atmakingthe state a national leader in energy storage

GThe/ 2YY2y 6SHfGKQa LXIya FT2NJ SySNHe& &ad2NJF3AS| gAff
mature local market for these technologies that will, in turn, benefit ratepayers and the |local
SO2y2Yézé . I 1SN alAR® dal &4l OK dadide (alicampréhersivel y S E
approach to support a growing energy storage industry with this initiative's analysis, policy and
program developmen’é

As part of theinitiative, the Department of Energy Resourc@3OERhas partnered with the
Massachusetts Cledenergy Center (MassCECEetbark on a study tanalyze the storage industry
landscape, review economic development and market opportunities for energy storage, and
examine potential policies and programs that could be implemented to better support energy
storage deployment in Massachusetts. The study also provides policy and regulatory
recommendations along with cosienefit analysis for state policymakerd OER can utilize the
results of the study to identify target areas for further analysis and paaénpolicy
recommendations.

Massachusettds a leader in seeding and facilitating the growth of emerging advanced energy
technologies, such asnergy storage. Massachusetts has supported these technologies through

1% Executive office of Energy and Environmental Affairs. May 28, Balk®rPolito Administration Announces $10 Million
Energy Storage Initiativeww.mass.gov/eea/p2015/10-million-energystorageinitiative-announced.html
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research and development funding and othpolicies aimed at moving local, clean technology
products from the laboratories to commercial succe8y. leveraging the years of work in the solar
and windindustries the Commonwealth is weflositioned to nurture and grow the energy storage
industry through programs and initiatives aimed at both attracting business and deploying the
technology.

¢ KS GSNY &S a5kl dmaayidiféidnteignologs, including batteries, flywheels,

and pumped hydroelectristorage among other technologies All technologies can store energy
during periods when the cost is low and then make the energy available during a period when the
costs are higher. Energyoshge can absorb energy from renewable resoursesh as solar power

that may overproduce in certain periods and then use it in later periods when it is more valuable to
the customer and the power grid.

Storage technologies range in scalenfreamall sy®ems used in homes fdsackuppower to utility-

scale systems that interconnect to the power grid. Energy storage has altsglyn seeing
adoptionin many markets around the world, driven by both renewable energy generation and local
reliability needs.

Many advancednergy storagegechnologies havenatured beyondthe research and development
phase. Theyare commercially viable andre operatingthroughout the US and around the world

To date energy storage in Massachusetts has primarily been limaddimpedHydro Sorage (PHS)
in Northwest Massachusetts providing bulk energy to the New England grid operateNel3O

EnglandISGNE)P ¢tKSasS tl1{ NB&A2dz2NOS& 6SNB odsAatld Ay GKS

of capacityquickly inthe event of anuclear plant trip. The evolution and diversity of energy storage
technologies, applications, and grid locations has gone well beyond the limits of pumped hydro
storage While Massachusetts has benefited from pumped storage operating in the region,
geogaphic and environmental limitations make it unlikehat new pumped storage will be built.
Therefore the Energy Storage Study focuses on naswanced energy storage technologies that are
now available.

Massachusetts is facirnge possibility of oved0,000MW of power plant retirementsn the region
by 2020and an incrasing reliance on natural gasThis transitionis happeningt the sametime as
technological advances are blooming in the renewable and smart grid @rénia pivotal, thereforg
for policy makers to understand the progress lgeimade in the energy storage industry; it is no
longer a echnology of the future. Energy storage lasved, and it is available todayAt present
there are numerousenergy storage projestoperating wortiwide, and many areparticipating in
competitivemarkets withait any subsidies.

"4a2NB (KIYy n=sunn a2z 2F O02Lts 2Ats | yR Y dz01$AndtheBIYPS NI ( A y 3
MW of coal and oilfired generatorsare dlk & 1 F 2 NJ NB (i ISONE YRaglohal Enérgy iDatlaok, ®éarch 2, 2016;
http://www.iso -ne.com/staticassets/documents/2016/02/NE_PoweBrid 20152016 _Regional Profile.pdf
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exponential growth predicted over the next couple of years, energy staelgdons will delive
smarter, more dynamic energy services, address peak demand challenges and enable the expanded
use of renewable generation like wind and solar. The net result will be a more resilient and flexible
grid infrastructure that benefits Amiean businesses and consungis
- M. Roberts, Executive Director, Energy Storage Associgtion.

2y K2

As decisiormakers evaluate whether to spend billions of dollars in pemnventional generation

and transmission, consideration of energy storay®uld not be ignored. As this Energy Storage
Study shows, energy@ageis an economically and technicaljable solution for alleviating future
reliability and environmental challengegile integrating renewable generation

1.2 Storage Technologies

There aremany different kinds benergy storage technologies with various capabilities. While all
technologies ®re energy, the way in whickeach operates can diffet Thus the variety of
technologiesprovides flexibility in matching energy storagesolutionsto diverse energy related
challenges faced by the consumer and the power grid operator

1.2.1 Description of Storage Technologies

Batteries, pumpedstorage systems, ice storage, and hbasedthermal storage make up some of

the more commontypes of energy storage Pumped HydroStorageis often referred toas
cconventionalenergystorage. More recentemerging forms of energy storagsuch as batteries,

flywheels, and new compressed air energy technolqdied 5 2 Fi Sy NBFSNNBR (2 | &
a (i 2 NI ERdy)¢ storagetechnologies can be broadly classified as: mechanical, electrochemical,
thermal, electrical and chemical storageSee Figure 1-1 for the many storage technologies

contained ineach category.
. Chemical
Electrochemical b

Pumped Hydro

(Conventional
Storage)

CAES

(Compressed Air
Energy Storage)

——

Flywheel

Lead acid, Lithium
lon, Sodum Sulfur,
and Sodium
Nickel Chloride

Flow batteries-

Vanadium redox,
Zinc-bromine

Sensible- Molten
salt, chilled water

—

Latent- Ice
storage, Phase
change materials

—

Thermochemical
storage

—

Supercapacitors

SMES

| | (Superconducting

MagneticEnergy

Storage)

——

Power-to-Power
(Fuel Cells, etc)

——

Power-to-Gas

Figurel-1: Classification of Energy Storage Technologies

12 Quote by Matt Roberts, Executive Director of the Energy Storage Association (ESA), regardres&arbh/Energy
{ 02N} 38 | @& E@y Sfofageymaritor 2015 Year in Review

CHAPTER 1 3| Page


https://www.greentechmedia.com/research/subscription/u.s.-energy-storage-monitor

STATE OF CHARGE
Massachusetts Energy Storage Initiative Study

1 MechanicalSorage includes Pumpedydro Storage (PSS, Compressed Air Energy Storage
(CAESHnd Flywheels

o PumpedHydro Storage(PHS)stores electrical energy as the potential energy of water.
Generallythis involves pumping watento a large reservoiat a high elevation usually
located on the top of a mountain or hillWhen energy is required, the watén the
reservoiris guided through a hydroelectric turbine, which converts the energy of flowing
water to electricity. PHSis often used tostore energy for long durations for use in a
future period. The location of thee systems is dictated by the presencehs required
geology. Proposed pumped storage projects are also subject to rigorous environmental
clearances, whicbanadd significantly to the time required for the installation of such a
system. Projects can takiwe to fifteenyears to be sited, permitted and built.

Figurel-2: Northfield Mountain Pumped Storage Pject in Massachusetts

o Compressed Air Energtofige (CAESEonvertselectrical energyinto compressed air,
which is storedeither in an underground cave or abowground in highpressure
containers. When excess or low cost electricity is available frongtide it is used to
run an electric compressor, which comegses air and stores iWhen electrical energy
is required, the compressed air is directed towards a modified gas turbine, which
converts the stored energy to electricity A recent advancementhat is maturing
through research and development by several startups is storagieedfieat produced
during the compression. This type of CAES does not use naturaltgagheat the air
upon decompressiomnd istherefore emissiondree, as well as morefficient overall
Similar to pumped hydro, CAES systems are used for storing energy overdergds.

0 Flywheelstorage systemsstore electrical energy as the rotational energy in a heavy
mass. Flywheel energy storage systems typically consist of gelaotating cylinder
supported on a stator.Storedelectric energy increasesith the square othe speed of
the rotating massso materials that can withstand higielocities andcentrifugal forces
are essentialFlywheel technology is a low maintenarmed low environmental impact
type of energy storageln general, flywheels are very suitable for high power
applicationsdue totheir capacity to abasrb and release energy in a very short duration
of time.
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9 Electrochemical storagéncludes various battry technologies that use different chemical
compounds to store electricity Each of the numerous battery technologies have slightly
different characteristics and are used to store and then release electricity for different durations
ranging from a few nmutes to several hours. There are two main categories of batteries: (1)
traditional solidrechargeablebatteries where the chemical energy is stored salid-based
electrodes and, (2)flow batteries where chemical energy is stored in varying typeffowafing
liquid electrolyteskept in tanks separate from the actual electrochemical cells

0 SolidRechargeabl®atteries

A Lead Acid Lead acid batteries have been in commercial use in different
applications for over a century.Lead acidis the most widely used battery
technology worldwide. High performance variations of lead acid batteries are
classified aadvanced lead acidnd are known to have a longer life.

A Lithium lon batteries areincreasinglyused in many applications in bdings,
factories, on the power gridand in electric vehiclesThey include various types
of chemistries, and includéthium-containing anodesombined with cobalt,
nickel, manganese and phosphate based cathod&hey can beadapted to
many differentUse Caseand are quickly becoming a dominant technology for
new energy storage projects

A High Temperature SodiunThis type of battery is made from inexpensive, fion
toxic materials. The battery operates at a high temperature (abové@0and
has beershown to have a long cycle life.

A Zinecbased batteriecombine zinc with various chemicals and aeglier in their
development stage than some of the other battery technologies. Historically,
zinc batteries were not rechargeableut developers are ovepming challenges
to produce fully rechargeable ziti@sed chemistries This technology is known
for being lightweight, lowcost, and nortoxic.

o Flow Batteries

A Flow batteries differ from conventional batteries in that energy is stored in the
electrolyte (the fluid) instead of the electrodes. The electrolyte solutions are
stored in tanks and pumped through a common chamber separated by a
membrane that allows for transfer of electrondlow of electricity between
the electrolytes.

A There are many different types of flow batteries, of which at least three varieties
are currently commercially available: vanadium redox flow batteries;imnc
flow batteries, and zinrbromine batteries. Variations such as ziran flow
batteries andchydrogenbromine flow batteries are also under development.

1 Thermal energy storagécludes icebased storage systems, hot and chilled water storage,
molten salt storage and rock storage technologiés.these systemsxeess thermal energig
collectedfor later use. Examplesncludestorage of solar energy for night heating; summer heat
for winter use; winter ice for space cooling in the summer; and electrigalherated heat or
coolingwhen electricity is less expensive, to be released in order ¢adawsing electricity when
the rates are higher.
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9 Electrical Storage Supercapacitors an@uiperconductingMagnetic Energy Sorage (SMES)
systemsstore electricityin electric and electromagnetic fieldgith minimal loss of energyA
few small SMES systems have become commercially available, mainly used for power quality
control in manufacturing plants sb@s microchip fabrication facilitiesThese technologies are
ideal for storing and releaddgh levels oénergy over short buts.

1 Chemical storageaypically utilizes electrolysief water to produce hydrogen as a storage
medium that can subsequently be converted to energy in various mpaesduding electricity
(via fuel cells or enginesg)s well asieat and transportation fuglpower-to-gas).

Each type of available energy storage syste®b)Has specific attributes. These factors must be
evaluated in order to choose the suitable technology for a specific purpicetele 1-1 provides a
comparison of different technical parameters, such as operating costs and technology maturity, as
well as practicakonsiderations such as space requirements and development and construction
periodsfor select BS.

The CGrate of the system is raimportant parameter that varies significantly between different
energy storage typesGrate is an inversemeasure of theate (ength oftime) over which a system
can provide its maximum rated poweiThe range ofdischarge duration itherefore directly linked

to the Crate. It is normally expressed iretms that look like 1C, 2C oR CFor instance, a system
with a Grate of 2Ccan supply all its stored energy in %2 hour while a system witinaaeGof C2(or
0.5C)can do the same in 2 hourSheefore, a system with digher C rate can discharge a higher
maximum powerthan a similarlysized systemvith comparable energy capagibut a lower C rate

In other words,systens with a higher Grate have a higher power to energy ratio High power
applications typically require systems with a highat@ and short discharge duration These
applications are particularly suitable féithium ion and advanced lead acid batteries, as well as
flywheels. Sodium based batteries and flow battereeswell as CAES and P&t& more suitable for
high energy and longer duration applicatiorGrate is typically not used for CAES and Pumped
Hydro becausethe duration of energy storage is not limited by the technology athécase of
electrochemical batteries, but is typically based on physical availability of storage capacity
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Energy Storage

System
Attributes

Round Trip Energyggrrgs 85-95% 70-80% 60-75% 60-80% 50-65% 70-80%
Efficiency (DEDC)

gﬁrgt(ieoﬁmscharge 2-6 Hours  .25c4+Hours 6-8 Hours 4-12Hours  .254Hours 4-10 Hours 6-20 Hours

C2cC6 4Cc C6 c6C8 c4c12 4GC4 N.A. N.A.

Cost range per
energy available in

Lead Acid
Batteries

. 100-300 400-1000 400600 5001000 10004000 >150 50-150
each full discharge
($/kWh)
B L 6 months- 6 months- 6 months- 6 months-
Construction 1-2years 3-10years 5-15years
. 1 year 1 year 1.5 year 1 year
Period
Operating Cost High Low Moderate Moderate Low Moderate Low
Estlm.atedSpace Large Small Moderate Moderate Small Moderate Large
Required
Cyclelife: # of 5000-
discharges of 5002000  2000-6000+ 30005000 8000+ 100,000 10,000+ 10,000+

stored energy

EILTE @ Mature Commercial  Commercial SE SE Moderate Mature
Technology moderate  moderate

Tablel-1: Parameters for Select Energy Storage Syst¢BSSY

As shown in the aboveablez (G KS & & a0 SYaQ espaNiillynSerms @ff initidl cagitdlS | G f & =
costs. Overall, the cost of energy storage is rapidgcliningwith scaling up of manufacturing and
lessons learnedfrom the early deploymentsThe cost of energy storage technologies have
significantly decreased in recent years, driven by the growth of battery manufactieriegnsumer
electronics, stationary applicationsand electric vehicles As battery costs contribute to
approximately 6675% of an energy storageroject (depending on the duration or energy capacity
required) capital cost reductions can drive energy storage project developiiektcording to IHS,
average lithiurdon battery prices have decreased over 50% between 2012 and,2&id are
expected to decrease over 50% again before 20¥dvanced lead acid systems ayically the
least expensivand have the mosprolific application worldwide even though they have lawer
cyclelife (less lifetimebased on the number of posde chargedischargecyclesof stored energy
before capacity significantly degrade®mpared to newer technologieslow batteries, in contrast,
may appear to be highegriced relative to other technologies due to their higher up front capital
cost. However they canhavea muchlonger cycldife (greater number otharges andlischargesn

0 KS & diktimé),Yaldtherefore do not need to be replacedsaquickly as other technologies.
Therefore 1 K SA NJ &t S @B toitio@Rte lifétinéoflia project)is lower. Accordingly a
levelized costmethod is often used to compare costs across different energy sources or
technologies.

Other critical factors ithe selection of energy storage technologies include space requiresaert
maturity oftechnology. With improvements in materials as well as system design, energy density of

®* DOEEPRI Energy Storage HandbamkdCustomized Energy SolutioAsalysis

14 Energy Storage Update, Lithition costs to fall by up to 50% within five years, July 30, 2016;
http://analysis.energystorageupdate.com/lithition-costsfall-50-within-five-years

15 IHS, Price Declines Expected to Broaden the Energy Storage Market, IHS Says, November 25, 2015;
http://press.ihs.com/presgeleasetechnology/pricedeclinesexpectedbroadenenergystoragemarketins-says
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most storage technologies is increasing and particularlpriibatteries are finding applications
where space anat weight is a critical consideration. In terms of mudty, Lead Acid batries have

been around for over 100 years and are very mature in terms of technology performance and
manufacturing. Llon batteries have also reached commercial maturity with multiple companies
setting upgigawatthour scale manufactting.

Figurel-3 depicts the steadily decreasing capital costk{®h-cycle) of certain storage technologies.
The depicted levelizedcost shown takes into account the total predicted cycle lifeor the
operational lifetime of the technologynd thus normalizes the capital cost over the entire lifetime
of the project.

$0.50

- | ead Acid
$0.45 - —am=Sodium Sulfur-

\ assLithium lon
$0.40 = lovr Battery

\ \ Compressed Air Energy Storage
$0.35 |

e ™

$0.30
$0.25

$0.20

$0.15

$0.10

Capital Cost / Cycle ($/kWh-cycle)

Hydro

$0.05

Pumped

$0.00 ‘ : ; 1
2010 2011 2012 2013 2014 2015 2016 2017 2018

SOURCE: Customized Energy Solutions

Figurel-3: Forecast of Estimate@apital Costs by Storage Technology and 'Ilf/pe

Costs are significantly decreasing for storagehnologiesand other storagesystem components
such as inverters or battery management systerheadacid batteries, such as car batteries, have a
limited lifetime of use and therefore have a high cost of lifetime eneigthiumion batteries have
the most significant expected decrease in cost, making tipetentially the least expensivef all
storage technologes (includingPHS)y the year 2018.GTM Researctorecastsa 40% decline ithe
cost of all thesecondarycomponents of astorage system (for example the inverters, wiring,
temperature regulation, and other equipment constituting the Bakrof Systery) excluding the
primary systemfor example, any ctocatedPV panels)n the next five yeard’

®Source Customized Energy Solutions and India Energy Storage Alinalysis.
" GTM ResearciGrid-Scale Energy Storage Balance of Systems-2028: Architectures, Costs amtayers January 2016;
http://www.greentechmedia.com/research/report/grigscaleenergystoragebalanceof-systems20152020
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Advanced gergy storage resources are capabledigpatching electricityithin seconds. Hectric

power gridoperatorsneed to keep the electric power system in balameactingrapidly to small
changes in load and deman&or example, when a wind plantgenerating more than is needed to
serve the loadan energy storageasourceOl y NB a LRy R (2 dispah semit®R 2 LIS NJ
absorb the extra electricity on the grid as opposed to curtaitjrmy shutting downg the renewable
resource. This provides a reliability benefit to the system operator, while also storany etergy

for future use. A storage resource can also be dispatched instantly to generate electricity on the grid
during a peak period where additional supply is needed, thus replacing the needtforl gasor

oil fired peaking generation. Additionally, many advanced energy storage technologies such as
batteries and flywheels can be dispatched to their full power nearly instantaneously. Unlike older
technologies like PHS, which require several minutes to ramp up, advanced storage can provide
secondby-second balance of fluctuations on the grid.

Many energy storage technologiese usedtoday by utilities and grid operatorsn commercial
operation throughout the worldproviding validation thathat they can perform 24 hours a day,
seven days a week. Testing and validating the performance of electrical equipment is a critical step
in the process to deploy technologies in the grithe US Department of Energy, for example, has
been providingindependent testing and validation of electrical energy storage systmboth a

small and large scale for many yetiveough its Energy Storage Prografh

Advanced energyterage projects are easier to site than mamaditional generation projectsOne
advantage is that these project® not produce direct air emissiongieaning they do not have to
complete significant modifications to comply with air quality standartiheir ability to store energy
is notreliant on natural resources, such as running water, natural gas infrastructuresuch as
pipelines As a resultthe permitting processs simpler for such projecend construction timeling
considerably reduced.

Another major benefit is thatadvanced energgtorage projects require a much smaller footprint

than conventional power plants. With impending power plant retirements in local load pockets,

building new power plants or transmission lines an extensive undertakingith large land
requirements Advanced gergy storage, in contrast, can easily be added to local areas to provide
IANAR adloAfAdes StAYAYyLFLGAy3d GKS ySSR F2NJ ySg 3l
reliability needs.

By.s. Departrant of Energy Resources, Energy Stordg#://enerqgy.gov/oe/services/technologylevelopment/energy
storage
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As previouslymentioned, alvancedenergy storage systemsiave very short construction peried
Once an order is placed to the factory, theergystorage project can be delivered within montgs

not yeas ¢ to the site. Figure1-4 illustrates siting, permitting and installation times for energy
storage compared to traditional generation and transmission lines.

Battary/Thermal Storage

Combustan Turbine [Peaker)

 Minimwm Teame

Transmission Line B fasamum Timea

Combined Cycle Gas

=
: I
P
L
f -
LA
@

Time in Years

Figurel-4: Energy Storage: Siting, Permitting, and Installation TirhgsResourc¥’

1.3.5 Energy Storage Modular in Design

Since e@ergy storage systems are often modular in desitre components to operate and
interconnect the storage mource are enclosed in simpt®ntainerized structure® ¢ KAAa alLX dz3
LI I @¢ O2y OSLIi YI 1Sa SstéNHEsing poive plangddlity Substadion,io2 f 2 OF (
at a consumer site (such as a house, a factory or a shopping center). The modular approach also
means thatincrementsof capacitycan be addeckasilyto increase the size of the projectThe

modules, or many storage cells, calso operate in parallel, providing redundancy and thus a stable

and continuouspower supply as seen irFigurel-5. The failure of one component willoh lead to

failure of the system.

®SourceStrategen
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Batt;ry Module (50kW)

The battery stack foa sodiumsulphur NaS)system. Each of the yellow containers is a single battelty Multiple cells
are packed together to produce a 50 kW stagk entire storage system consists of multiple stacks assembled tog
along with the appropriate thermal management system, battery management system and power condit
equipment. (Source: NGK Insulators)

Figurel-5: Components of a Battery Module

1.4 EnergyStorageApplications

Si 2 NI Bi§ue physital characteristicdescribed aboveenable itto perform multiple functions

on the electric grid and at the customer level, as diagramineldw in Figure1l-6. The ability to
store energy when there is no demand aaeploy energy when needed to serve lozah be applied

to all aspects of the energy systenn addition, storage systems can function like a power plant,
dispatchingelectricity. When renewable resources such as solar, wind or hydropower produce
excess energytorage can store it for later esreducing energy waste.
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Energy storage has potential applications across the entire electricity enterprise value chain

Figurel-6: Representation of the Diversity of Potential Storage Grid Locations (Source: EPRI)
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Use of eergy storageat the transmission level can assist planning, operatiang, reliability. By
providing flexibilityat locationswhere electricityis dispatched, transmission planning can be more
cost effective and efficientinstalling storage along transmission infrastructure can help manage the
flow of electricity by maintaining constant voltage and reducing overheatiBgergy storagean
ensure there issnoughelectricity in reserveand provide a quick responsethe sysem isnot in
balance.

Cenerators utilities, and customers cautilize storage tashift energy use fronhigh price periods by

chargng their systems during periods of low cosdit can supply electricity ihighlylocaized areas

that can help defer th need to upgrade existing generation or transmission infrastructurean

also be located directly at substations to store electricity until it is needed to service loads on
distribution lines. At the customer level, energy storage can provide baggkower for times when

the power grid goes dowandcan shiftSy SNEH& dzal 3S (2 NBRdzOS G(KS 0Odzal
also integrate with tke wholesaleelectricity market bydischarging storednergyduring periods

when there is not enough electricityeing generated to meet the demandlhe applications and

benefits ofstorage tothe Massachusetts energy system are described in greater detail in Chapter 2.

Although advanced storages often presented as a newget of technologiesthere are many
examples of energy storage projects that are in operation throughout the United States and around
the world.

According to theU.S.Department of Energy, there are alreadyore than400 MW of advanced
energy storage in operation in tHg.S.(SeeFigurel-7). In 2015 alone, there were 221 MW of new
deployments of energy storage in theSJanincrease of 243% over the installations in th& or
the year 2014° Massachusetts haalsoseen a growth in the interest in energy storage, with
MW of currently operational advanced storage adi@.5 MW announced or proposed for
development, anricrease oilmost 9M%.

AK Operational Energy Storage in the United States
33 MW.
= IL -
A 74 MW e
65 MW 27 MW
NV o3 S WV 5
72 MW 4 66 VgV
Technology
- X AL l:] Chemical
1 AZ ; 160 MW 110 MW D Mechanica
o RaR Il Therma
v 2! - J o
4 Rated Power
20 M\
® 2170 MW
i @ 1w
41 MW 1- One Solar Power Plant - 72 MW
2 - Solana Solar Generating Plant — 280 MW
3 - TAS Texas Cooperative — 90 MW
Credit: Strategen. DOE Global Energy Storage Database. Accessed 3/23/2016 - Mcintosh CAES Plant - 110 MW

Figurel-7: OperationalAdvanced Energy Storade the United States

20 Energy Storage Association & GTM Rededf.S. Energy Storage Monitor: 2015 Year in Rewtsrch9, 2016
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By 2020, therate of storage installations in th&.Sis estimated to grow tal.7 GWsof annual
deployments which equates to arannual market of $2.5 billion in 2020, according to tHeS.
Energy Storage Monitor: 2015 Year in Review and present&igime1-8 and Figure1-9.2* This
report alsoestimatesthat there will be over 4 GWs of instadlenergy storage in the.8 by 2020.

U.S. Annual Energy Storage Deployments Will Cross 1 GW in 2019, Reach 1.7 GW by 2020
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Figurel-8: GTM Research Estimate of Energy Storage Growth

U.S. Energy Storage Market to Reach $2.5 Billion by 2020, Sixfold Growth From 2015
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Figurel-9: GTM Research Estimate of Energy Storage Market

! Energy Storage Association & GTM Reseafc®. Energy Storage Monitor: 2015 Year in Rewtawch9, 2016
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TheGTMmarket outlookpredictssignificant growth in the U.S. markefth annual energy storage
deployments from 2012 to 202taling 4,445 MWof deployed storagén the U.Sby 2020(Figure
1-10).

Market Outlook (MW)
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Figure1-10: GTM Research Storage Market Outlook 2eA@20

Globally, the total of energy storage projects in 2016 amounts to almost 2 GWSs, not including
pumped hydro(seeFigure1-11). Energy storage deployments are growing around the world
particularlyin the United States, Spain, Germany, the O#hada, France and Jagan.

Operational Advanced Energy Storage Globally in
Megawatts, by commissioning year
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Figurel-11: Operational Advanced Energy Storage Globally ingdeatts, by Commissioninge\':’uz4

2 Energy Storage Association & GTM Rese&ich Energy Storage Monit@015 Year in Reviewlarch9, 2016

By.s. Department of Energy, DOE Global Energy Storage Database, Top 10 Countries, May 12, 2016;
http://www.energystorageexchange.org/projects/data_visualization
#3SourceDOE Global Energy Storage Databltech 23,2016: www.energystorageexchange.org
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1.5.1 Advanced Energy Storage Market3igte

Many states are now embracing energy storage as a solution for various reliability challenges facing
the electricgrid. Energy storage is often proving to be a viable solutiorchallenges from gwer

plant closures and renewable integratioas well asthe high cost, lengthytime, and onerous
permitting required to build new generation and transmissiorCompared to other states,
Massachusettss recognized as leader in energy efficiency and renewable energy polcy,
currentlystands23 with respect to theamount of storage either buithr planned (sedrigure1-12).

Energy Storage Deployment by State (in MWs)
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Figurel-12: Planned and Operational Energy Storage Deployment by Stfe

Byt t I yySRQ NBTSNAE {AanouteRCRrErértedior UndesdoBsRuctibivi theDDE Bl Energy
Storage Databasé& his excludes pumped storage.
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To date, the primary drivers for energy storage developnmationallyhave been a direct result of

1 Market rules that enable advanced energy storage technologies to sell wholesale market
services to the regional grid operatar in particular the MidAtlantic grid operator (known as
Gt Waé FyR GKS / FEAF2NYALF ANAR 2LISNI G2NJ 61y26Y
participation; and

9 State policies and programs to promote the use areVelopment of new energy storage
technologies in their state.

Many states have implemented programs and policies to realize the benefits of energy storage.
CALIFORNIA

Californiahas many programs in place to encourage the integration of energy storage both at the
customer level and at the grid level. In 2010, California enacted legislation, known as Assembly Bill
(AB) 2514. The legislation has evolved stite mandatedprocurenent requirements of 1325 MW

of energy storage by 2020. The legislation defined an energy storage system as commercially
available technology, and states that it can accomplish one or more of the following:

W Reduce emissions of greenhouse gases.

W Reduce demand for peak electrical generation.

w Defer or substitute for an investment in generation, transmission, or distribution assets.
W Improve the reliable operation of the electrical transmission or distribution grid.

From this mandated procuremen€California now has aompreheng/e state program aimed at
integratingwell over 1,000 MW of energy storage at the customer, distributicemd transmission
levels

California has mangther examples of programs and policies that have encouraged erstoggge
development. For exampl&outhern California Edison (SCE), an investor owned utility with 14
million customers, announced the procurement of 26AW of energy storage resources in
November 2014n part to mitigate the closing of the San Onofre leac plant The storage will
alleviate local reliability concerns in the Los Ang@asin identifiedoy the California Public Utilities
Commission (CRZ) in the Long Term ProcuremeRtanning proceedirf§ Once deployed, the
systems will provide a numbeif services to SCE's power grid, including ensuring adequate available
electrical capacity to meetliability requirements.

TEXAS

DOE Global Energy Storage Database. December 2@b5/www.energystorageexchange.org

#'PJM Interconnection LLC (PJM) is a regional transmission organization (RTO) in the United States. Ithe Eattefn
Interconnectionoperating an electric transmission system serving all or parts of Delaware, lllinois, Indiana, Kentucky,
Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia, and the District
of Columbia.

B0on February 13, 2013 the California Public Utilities Commission (CPUC) unanimously approved a long term procurement
decision ordering Southern California Edison (SCE) to procure between 1,400 and 1,800 megawatts of energy resource
capacity in the Los Antps basin to meet long term local capacity requirements by 2@¥lthis amount, 261 MW were
new storage resources.
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I O0O2NRAY3A (2 GKS ' YSNAOFY 2AYyR 9ySNHe& IMexas2 OAl (A
continues to lead thenation with over 17,700 MW fanstalledwind capacity, more thanwice the
AyaalrtftSR OFLI OAGe 27T Ityedefore, i Saliakfifitd el bedance @ y S NBH &
Gavyz22iKé GKS Ayl SadnanabieRsbirce® dzi LJdzi 2F G KS

The Duke Notres projectwhich began operation in early 2018 analyzing howhe integration of
energy storage can compensate for the inherent intermittency of this renewable power generation
resourcé’.

Figure1-13: Duke Notrees Storage Facility in Texas

NEW YORK

Consolidated Edison (ConEd) in New York recently proposedbazB@ million worth of non
traditional solutions through it8rooklyn Queens Demand Management Program (BQDM) to defer
the $1 billion substatiompgrade cost required to support growing urban load. The BQDM program
is a large portfolio of load reduction strategies, including energy storage, customer demand
management, and traditional utility upgrades. ConEd awarded a contract to install energgesin
Queens? which will add both capacity and flexibility to the utilities load management portfdlio.
The total BQDM program goal is to provide 52 MW of load reduction by 2018. The distributed
storage system is expected to provide 12 MWh of energy\{({L for 12 hours or 2 MW for 6 hours)

2u.s. Department of Energy, Duke Energy Business Services: Notrees Wind Storaustratom
Projecthttps://www.smartgrid.gov/files/OE0000195_DukeEnergy FactSheet.pdf

¥ The original petition, comments, final order approving and all progress reports on the Brooklyn Queen project can be
found here: http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterSeq=45800

%1 ConEd, Brooklyn Queens Demand Management Program, August 27, 2015;
https://www.coned.com/energyefficiency/pdf/BQDMrogramupdate-briefing08-27-2015final.pdf
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with construction beginning before the end 2016 The energy storage will serve as an additional
power source during the summer peak months when high energy demand results from air
conditioning and other appliancesa®

GThis is offsetting some of the megawatts needed so that all the customers can be serviced gven on
the hottest day when all the air conditioners are running, which is what th&fatklyn Queens
Demand Managemen{BQDN program is designed far / | NE fo, Quezns dDirdctir of
CorsolidatedEdison Public Affaiise

Background: Brooklyn / Queens without Load Relief

2014 2023

Substation or sub-transmission feeder loading as a function of their respective capabilities (%).

Figurel-14: Estimated Load Growth in Brooklyn and Queens, New Yorkstity

MID-ATLANTIBND NORTHEASTATES

PJM, the regional grid operator for the midlantic region covering 13 states and the District of
Columbia, is currently home to the majority tie operating gridconnected advanced energy
storage project capacity in the U.S., with almost 300 MW of b@seand flywheels installedThese
resources were attracted t€IM because changes tihe wholesale market rules removed barriers
to advanced energy storage projects by not only enabling full participaticadvanced storag@

the markets, but alsty valuing their high speed of response and accurate performance in providing
grid-balancing servicesSome examples of operating energy storage projects in PJM are below.

In 2011, AES Energy Storage, a subsidiagiobal power companiES Corporation, itedled the 32
a2 [ dz2NBf a2dzyit Ay 9y ShBE@& Mduit@nNindgiant in MRs2\Br@iniatd G ! 9 {

%2 conEd, BQDM Quarterly Expenditures and Program Report, Nov&®p2015;
http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefld={A2CA3BRBRB47C7?88DE6GS80FD3FCD47F}

33QNS, Con Ed hopes battery system will kemyth Queens charged all summettp://gns.com/story/2016/02/08/con
ed-hopesbattery-systemwill-keep-southrqueenschargedsummer/

% Consolidated Edison Company of New York, Inc., Brownsville Load Area Plan;E8880Q,3August 21, 2014;
http://www.bkreader.com/wpcontent/uploads/2016/02/FA6E854B7904E6A8BF261DDF62EABAE .. pdf
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provide fastresponse Frequency Regulation service to PJM and to hatpgearamping of the wind
plant.

Figurel-15: AES Laurel Mountain Energy Storage Project in West Virginia

In 2015, Invenergy, a developer, owner and operator of power generation and energy storage
facilities, installed the 31.5 MW Grand Ridge Energy Storage Projeof @Sy SNH& Qa4 DNJ y R
plant in lllinois toalsoprovide fastresponse Frequency Regulation service to PIM.

o
N
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Figurel-16: Invenergy Facility in Grand Ridge, lllinois
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OEnergy storage technology is tkdver bullet that helps resolve the variability in power demand,"
said Terry Boston, PJM president and CEO. "Combining wind and solar with storage provides the
greatest benefit to grid operations and has the potential to achieve the greatest econduoad éa

VERMONT

Vermont specifically addresses energy storage in their recently updated Comprehensive Energy Plan
T its key policy goak meeting 90% of its energy needs from renewable resources by 2050 (40% by
HNnopO @ ¢ K S r andote idiStribédted Réhdwalde nifkf generation resources combined
with the decreasingcosts of energy storage should drive increased opportunitiesnd incentives

1 for broader implementation of storage technologies.

Vermont isalso leading the wayn offering energy storage systems to the mass market. In
550SY0SN) HanmpX DNBSYy az2dzyiltAy t26SN yy2dzyOSR
storage system to residential customeBeployment of the systems into homes began in May 2016.

At the gridlevel, Vermont, again with Green Mountain Power, is demonstrating a 4 MW battery
energy storage system combined with 2 MW of photovoltaic solar generasquart of the Rutland
G9YySNBHe /AGe 2F GKS Cdzidz2NBé¢ LINRB2SOi

Figurel-17: Residential Application of Tesla Power Wall to 8eployed in Vermont

In summary, he storage industry is expanding both nationally and globally. Ersoggge is
currently a viable technology resourceand in commercial operatiorfor many different types of
applicationghroughout the world
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1.6 Opportunitiesfor Storage in Massachusetts

1.6.1 Projects in Massachusetts

The energy storage community is already active in Massachusetts and the New England region
SALISOALTte gAGK LI NI supekidilachdeiy instRidbliB ¥nd GuktiSgedde B A A 2 Yy Q

industry. Utilities, project developes and eneluse customers areager to integrate energy storage
into their businesss

Advanced energytarage projectdevelopment is already happening in Massachusettalbeit on a
smalkr scalethan many other statest totaling less than2 MW currently in operation. The
operational projects includ@early500k2 2 F Ff &g KSSt OF LI OAdGe i
Medical Centerwhere the flywheels provide emergency datacenter backup powdrere are 4
MW of battery storagenstallationsin Massachusettswith oneLIN2 2SO0 | 4 . WRa&
Framingham whichhas adopted a third party battery and energy magement platformand two
demonstration project by National Grid, arinvestor Owned Utility (IOU)Advanced storage has
seen a rapid increase in interest witharmy more projectsrecently proposed or announcethtaling
an additional capacity of ovel® MW and evenmore projectsannounced that have ydb finalize
their capacity.

MW
Total Operational Advanced Storage 14
X A Total Announced Advanced Storage 1.4
i Total Proposed Advanced Storage 8.1
{ O T8 Total 20.9
Wejol At {7 5 5 _fo|
- 23 %) v, 4" National Grid Non-
/. ool % . o Wires Alternative
f & ( \Ar = ¥ (Nantucket)
Holyoke Resiliency Facilities ) 0 Ice Thermal Storage
Electro-Chemical Storage Est. 2500 kW
Est. 983 kw
sparkPlug Power =% Massac husetts Storage Projects
Est. 60 kW 0 Status Estimated Capacity (kW)
- ——— 7 (e d o TBD 7
National Grid Distributed Energy Storage g [ Proposed . 6-39
§ystemspemonstration '(,_ Op::(ional o 40-250
Zinc Bromine Flow Battery Eversource Grid A ® 251-512
OB Modenization ® 513-983
Lithium-ion Battery @ 984 - 4000
Est. 3000 kW

Figurel-18: Advanced Storage in Massachuséits

While the deployed amounts to date are low in Massachusetspecially as compared to other
states there are plans underway to expand energy storage. Each dfitke |OUs in Massachusetts
considered energy storage in their Grid Modernization Plans (GMPs) submitted ito20&5DPU

o0 Eversource includes on¢osage project in its Short Term Investmplan (STIP) within
five yearst a distributionlevel energy storage project for renewable integration of
solar at a substation in the City of New Bed{dwhA.

o National Grid and Unitil include energy storagetlre research, development and
demonstration RD&L) portion of their GMPs over the next ten yearb. | G A 2 Y I f

2ai

2 K2t

DNX R

energy storage program will investigate the benefits provided by both large and small

*DOE Global Energy Storage databasg://www.energystorageexchange.or@nd Massachusetts Department of
Enegy Resources
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customer behind the meter installations, distributedosige programs to improve
power delivery, andhigh-densitycommunity energy storage.

The GMPs cite storage as a key strategic asset for the future of grid modernization. The plans will
create proving grounds for an array of energy storage systmdJseCass. Further discussion of
the Grid Modernization proceeding and the accompanying utility plans can be found in Chapter 2.

1.6.2 Storage is an Important Part of Massachusetts Clean Energy Economy

¢CKS /2YY2y46SIHtiKQa TNI YSg2 NJatioR &nd Intieaded ddoptia® df A O & =
clean energy technologies is well underwalhe Massachusetts framework involves governmental
RD&D funding, establishment of consensus and industry standards, incentive programs, and industry
programs and initiatives, adperating within the context of a competitive energy market place.

In 2015, the Massachusetts Clean Energy Center calculated how investments in clean energy
economic development have paid off for the Commonwealthhe following graphic shows the
financial impact on the Massachusetts econonBnergy storage can add this success by creating
jobsand bringing business to Massachusetts.

Clean Energy Contributions to State Economic Development

$11B t 6439 16W+

Figurel-19: Clean Energy Contributions t8tate Economic Developme?ﬁ

Energy storage is already a part of the existit@ssachusett€lean energy landscapdn January
2016, the Sudy Team for this report identified 67 organizations with officard local staffin
Massachusetts directly linked to energy storage in the areas of: project development, investment,
and research.Institutions such as the Massachusetts Institute of Technology)(MBloston College,
Fraunhaufer, and others have robust research facdlised teams in the region that contribute to
developing early stage staups. Companies sucls Ambri Inc. (an MIT spinout) hawemerged
either directly from these institutions or with their support and fundindEC Energy Solutigrane

of the largest suppliers of grid storageis based inMassachusetts General Electric, another
frontrunnerin the energy storage spaoeill soonbe moving its headquarters to Massachusetts.

% Massachusetts Clean Energy Center: 2015 Massachusetts Clean Energy Industrh®epantvw.masscec.com/2015
massachusettsleanenergyindustryreport
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This growing energy storage industry can expand on the success of the desgy endustry,
bringing in new business to Massachusetts and creating new jobs.

Massachusetts is a renowned leader for its policies promoting the implementation of energy
efficiency investmentsnd renewable power development These efforts, among others, seek to
further the deployment of distributed, clean energy resources for the benefit of the environment,
electricity ratepayers, andhe CommonwealtR & S Q2 Foficy @nakers have the ability to
consider energy storage in tlieongoing plans tensurethe provision of safe, reliable, clean, secure,
and cost effective enerdpr consumers

Investment decisions made today in transmission, geeration, and new technologies to meet

al &al OK dz&térin (eéoibmid, PelfaBily, and greerhouse gas (GHGYeduction goals, will
impact the Massachusett@customerand economyfor decades to come.The variety of storage
technologies and theirdiverse physical #ributes give storage a wideselection of possible
applications. In th next chapterwe will review how the benefits of storage systems can be applied
to Massachuset® Sy SNHe&. OKI ff Sy3Sa
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Ga2RSNYAT Ay3 GKS St SOGNRO aeaidSy sgAatt KS
energy needs includingaddressing climate change by integrating more energy from renewal
sources and enhancing efficiency from fenewable energy processes. Advances to th
electric grid must maintain a robust and resilient electricity delivery system, and energy sto
canplay a significant role in meeting these challenges by improving the operating capabilitig
the grid, lowering cost and ensuring high reliability, as well as deferring and reduc
infrastructure investments. Additionally, energy storage can be ingtntah for emergency
preparedness because of its ability to provide backup power as well as grid stabilizg
ASNDAOSa b

U.S. Department of Energy Whitepaper on Grid Energy Storage (Dec 2

¢KS al 44l OKdza S G & Q rfutp@cedehtdd ctiangd &nd dhalengeg iISUNiRgS v O A
the planned and at risketirement ofalmost10,000 megawatt$MW) of traditional baseload power

plants, a growing reliance on natural gas for electric generation, the use ofehigting oil
generation b meet winter peak demand, an increase in clean, but intermittent, variable generation
resources, such as wind and solar, and a transition to more consumers generating their own
electricity. These changes create challenges for enaotiyy makersand sysem operators, as well

as opportunities to employ new technologies, such as energy storage, to address these challenges.

The electricity systeroperateson a "justin-i A YSh o6 aA & b goweér KlanRIBgarkch A 2 v &
that arebased on reatime demand and the availability of transmission to deliveGéneration and

load must always be perfectly balanced to ensure high power quality and reliability to end
customers. Withpower plant retirements andhe rapidly growing amountsf variable wind and

solar generation now being deployed, guaranteeing this perfect balance is becaming
challenging.

Although there is no one solution, a suite of energy policies that include energy storage can address
these manychanges Massachudts is already a leader in energy efficiency investments, renewable
power development, and grid modernization planning. Energy storage eomapits these policies,
which benefit the Commonwealth, its electricity ratepayers, and the environment.

Opportunities for energy storage include the following:

1 Firming renewable energy. Wind and solar resources are increasimgmbers but are
O2YaAARSNBR GAYUSNNAGUSY(d NB&a2dzZNODS&é o ¢ KSNB
on the wind and the sun. Evensmall events, such as clouds blowing over a solar farm,
require the grid operator to quickly dispatch other generation, typically natural gas
generators, to make up the differencBnergy storage ca® S dzA SR (2 & FA NXE
renewable energy generatitherebyenhancing reliability and providing both economic and
environmental benefits.

1 Lowering electricity priceby enabling use ofow-cost energythat is storedduring offpeak
periodsto be used to serve load during more expensive peak periods.
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9 Avoidng or deferringthe need for transmissioline upgrades ifocally constrainedreas of
the state that have lost significant local generation resources.

1 Enabling utilities to reliably and cesffectively interconnect distributed energy resources,
particularly distributed solar, at their substations.

1 Increasinggrid resiliencyoy mitigating the impacts gfower outages due to severe weather
including diect and indirect economic impacts for residents, businesses and municipalities,
particularly for those with critical facilities.

1 Helping Massachusetts businesses and residents better manage their electricity use and
reduce electricity costdy using orsite storage

f {dzLILR2 NI AY3 GKS 3INRBSGK 2F (G(KS al aal OKdzaSdidaqQ
growth and job creation.

The followingchapter discusselow energy storage can be used to address Massachusetts energy
challenges to ensure a clean, affable, resilient energy future for the Commonwealth. In
subsequent chapters the study will review a detailed analysis of how much storage could be cost
STFTFSOGAODSt e dziAft Al SR o0& alaal OKdzaSitaqQ SySNHe ace

The BakeiPolito Administration is taking a balanced approach to address the energy challenges
facing the Commonwealth. Energy policy is focused on meeting three objectives:

1) Reducing and stabilizing the rising cost of energy for consumers

2) ContydzZAy3d GKS /2YY2ysSItaKQa O2 Y YcbrpVaSogwithi 2 | O
the Global Warming Solutions AGWSAJvhich requires greenhouse gas emissions
reductions of 25 percent by 2020 and 80 percent by 2050 over 1990 baseline levels, and

3) Ensuri@d | al ¥S3x NBfAF6otST FyR NBaAfASyd SySNBEe |
residents and businesses.

To meet these objectives the Bakieolito Administration is pursuing a balanced and diversified

SYSNHe LR2NIF2fA23 || aO2d8062 LI FGGSNE F LIINRIF OK GKI
A Hydroelectric power
A Solar and wind power
A New electric and gas transmission
A Energy Efficiency
A Energy storage and other grid innovations

Recognizing that energy storage can b&auable component of diversified energy portfolio for

the Commonwealth, in May 2015 the Bakeolito Administration launched the $10 million Energy
Storage Initiative to evaluate and demonstrate the benefits of deploying energy storage
technologies in Massachusetts. As pdrthe initiative, the Departmenof Energy Resources (DOER)
and the Massachusetts Clean Energy Center (MassCEC) parime@tiuct a study to analyze the
economic benefits and market opportunities for energy storage in the state, as well as examine
potential policies and programthat could be implemented tdetter support both energy storage
deployment and growthof the storage industry in Massachusetihe Energy Storage Initiative will
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assist Massachusetts policy makers in determining how bestiliae this resource. Energy storage

can be sgame changefor reliably and coseffectively moving towards the grid of the future.

dalaal OKdzaSitida oAttt O2yidAydzS G2 tSIR GKS
of innovative technologies sh as energy storage. These efforts, anudl legislative proposal t
bring additional hydroelectricity and other renewable resources into the region, will ensu
meet our ambitious greenhouse gas emission reduction targets while also creating a si
SO2y2Ye FT2NJ GKS /2YY2ys6SItaK®pE

-D2¢® . 1SNE D2OSNYy2NBHQ ! O0O2NR T2NJ |

22al aal OKdzaSdidaQ 9ySNHe /KIfftSy3aSa

2.2.1 System must be Sized to Peak Demand to Maintain Reliability

ELECTRICITY
Energy Storage

FOOD

Warehouses
Grocery stores
Freezers &
refrigerators

GASOLINE

Reservoirs Underground tanks Above-ground
Above-ground Above-ground tanks
tanks tanks Piping
Water bottles Tank trucks
Portable fuel tanks

NATURAL GAS

Depleted fields
Aquifers
Salt caverns
Pipelines
Above-ground tanks

Technologies

Currently less than
1% of daily
electricity
consumption for
MA

Storage capacity more than 10% of daily consumption

Figure2-1: Storage in Commodity Suppi@hains

Increasing the amount of storage capacity on the power grid has the potential to transform the way

we generate and consume electricity for the benefit of Massaelts ratepayers. As compared to
other commodities, the electricity market currently has the least amount of storage in its supply

chain. Other commaodities including food, water, gasoline, oil and natural gas, have storage capacity

to meet more than 10%f the daily consumption whereg§&igure2-1) storage currently makes up

less than 1% of daily electricity consumption in Massachusetts. Becaugdcijedravels at

approximately 1,800 miles per second, it is also the fastest supply chain, meaning that without
storage electricity needs to be produced, delivered and consumed nearly instantaneously for the

grid to stay in balance. This requires theatfic grid to have substantial infrastructure to maintain

reliability. All grid infrastructura including generation, transmission and distributionmust be

sized to manage the highest peak usage of the year, even though the amount of electricity needed
by consumers varies significantly both throughout the day and at different seasons of the year

(Figure2-2).
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Figure2-2: ISONE System Annual Hourly and Weekly Demand 2¥14

The need to size all grid infrastructure to the highest peak results in system inefficiencies,
underutilization of assets and high cost to ratepayé&igure2-3 showsthat energycostsare heavily
skewed to a few high cost houvghich have a significant impact of the total annual enempgt to
ratepayers Over the last three years from 20£3015, on average, the top 1% of hours in the year
(87 hours)accounted for 8% of Massachusetts ratepayers annual spend on electricity representing
$680 million. The top 10% of hours during these years, on averagejrdgedofor 40% of annual
electricity spend or over $3 billion in cost to ratepayers per year.

3" Source: ISOIE Hourly Load Data
% |bid.
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Hourly Energy Spend for MA Consumers
(Average 2013-2015)
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Figure2-3: Hourly Energy Spend for Massachusetts

Figure2-4 illustrates the cost disparity for a peak winter and summer day. In 2014, one summer
dayQa St SOGNR OA ($83/MW/A to $94/8\daN HirSoka 3FoNhdfease Peak electricity
costs ae even more pronounced during winter peaks because of natural gas consteaidts
coincident demand for heating and electric generati@n one winter day in 2014, energy costs
increased from $70/MWHduring the nightto over $700/MWhat evening peaka moe than a
1000% increase.

% Source: Department of Energy Resources aneNE®ricing Reportkitp://www.iso -
ne.com/isoexpress/web/reports/pricing
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Massachusetts Summer Peak Day 2014
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Figure2-4: Average Demand and Price Peaks fdP@akSummer and Winter Day in Massachusetts 2674

Until recently the ability to store electricity across the electric grid was limitednbutadvances in
new energy storage technologies, such as-gddle batteries, is making wigeale deployment of
electricity storage viable With advances in new ettric storage technologies, the need to size the

grid to peak can be transformed.

Energy storage is the only technology that can use energy generated during low cqmakff
periods to serve load during expensive peak periods, thereby improving thellowtliaation and

economics of the electric grigFigure2-5).

“0Source: Massachusetts Department of Energy Resources afdH $0icing Reportsitp://www.iso-

ne.com/isoexpress/web/reports/pricingftree/zone-info
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Figure2-5: Energy storage can usdf peak energy during times of high demand

2.2.2 Peak Demand is Growing

In 2015, the peak @mand for Massachusetts was 443 MW. Figure2-6 depicts the gnificant
impactthat energy efficiency has hawh reducing annual energy consumptidmyt also shows that
peak demand continues to grow at a rate of 1.5% per ye&s the peakcontinues torise,
Massachusetts and New England will havexpandthe capacity of the energy system despite little
or no increase in average loaBunding the required investments to meet this peai drive up
electricityprices.

Summer Peak (MW) Annual Energy (GWh)
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Figure2-6: While Energy Efficiency hasbreased Average Energy Consumption, Peak Continues to Grow

“*1|SONE,State ofthe Grid- 2016 January 26, 2016ittp://www.iso-ne.com/static
assets/documents/2016/01/20160126_presentation_2016stateoftheqgrid.pdf
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The peakto-average demand ratiovhichrepresents the difference between the peak demand and
the average of the total demands growing year over yedFigure2-7). Although many regional
electric systems are seeing an increase in geakverage demand ratio, no area has increased as

much as ISDIE? This change can be attributed to many factors including a shift from an industrial

commercial base to a servidimsed economy, a reduction in averagmergy uselue to increased
energy efficiency, and a greater use of climate control technologies likeriditioners that age

used depending on the weather.
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built even though they are needed only for a small amount of hours per {ear.

Figure2-7: Peakto-Average Demand Ratio lllustratioand ISGNE Annual Increasg9932012)f*
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According to the U.S. Energy Informatiddministration(EIA) peaker plants only operate 2%% of

the year Figure2-8).
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Figure2-8: Average Monthly Capacity Factdrs

“2EIA Peakto-average electricity demand ratio rising in New England and many other U.S. regions, February 18, 2014;
https://www.eia.gov/todayinenergy/detail.cfm?id=15051
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43 Currently thereare three natural gas peaker plants in these zones accounting for approximate potential 600 MW

capacity undergoing Massachusetts Environmental Protection Act (MEPA) review at the Executive Office of Energy and

Environmental Affairs (EEA).

“EIA, Peako-average electricity demand ratio rising in New England and many other U.S. regions, February 18, 2014;

https://www.eia.gov/todayinenergy/detail.cfm?id=15051
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Additionally, natural gapeaker plants tend to have some challenges:

Relatively low fuel efficiency creating high fuel cpsts

Relatively high air emissions (per kWh of energy generated), especially when not operated
optimally, and,

9 High cost to operate when required to startchgtop generabn.

1
1

LyadSFER 2F 3ISYySNIGAy3a StSOGNROAGE 6AGK yI GdzNT f
LINA OS&asx aidi2N)r3IS Oy 06S dzaSR (2 &LISI lpeakiekichsi ¢ 0@ ¢
to meet this demandStoragerequires no fuel, has no independent emissionsguires minimal
maintenanceandit can be dispatched quickl¥his reduces the costs associated with peak demand

and provides significant savings for Massachusetts ratepayers. If peak demand shiftdxsk and

reduced, new peaker plants could be avoided and the cost of serving that peak time would decrease.

In addition to the fundamental benefit of storagehich isbeing able to charge during leeost
times, most types ofstorage have other qualities that make ita competitive technology and
responsive to demand including

9 Startup is very quickféstresponse time)

1 Output can be varied rapidly

9 Can be operated at part load easily and efficiently

2.2.3 GeneratiorRetirementsare Creating aNeed for New Resources

The bluepins inFigure2-9 below delineate power plant retirementsfrom 20142019 resulting in
4,200 MW of capacity lost to the I9ME?® Recently announced retirements in Massachusetts
include the 1,535 MW coal and dited Brayton Point Station, and the 680 MW nucléaelled
Pilgrim Power Station. In addition to thekeown retirements, other generation is currently at risk
due toplant age and economics. These facilities, marked by the orange pkigune2-9, total an
additional 6,000 MW or more of capacity at risk to retiremefese facilities include the 1,100 MW
Canal Generating Plant, in service since 1968, which utilizes both oil and natural gas.

“SEIA Electric Power Monthly, Table 6.7.A. Capacity Factors for Utility Scale Generators Primarily Using Fossil Fuels, January
2013 January 201thttps://www.eia.gov/electricity/monthly/epm_table_grapher.cim?t=epmt_6_07 and Table 6.7.B.
Capacity Factorfor Utility Scale Generators Not Primarily Using Fossil Fuels, January&0i8y 2016
https://www.eia.gov/electricity/monthly/epm_table grapher.cim?t=epmt 6_ 03 Massachusetts Solar PV Capacity
from Massachusetts DOER, Calculation of Solar PV Capacity, Ractéwww.mass.gov/eea/energyutilities-clean
tech/renewableenergy/solar/rpssolarcarveout/current-statusof-the-rps-solarcarveout-program.html

“5|SONE, Status of NeRrice Retirement Requedtttp://www.iso-ne.com/marketsoperations/markets/forward

capacitymarket
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Figure2-9: Generation Retirements, illustrated by ISRE in Today's GriCIhaIIengeé7

In order to maintain grid reliability, IS®OE must develop new capacity to replace the above
mentioned retirements. Currently, the ISNE Interconnection Queue is dominated by new
intermediate and peakenatural gadfired and duel fuel generain (natural gas and oil¥or a total

of over 8,000 MW of fossil fudired capacity. The remaining capacity is mostly onshore wind
generation with some solar photovoltaic (PV) generation (8gere2-10¢ by Fuel Type).

Biomass/Wood ydro
Waste 0.7%

Battery

Storage

0.7% \0_3% Landfill Gas Baseload

0.0% 0.8%

Solar
4.3%

¢-

New Capacity by Fuel Type New Capacity by Supply Type

Figure2-10: All Proposed Generation to ISO Generator Interconnection Qtféue

“"ISONE Regional Energy Outlookittp://www.iso-ne.com/about/regionalelectricity-outlook/grid-in-transition
opportunitiesand-challenges/poweiplant-retirements
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In 2015 alone, ISME added over ,800 MW* of natural gas plants targeted for development in
Massachusetts to the interconnection quetleThese natural gas and duel fuel facilities are
considered either intermediate or peaker resources (Begire2-10¢ by Supply Type

Some areas in New England require more capacity because of high demand from dense population
Figure2-11 A f f dZAaGNJ 6Sa bSg 9yl Massaehasatts, R8ystoi aridthef 2 | R @
Southeasternareas are import constrained zones in which the retirBrgyton Point and Pilgrim

plants are locatedPeakdemand is genally met by local generation instead of importing energy

from outside the zone.Currently there are three natural gas peaker plants in these zones
accounting for approximate potential 600 MW capacity undergoing Massachusetts Environmental
ProtectionAct (MEPA) review at the Executive Office of Energy and Environmental Affairs (EEA).

The retirement of zer& YA da A2y ydzOf SFNJ ISYySNI A2y OKIFftfSy3as
St SOGNRO aSOiG2NI SYAaaA2Yy&ad t AfeBtNBRMSSE fré@lbutdf i©®A G & X |
capacity is replaced by natural gas capacity, emissions for the Commonwealth will increase.

Energy storage deploymerttan assist ISNE in meeting local sourcing requirements within a

capacity zone. Utilizing storage systewi¢hin areas of high demand can help mitigate peak price

spikes by discharging stored energy arah help meet local demand without requiring additional

energy importslmport constraints contributed to elevated forward reserve pricing in the northeast
Massachusetts/Boston (NEMA) reserve zone for the summer 2015 periodransmission

constraints can also contribute to the #tonomic operation of generation resources. 1SP
compensategenerators that are uneconomically dispatcheith payments called NeCommitment

t SNA2R / 2YLISyal dAaz2y ob/t/ 0 2N WdzLX AFIQ LI &YSyida
costs in New England over the 12 months ending December 2015 amounted to more than $118
million, of which Massachusetts ratepaygraid $54 million®* This represents the uaconomic, or

G20 SNAGZE 2LISNI GA2y 2F 3IASYSNIiI2NARI @gKAOK OFy
ratepayers. Strategically deployed energy storage can play a valuable role within import constrained

zones such as NEMA/Bos and SEMAsoutheast Massachuseti®I as these regions experience

some of the highest energy costs in the region, resulting ultimately in lowered energy costs to
ratepayers.

“8\Vamsi Chadalavada, NEPOOL Participants Committee Report, March t204éww.iso-ne.com/static
assets/documents/2016/03/marcR016-coo-report.pdf

49 ISONE Interconnection Request Queue 04-16, ISO New Englanicttp://iso -ne.com/static
assets/documents/2014/09/interconnection_requesfueue.xls

0 Nontprice Retirement Requests (NPRs) are one of the mechanisms that Forward Capacity Market (FCM) Participants can
use to exit the FCM\PRs are irrevocable requests to retire all or a portion of a resource from the FCM and all other
markets alministered by the 1SO.

*L Forward reserve clearing prices for NEMA for this past summer (2015) were 2.4 times greater than the clearing prices for
reserves in the reset of the system ($14/kvid versus $5.83/kWno).

*2|SONE NEPOOL Participants Committee Report, March 4, 2016March 2016 COO report, $litke/A8yvw.iso-
ne.com/staticassets/documents/2016/03/marcR016-coo-report.pdf
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Advanced storage projects typically require a much smaller footprint and shorter construction
timeline than conventional generation; gridscale energy storage project can be constructed within
months, not yearsThe modular desigof storage resources means that the projects can be sized to

any level. Increments of capacity can easiyb@ RS R (2 Ay ONBI &S GKS aAil
FYR LIl e&¢ O2yOSLIi 2F yS¢g aiad2Nr3IS (SOKy2We2 3AS

plant, a utility substation, or at a consumer site (such as a house, a factory or a shopping center).

Massachusetts
Peaker Plant
Development

Figure2-11: Load Distribution within New EnglandRepresentative Summer Pezk

There are two versions of storage installations that can be used as a peaker resource:

1. Bulk/centralfacilities which are comprised of one largévanced storagplant connected to
the transmissiorgrid. Bulk energystorage resources that can help with ntieg the system
peaking capacity needs are most likely to involve mediantong duration technologies,
such as a flow battésor longer duration lithium ion batteries.

2. Modular/distributed storage systems which are located near or within load centers
connected to the distribution system either at substations or behind customer meters.

*% Source1SONew England
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Energy Storage to Replace Retiring Generation in California
In 2013, Los Angeles, California and Orange County lost (2@ MW of generation capacity with
the SanOnofre Nuclear Generating Station (SONGS) closure, leaving the resonstmined ared
in need of additional generation capacity. The California Public Utilities Commission (CPUC)
authorized Southern California Edison (SCE) and San Diego Gas and EIRG&E) to procure up to
2,500 MW of new generation capacity. In November 2014, SCE announced procurement of a
combination of new generation capacity to replace the nuclear plant that includedMA&/1of
energy storage resources in conjunction with new urat gas generation and new renewahle
generation. By procuring storage, the LA region was able to utilize renewable generation and less
natural gas generation to replace the closing nuclear plant.

Storage can benefithe system by minimizing the amount generation that is odine at minimum

load when demand is low. Generators are oftalled to operateat minimumloadto be ready and
capable to ramp up to serve during higher load periods because fossil generation cannot turn on and
off quickly. Thisyipe of operationincreases emissions and costs from these plants. During periods
of low demand, there can be excess energy on the grid due to conventional resources béirg on
and sitting at their minimum load. Energy storage resoucoesd store tlis excesenergy for times

when demand increasedlsing energy storage in this way could also even reduce the amount of
conventional generation that is needed to come on to minimum load, thus reducing overall costs on
the system.

Energy storage can facilitatend enhancethe use of new and existing intermittent renewable
generation(i 2 NB LI I OS al dal OKdza Si gedaefationy R bS¢g 9y 3IAfl yRQA

Presently, drge utilityscaled renewable generation facilities raise two main challenges for the
Massachusetts market: (1) generation supply does not always match the time of demand and (2)
unpredictable intermittence. For example, large scaleshore wind facilitis are capable of
producing a large quantity of energy but oftenostly at night when the wind is strongesThis
generation supply often does not coincide with the time of greatest energy use, during the day and
early eveningSolaris generatingduring the day butnot duringevening peak This can be seen in
Figure 2-12 which shows that solar and wind generation does not match in time with energy
demand. This creates a gap where additional energy is required. This gap can be met with either
traditional fosdi fuel generation or energy storag&torage technologies can store the energy
generated at times of low demand and act as the renewable powercsoduring periods of high
demand, firming the renewable resource.

SUB HOURLY TOTAL MA DEMAND, SOLAR, WIND

\

|-

) [|l L

5

Figure2-12: Renewable Generation and Demand

SOLAR + DEMAND + WIND —
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Storage can help prevent situations where inflexible wind swoldrgeneration exceed demand and

create balancing issueBor example, on Sunday afternoons in spring when there is low deraadd

there may be excess solar generatioTherealso have been instances where wind generation at
YAIKG FYyR a2tFNJ 3SYSNI A2y O2yGNARodziS (2 ayS3l
demand andhe output from the online generation cannot benmediatelyreduced”. This situation

also createsvoltage drops (or voltage instability) along transmission lines, especially longer lines.

When this occurs, ISNE experiences a minimum generation emergency (MGE) raqdires

generators to operate at theiemergencyminimum dispatch levelswhich creates uneconomic

WdzLX AFGQ O2adta G2 NIGSLI &@SNA

Storage could help avoid the triggering of an MGE by storing excess generatiomefiemable
resourceswhen generation is higher than demanth some situations, energy stge could even

receive payment to charge when prices become negativebl®0 K|l & a2dzZa3Kid G2 I RRN.
f2F R LINRBOf SY (KN dz3 Kconkinuetl Sfiars th seduiierall gene@®ra to bey Of dzR A
dispatchable or flexibldn 2016,/[SONE wil implement ruleghat will require intermittent wind and

hydro resources to become, essentially, dispatchable. These efforts shouldalelate some
problems,but are not expected to fully mitigate thissues The addition of storagenhancing the

ability of inflexible resources such as wirghd solarbecome more dispatchable could help

renewable generators comply with IS\ rules.

Typical Solar Output

4000 T
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3200 T
2800 T
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1200 T
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400 T

Generation (kW)

6:00 13:00 20:00

Hours in a Day
Figure2-13: Solar generation can have variable output becawusfecloud cover or other weather

The growth of intermittent variable wind and solar generation has increased the challenge for grid
operators to reliably balance supply and demaRor example, @newable resourcesuch as solar
generationmay change output frguentlyand unpredictablyhroughout the daydue to cloud cover

According tahe ISONEState of the Grid 2016report, fast and flexible resources will be needed to
ot yOS AydSNNAGGSyY (WihBcraazbliafdessting reNdwable teSouréeslzii LIdzi
canmanage their inherent intermittenceand be more agile resources

Another service terage can providas Frequency Regulation, an ancillary services product ithat
used to reconcile momentary differences causedibgtuations in generation and load¥he need
for Frequency Regulation increases with greater renewable penetratiom to the associated

5 Negative energy prices occur with some frequency particularly in northern New England where there are sizable
amounts of nordispatchable generation (e.g. wind) that is export constrained.
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variability caused bNB y' S 4 lindefm&ténDoutput. In order to managerequencyRegulation,
ISONE requires an\ailable capacity ofrequencyRegulation resourcesAdvanced storage is an

ideal technology forFrequency Regulation because it can quickly and accurately respond to
instantaneous load requirementas compared to a slow ramping generatas,seen irrigure2-14.
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Storage technologies have been participating in theNEBrequencyRegulation market as aingle

Slow ramping Fast response
Generator Flywheel Energy Storage

Figure2-14: Energy storage can respond quickly to frequemegulation

55,56

marketdedicated technology With renewable resources growing in New England, and the
associated variability caused by their intermittent output increasing;dSDR&quencyRegulation
market has grown by about 15% in the last ydesm an average of 60 MW per hour to an average
of 70 MW per hourAs renewable resources grow tlreequencyRegulation marketis expected to
continue togrow. In December 2010, I9CE released the final report of its New England Wind
Integration Study’ The study assessed a number of growth scenariowifod in New England up to
year 2020, and the potential imgcts on the IS@IE power gridThe study identified a need for an
increase in theRegulation requirement even in the lowest wind penetration scenario (2.5% wind
energy, ~1,100 MW), and the requiremt would have noticeable increases for higher penetration
levels. For examplethis regulation requirement increases to 161 MW in the 9% wind energy
scenario (~ 4,000 MW of wind), and to as high as 313 MW in the 20% scenariog@@000 MW)
(seeFigure2-15).

%% Left: Brendan Kirby Ancillaryi8ies: Technical and Commercial Insights July 2007,
http://www.consultkirby.com/files/Ancillary Services Technical And _Commercial InsigtEXT .pdf

*Right: Beacon Power.

ACAYIlIf wWSLRNIY bS¢ 9y3It |hiR/udghyiRp-LYy G§SANI GAZY
content/uploads/2013/01/newis_report.pdf
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Figure2-15: Duration curve of estimated hourly regulation requirements for load and selected wind scendtios

2.3.1 Capacity Market anenewable Integration

Storage can also help intermittent renewable resources reduce their exposure 4o 85GPay for

Performancé Capacity program, a program that penalizes capacity resodiocdseingunavailable

during reliability events.The market rules take effecsaf June 2018 Under this programduring

periods when IS@QIE is experiencing reserve shortages (insufficient generation to meet demand plus
reserve margins), resourcasith awarded capacity supply obligations through tfeH Q& ¥ 2 N» | NR
capacity market will be required to provide every bit of energy and/or reserves to cover the capacity

supply obligation. Failure to do so will result in the resource owner incurring significant financial
penalties. During a shortage event, generator stands to lose the gross revenue earned over an

average of 50 hours of operation for each hour that it fails to provide sufficient energy and/or
reserves to the 1ISO

Payfor-Performance penalty provisions increaiee cost of nonperformance 6 all generatorghat

are participating in ISONE's forward capacity market, but presentnore pronounced risto owners

of intermittent renewableresources. Although significant strides have been made in improving solar
and wind forecast tools and teclpuies, without the benefit of energy storage, intermittent resource
owners will have very limited ability to hedge their exposure to such penaftiédding energy
storage to a renewable portfolican contribute to lowering oveall capacity market costs, hich
ultimately trickles down to the ratepayer.

2.4 Emissions Reductions

The pairingofSY SNEH& &ai2N} 3S gA0GK al dal OKdzaSiiaQ NByYySgl o
emissions reduction goals while also providing additional energy cap&iitgeenergy storage has

BISGb 9T GCAYFf wSLERNIY bSg 9y3If lhdfudghy/Rp-LYy G§SINI A2y {GdzReé s
content/uploads/2013/01/newis_report.pdf
% |ISONE does provide a mechanism for resources to trade their performance obligation bilaterally under certain
conditions, to mitigate the risk of incurring a pfor-performance penalty. However, it is unlikely that such trades would
provide much financigprotection to the intermittent generator as the cost to trade the obligation will likely
approximate the total cost of likely penalties.
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zero independent emissions, integration of storage technologies can be done without sacrificing the
0SYySTFAlL 2F NBySsloftS SySNHe@ ¢ % thiugeNFeheygdstoiiage (i K S
can adjust the C{emission rate of electricity generation. Because the energy released by storage
technologies reflects the energy used to charge the technology, the emissions of renewable
generation plus storage remains zero.

Energy storage caaiso reduce emission bydreasingoveral generation efficiency of existing fossil
fuel generatorsFossil fuefjenerationaccounts for approximately 54% of the existgenerationin
ISONE. Natural gas is the primary fuel at 48% while oil and coal account for 6%gse2-16).%*
Storage can helwith system operations so that conventional generators operate more efficiently,
decreasing the fossil fuel burned, and therefoeducing the associated emissioB¢orage can also
reducethe overall energy systemmissiondy reducing the timeil and coabenerators are utilized
to meet peak demangdparticularly in winter

Generation for ISO-NE 2015

Figure2-16: Generation Mix by Fuel Type for ISTE, 2015

Additionally, utilizing storage technologies catuce emissions bgvoidng ramping up and down
natural gas facilities traditionally used to balance load and demandtudyby Carnegie Mellon
estimated that 20% of the G@mission reduction and up to 100% of the ;}Ngnission reduction
expected from introducing wind and solar power will be lost because of the additional ramping
requirements these resources impose on traditibmgeneration®? Storage provides the ramping
capability to integrate renewables into the electric grid without consuming additional fossil fuels.

9 EPA. Clean Power Plarttps://www.epa.gov/cleanpowerplan

®119D-NE, Resource Mikttp://www.iso-ne.com/about/keystats/resourcemix
2 Katzenstein, W., and Jay Apt., Air Emissions Due To Wind and SolarBowenmental Science & Technolog®09,
43, 253258; (http://pubs.acs.org/doi/pdf/10.1021/es801437t
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The transmission system is designed, built, and operated so that generation can reach the load
without risking overloading failures to the generation and transmission equipment. With more
renewablesintegrated onto the systenand major power plant retiremnts, combined withsevere
weather conditions, the transmission system is often stressedraqdiresupgrades. For example,
renewable generation projects connected to the grid in more remote locations can often experience
bottlenecks that prevent delivgrof that energy to where it is needed magéat the load centers in

urban areas. Uneconomic utilization of generators and the transmission infrastructure ultimately
puts heavy stress on the substations and power lines which can result in the need &l curt
scheduled generation and make costly upgrades.

Energy storage can be a lower cost alternatisetransmission infrastructure investmentften

Ol f t S Rwires alteyidtiwg ¢  apjlidation is especially compelling becattse benefitscan be

quite significant. Asmall amount of storage can: dg¢lay the need for a significant replacement
FYRKk2NJ I dafdzYLX¥ | RRAGAZ2Y 27F ¢ NI yahwdudeddadingon YR 5 A
SEAAGAY 3T SljidA LISy (G adzO kxtedidéd. Bor ekdmPle, &rljumiraddyis ¢iei Qa f A
transmission system may be needed to transport electricity to meet a peak load which only occurs

for a limited amount of hours in the year. Instead of building new transmission, energy storage can
modify the peakoad by charging during ngmeak hours, and discharging during the peak period.

In Massachusetts, the best example of this saire alternative planning is on the geographically
isolated Nantucket Island. Nantucket is served by two undersea cablesndirtiie power supply
GKFG GKS Aaf I yRQAEnN aodtignbdzYiS\NBY | @ | yD NRGRASIE & d2 | R T2 NS (
island will see a large growth of peak demand in the near futtifraditionally a utility would
consider the construction of an adiinal, and costly, undersea cable to increase reliability both for

the peak demand increase and emergency contingency. Instead, Massachusetts Electric Company
and Nantucket Electric Company, doing business as National Grid, have recently submitted a
proposal to the Massachusetts Department of Public Utilities (DPU) that is currently under review for

a nonwire alternative pilot costing approximately $20.6M, which includgsrage and other
technologies By addressing K S L 6 ¢hafiéhged with a cosiffective strategy, National Grid
expectsratepayers will savapproximately $23.6 milliomy deferring the cost of traditional grid
updates by seven yeaf$.

As in the wholesale electric power system, the distribution systamt also be managed to balance
supply and demand. With a complicated network of distribution lingisties must ensure that the
varyingvoltage and load requirementre operated reliably.Energy must be quickly dispatched to
specific areas in respse to small and immediate changes in demaodensure there are not
overloads,reverse power flow, ground faultin@f a wire touches the ground or other grounded
object like a tree branchor a voltage drop or surge.

The electric utilities are requiredybthe DPU andNorth American Electric Reliability Corporation
(NERCIp maintain specific reliability standards. The DPU oversees the activities and performance of

% Massachusetts Electric Company and Nantucket Electric Company, each d/b/a National Grid, ED@dPétfion of
Massachusett&lectric Company and Nantucket Electric Company d/b/a National Grid for Approval-oY¥ikeEmn
Alternative Pilot, and of Nok\Vires Alternative Provision; Initial Filing, pg. 2 (January 11, 2016).

% |bid. Pending approval at DPU.
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the InvestorOwned Utilities (I0U), i.e. National Grid, Eversource, and Unitil. The DRivs#slities

include ensuring reliable service and the lowest possible cost, protecting public safety, and
protecting ratepayer rights® Regulators commonly use metrics to measure and quantify customer
reliability for each utility to ensure that servidedz t AG& 6da{vév 3IdZARSEAYySa |
shifted its SQ goals from preventing degradation of service to a goal of improving service based on
historic performance metric¥ DPU has cited the increased access to cost effective modern
technology as aeason they expect metrics to show an improvement in service quialifpe two

most common metrics are SAIDI (System Average Interruption Duration Index), which measures the
average outage duration, and SAIFI (System Average Interruption Frequency Wwidetneasures

the average number of interruptions per customer, regardless of duration. Combined these two
metrics provide a sense of both severity and frequency of customer outages. Overall, since the SQ
guidelines were first implemented in 2002, therashbeen a significant improvement, especially in

SAIDFP® Over the last 5 years, reliability metrics have shown utilities have maintained a fairly
constant level of reliability with some utilities becoming more reliable (as showfigare 2-17

below). Utilities may face penalty payments if service quality standards are not met. Penalty

LI 2YSyida INB oFaSR 2y YdzZ GALX S YSGNROA AgdOf dzRA Y =
to a statewide average of aggregated historical data from 1.2962°97°

% n order to fulfil theirresponsibility to ensure reliable distribution service, the DPU requires the I0Us to submit an
Annual Reliability Report (ARB).T.E. 98384/EFSB 98 (2003);
http://webl.env.state.ma.us/DPU/FileRoomAPI/api/Attachments/Get/?path-8d862f88order.pdt These reliability
NBLIZ2NIa Ydzad AyOfdzRS LISIF]1 RSYFYR T2NBOlada F2N 6KS RA&GNR
planning process, powélows and voltages under normal and emergency conditions, a list of critical loads, and any
planned significant reliability and infrastructure improvement projeRsliability projects can include tree and
vegetation management plans, infrastructure répand replacements,rad load management technologies.
“DPU. 1MHANOL GhNRSNI ! R2LIGAY3I wSOAASR { SNBAOS vdzZ t Aé DdzA RSt Ay
http://www.mass.gov/eea/docs/dpu/12120corder. pdf
®7 |bid. Page 15.
®BpPU. 1220/ = GhNRSNJ ! R2LIGAY3I wSOAASR { SNDPAOS vdzZ f Adé@ DAZARSE Ay
http://www.mass.gov/eea/docs/dpu/12120corder.pdf
®TheF2 N dzt I F2NJ OF t Odzft FGAy3 | LISylrtde Aa AyOtdRSR Ay GKS {v
LISNODSyYy(d 2F !yydzZdft ¢NIyavYAaaarzy | yR 5AiadNRRUzIZA20G OrdeS @Sy dzS &
pg. 44
®pDPU.1220/ = 4! GhGFOKYSYyd 'Y {SNBAOS vdzZtAdGe DdARStAySaszé 58508)
http://www.mass.qgov/eea/docs/dpu/12120corderata.pdf
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SAIDI for Massachsuetts Utilities (2010-2015)
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Figure2-17: Reliability Metrics (SAIDI/SAIFI) for Massachusetts Utilities (22005)*

Utilities can use storage within the distribution network to meet required reliability metrics by
dispatching and storing energy rapidly in response to load balance changes, therefore avoiding the
challenges that can create outages or poor power quality.

Maintaining thisreliability andpower quality requires utilities taiphold constant voltage within

proper limits by utilizing reactive power, measured in sattpere reactive or VAR. Traditionally,
utilities regulate voltage and reactive power (vWlAR)within these specified limits by tap changing
regulators at the distribution substation and by switching capacitors to follow load changes. This is
especially important on long, radial lines where a large load such as an arc welder or a residential PV
sysem may be causing unacceptable voltage excursions, i.e. power quality issues for neighbouring
customers.

Energy storage can provide voltage support as an alternaiivén conjunction withVolt Var
Optimization (VVO). VVO areew data communication dews and they can automatically
coordinate distribution level devices to more efficiently operate and reduce line losses. Utilities are
currently considering VVO technologies to cost effectively reduce line losses. Voltage fluctuations
can be effectively daped with minmal draw of real power from an energjorage system and such
services can be offered by installed storage systems. The concept is illustrated bEiguré2-18.

™ Investigation by the Departmentof Pudli ! G Af AGASa Ayid2z SIOK 9t SOGNRO /2YLI yeQa
pursuant to Service Quality Standards for Electric Distribution Companies and Local Gas Distribution Companies, D.T.E.
04-116-B (2006) and D.T.E.-046-C (2007). (D.P.U.85310;D.P.U. 16Q11; D.P.U. 16Q12; D.P.U. 156Q13;
D.P.U. 165Q14)
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Figure2-18: lllustration of voltage support for improving power qualifﬁ

Major storm events often create a large number of concentrapesver outages that cannot be
predicted or prevented by utility reliability management plans. Therefore, these outages are
generally not captured in utility reliability statistics. Despite their unpredictable nature, major storm
events will certainly continue toccur at great cost to both utilities and their electricity customers.
Utilities may face penalty payments for poor storm recovery response. In December of 2012, the
DPU found that National Grid, NSTAR, and Western Massachusetts Electric Company (iaiMECo)

in their public safety obligation in their responses to Tropical Storm Irene and the October 2011
snowstorm’® The utilities were fined $18.725 million, $4.075 million, and $2 million, respectively,
based on poor response and coordination with muratipfficiak around downed wires.

In addition to any utility investments and penalties, outages also create significant costs for
Massachusetts residents and businesses. Nationally, outages are estimated to have an annual cost of
$30-130 billion!* Estimating outage costs is highly variable as they affect multiple types of
customers, small residents to large industries, at different times for different durations. As utilities
have limited liability for outages, electric customers generally beabthiden of these costs.

Resiliency is an evolving need for the electric grid that was catalysed by the occurrence of
Superstorm Sandya watershed industry event in regards to system plannirttge Edison Electric

Institute, a representative body of all thavestorowned utilities (IOUs), released a report in 2012
investigating grid reliability in the context of underground transmission and distribution lines. This

report showed the number storm events causing major system incidents have been incré&sing.
Massachusetts, although the number of days with weather events has decreased, the severity of the
weather events has increased. For example, 2011 was one of the worst years for major outages with

the January 2011 Blizzard, Hurricane Irene on Augustri®B) KS Hnamm | F £ £ 26SSy b2 NI
having only 52 days with weather events, as showRigure2-19."

2 Source: DOE/EPRI/NRECA 2013 Electricity Storage Handblydk013;
http://www.sandia.gov/ess/publications/SANID135131.pdf

Br2YY2ysSttGK 2F alaal OKdzaSdda 5SLI NI YSy PubkcUtilitieszmpose® | G A€ A
$248mMhf t A2y Ay tSylFLtaGASa F2NI ! GAtAGASEAQ wnwm {G2N¥Y wSalLkRyas
http://www.mass.gov/eea/docs/dpu/news/pidpu-storm-decisions12-11-2012. pdf

MONYSalG hNIFYR2 [FoNByOS .SNJIStSe bldAaz2ylf [ 62NFG2NES 4! yi
Electricity Cg & dzY SNA X ¢ { S hilisS/and.SHNibvisirestati/Mes/BEPORT%20Ibnl%22055718.pdf

® Out of Sight, Out of Mind 2012: An Updated Study on the Undergroundingesh€ad Power Lingganuary 2013
prepared by Kenneth, L. Hall, P.E. of Hall Energy Consulting, Inc. for Edison Electric
Institute, page 10;
http://www.eei.org/issuesandpolicy/electricreliability/undergrounding/documents/undergroundreport. pdf

"® National Ocean and Atmospheric Administration Storm Events Datatbeise//{yww.ncdc.noaa.goystormevents))
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Major (5% or greater) OQutages in Massachusetts
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Figure2-19: Major Outages and Major Storm Events in Massachusetts (:2973)’

{G2NF3S RAAGNAROMzSR | ONRP&aa GKS alaal OKdzaSdda dz
resiliency in storm events.Resiliency initiatives such as the Community Clean Energy Resiliency
Initiative by the Massachusetts DOER will also furthéredmarket growth of energy storage for

resiliency

" Massachusetts Department of Energy Resources and Department of Public Utilities, Emergency Response Plans, Dockets
14-ERFO8 through 14ERP11
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Thisbnn YAfEA2Y AYAGAIFIGAGS Ada LINI 2F GKS [/ 2YY2y5¢
efforts. It is a grant program focused on municipal resilience that uses clean energy technology
solutions to protect communities from interruptions in energy services due to severe climate events

made worse by the effects of climate change. The projectsrdaived funding were analyzesohd

an estimatewas madeof the likely energy storage deploymefrom the grant

For example, Sterling Municipal Light Department is conducting an energy storage pilot project
focused on resiliency at a police and dispatch station located in the town of Sterling. The storage
system will provide backup power during a blagkdue to major storms or other events. Paired
with a nearby 3.2 MW solar array, the storage system could sustain backup power to the station for
a significant period of time. During namitical events, the storage system could be utilized for peak
loadreduction and other grid services.

Storage technologies can also replace fossil fuel burning-lpagsower generators, reducing fuel
costs while also reducing greenhouse gas emissidnsording to IS@QIE and the EPA, there are
~421 Reallime Emergency Geration (RTEG)nits registered in Massachusetts, which add up to
404 MW of emergency generating capachylhe stationary generator market is set to grow by a
compound annual growth rat¢CAGR) of 3% from 2015 to 2019. Assuming that battery cost
projections aranet, energy storage will be a cesbmpetitive, emissionfree alternative.

Microgrids can also address theed to protect communities and commercial and industrial facilities
from interruptions in energy serss due to severe climate and other grid evemsmicrogrid is any
electric system that is capable of operating independently (or islanded) from theMacde and
more microgrids are being developed throughout the country, and especially in the nottfdes
U.S accounts for 1,282 MW of installed microgrid capabifiand 80% of the market is driven by 7
states including Massachusetts.

Microgrids and islanded electrical systems involve eithereajote/isolated power systems or la)
portionofauth 1 2 Qa RAAUGUNAOGdzIAZ2Y deailiSYd® Ly SAGKSNI Ol as
Microgrids use of a variety of resources that can beoptimized and shared within a network of

loads ranging from residences to highe buildings, such as hospital$fiaes, industrial complexes

and datacenters [ 2 R& GAGKAY | YAONRINAR NBYFIAY O2yyS
practical. However, generation and storage located within the microgrid cagergrate power to

serve loads locally which reducediaace on the macro grid, lgrovide power to the macro grid or

c) allow for continuous operation within the microgrid during macro grid outages.

The DPWegana Grid Modernization investigation 2014 with the goal to ensure that the grid is
reliable, efficient, clean, and can empower more customer engagement to manage and reduce their
energy costd! The expansive Grid Modernization effort currently underway will enable the electric
power systento incorporate larger amounts of distributed, clean energy resourties.Department

of Public Utilities has required each utility to develop and implement-geE0 grid modernization

plan.

8 Overview of Emergency Generation in 48D Administered Markets, EPA and New England StateoBmental
Regulators, March 2013

" Global Residential Stationary Generator Market 22039, Technavid,1 November, 2015

8 GTM Microgrid Research, 2014

8p.p.U 176B, Investigation by the Department of Public Utilities on its own Motion into Modernization of the Electric
Grid, June 12, 2014itp://www.mass.gov/eea/dos/dpu/orders/dpu-12-76-b-order-6-12-2014.pdf
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In their Grid Modernization Plans (GMPs), the utilities citegagje as a key strategic asset for the
future of grid modernizatiorenabling:

9 increased distributed energy resources (DER) hosting capacity with improved reliability and
power quality

9 customer optimization of time varying rates (TVR)
T distribution system planing and operational improvement, and
1 vehicleto-grid (V2G) demonstrations.

Integrating storage into the distribution network could help increase DER grashtle redudng

costs. Distributed solar generation has grown significantly in recent years within Massachusetts.
Over the last several years, Massachusetts has been one of the top states for installing solar PV
capacity in the country, rankind"4n the nation in 2014Last year was no exception in growth, as

the Commonwealth saw more than 15,000 projects completed in 20its approximately45,000
projects overalland approximately 1,100 MW direct current of cumulative capadityis accounts

for a rate of approximately 400 projects per weékgure2-20 shows the annual and cumulative
solarinstallationsin Massachusettsine 2008

Cumulative Solar Installations in Massachusetts
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ol mm BN [ , , , , ,
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Figure2-20: Massachusetts Installed Solar Capacity 2€B.6

As solar has grown, utilities have cited an increase in feeder lines that have reached capacity due to

a risk of reverse power flovHistorically the power flow has moved in a single directimom the

large power plants to the customer. Witlew distributed generation, powemay now flow in the

opposite direction tharplanned When the number of distributed generation systems, suchadar

t+3 2y 2yS FSSRENI ISYSNI (853 YalewndShes KA dsk tha& I y (K
0KS 3ISYSNIGSR LR6SNI KFa G2 Ft2¢6 2y (GKS FTSSRSNI o

al aal OKdzaSida 5SLI NIYSYd 2F 9ySNAe wSazdNOSas dal aal OKdza S
http://www.mass.gov/eeal/energyutilities-cleantech/energydashboard/
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Figure2-21. Due to the single direction transformers installed at these substations, reverse power
flow can create seriousliability issues for the utilities.

Feeder/Circuit

Transmission Lines
Carry Electricity
Power Plant Long Distances Distribution Lines
Generates Electricity AR Carry Electricity
R To Houses

eighborhood
Transformer Transformers On Poles Step
e oW Vaitage ™ = Bawn Eleciricity Befone ft e e

. Enters Houses
Substation
/x_

@Drawing Power

@sending Power

Figure2-21: Integrating Distributed Renewables: A schematic of electrical transmission to distribuffon.

Therefore, before a solar PV project can interconnect to the grid, the utiétiafuate whether the

addedsolar P\systemwit SEOSSR dafadty Iffiterd RiSbel»a much generation at any

time, the utilities will not allowthe interconnection until the customer pays for the cost of a new

GNI YyaF2NYSN G (GKS T StEaRsBHinEs cariiocdsd up doliillos, gsishowrk Sa S y
in

Figure2-22 below.

Distribution Feeder

1 Regulator $60-200K 2-6 mos.

1 Cap move $3-10K 1-3 mos.

1 New Capacitor $17-25K 1-6 mos.

1 Reconductor $200-400k/mi 6-12 mos.

1 Express Feeder  $350-600k/mi 8-18 mos.
Transformer

1 Line Xfrmr $2-25K 1-3 mos.

1 Substation Xfrmr  $2-4 million 18-24 mos.

Figure2-22: Typical Costs and Schedules fistribution Upgradeg4

Storage can be used to avoid these costs by preventing the risk of reverse power flow and avoiding
the cost of thetransformerupgrade. Excess generatioreisher stored at the customesite instead

of flowing to the substationor stored at the substation in storage equipment added to the
substation In addition to avoiding these costs, storage can increase the solar PV that can be hosted
on any one feeder.

Storage systems caalso ensure reliability and DER integrationdalgireséng voltage dips or spikes
caused by renewable power production or reduce the magnitude of power swings due to cloud

8 Graphic SourcdJS Energy Information Administration
842016 DG Interconnection Workshop (National Gtfidf)ps://www9.nationalgridus.com/non_html/MA _DG_Seminar.pdf
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cover for solar PV. By managing these renewable energy challenges, utilities can improve power
quality and reliability, which wouldtherwise be impacted by a PV installation.

Each of the three 10Us in Massachusetts considered energy storage in their GMPs submitted in
2015% National DNA RQ& DNAR a2RSNYATIGA2y tftly AyOfdzRSa
address the complexitiesf integrating variable renewable generation sources with the existing
electric grid. The objective will be to advance learning on the use of energy storage as a distributed
resource, and potentially enable the benefits of energy storage for customershandistribution

system going forward. Examples include: large energy consumer benefits through demand charge
management and grid benefits by supporting grid stability. The Distributed Energy Spooggsal

would analyze utilitysized battery storage useto complement renewable generation and improve
power quality.Eversourcdias proposed aidtribution-levelSolar Plus Storag#oject to address the
integration of 20to 45 MW solar P\¢apacity inNew Bedford This substation projeawith 15-30

minute duation would integrate the solar PV variable generation into the urban area, providing
reliability and increasing the possible solar PV cap8titnitil proposed arEnergy Storage Pilot
Programin the R&D sectioof its Grid Modernization Plan. Through this program, Unitil will partner
with energy storage vendors to investigate residential, commercial, and utility applications to
increase reliability and distributed energy resource integrafion.

The DPU has recertl I LILINE @S R  bplarni tb Biglublefadvdndedl iRv@ders and battery

storage to more efficiently integrate solar resouraes part of theirPhase Ikolar procurement as

allowed by the Green Communities Act of 2088 National Grid plans to installebween five and
GogSyite wmnn 12 ¢Sat -ioo)ddafentlioah exsting NP M\§ groayidibéséd 6 [ A
solar array in Shirley, MA, as part of its Solar Phase Il proghational Grid will leverage the

storage to provide ramping services, VARmst, and load shifting capability among other benefits.
National Grid will leverage the federal energy investment tax credit to help finance the project,
which requires the batteries be charged a minimum of 75% from the solar.

In January 201,&he UnitedStates Department of Energy.8JDOE) announced a SHINES award to
fund an energy storage project in the National Grid service territbNational Grid is a partner with
Fraunhofer USA Center for Sustainable Energy Systems and End@iNQgartner team mposed a
one year demonstration of highly scalable integrated PV, storage, and facility Jo@thagement
solution for largerscale (~1 MW) PV systems on utility feedarsselect towns Ipcation to be
determined), with a goal to engage in dispatgiarticipate in multiple energy markets, meet
efficiency and cost reductions, and integrate solar.

Distributed storage system can be aggregated operationally and utilized as a larger storage
installation. Megawatiscale distribted demand response and energy storage is currently being

®p p.U. 1820, D.P.U. 1421, D.P.U. 1422, D.P.U. 1423.

8% ppu 15122, Eversource Grid Modernization Plan, August 19, ;2011 56.

8 ppu 15121, Fitchburg Gas and Electric Light Company (d/mfiil)Grid Modernization Plarjugust 19, 20155g. 84.

8 ppu 12134, ORDER. By Chairman O'Connor, Commissioners Westbrook and Hayden, May 2, 2016; pg 4

8 Section 1A of Chapter 164, subsection (f) provides for an exception from the prohibition of distribution companies
directly owning, operating or controlling generation facilities (per subsection (b)(1) of the same Section) to allow an
electric company ta@onstruct, own and operate facilities that produce solar energy, subject to a maximum aggregate
quantity of 25 MW of such facilities, subject to Department of Public Utilities approval of cost recovery prior to June 30,
2014 and construction prior to Jurd®, 2016.

90USDOE,r‘Eergy Department Announces $1dllon to Develop Solar Energy Storage Solutions, Boost Grid Resiliency,
January 19, 2016éittp://energy.gov/articles/energydepartmentannouncesl 8million-developsolarenergystorage
solutionsboostqgrid-0
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tested in severastatesincluding California. The Demand Response Auction Mechanism, introduced
by the California Public Utilities Commission, offers resources for an opportunity to bid as
aggregaed units of at least 100 kilowatts igize If awarded, these new resources would be
dispatched as an alternative to large, centrally controlled power plants. The program received a
substantial amount of interest and attracted everything from smart therratssand EV chargers to
behindthe-meter batteries and commerciahdustrial load control.

2.7.2 Community Energy Storage

Community Energy Storage (CES) is a concept that was developed by American Electric Power
Corporation¢ a large U.S. electric utilitg as a unifying theme for small battery systems. CES
installations normally are located near residential customers, are rated at a few tens of kW, and
have 2 to 3 hours of discharge duration. CES also includesddttite-art communications and
controls. CE®rovides several benefits, especially for electric supply (energy and capacity), T&D
deferral, and increased reliability and distributed renewable energy generation integration.

Energy
Storage

Figure2-23: Community enegy storage as utility infrastructuré

National Grid has proposed a Community Energy Storage project as part of its Grid Modernization

Plan. The High Density Community Energy Stomao@osal would analyzethe technical and

operational aspects dhstallation and integration of distributed energy storage and would explore

benefits of distributed energy storage in areas with a considerable number of distributed small solar
installations. Both approaches would use diverse charging/discharging higefittrategies that

could be used for capacity relief, improvement of asset utilization, participation in the ancillary
ASNDAOSE YINLSG 6Fa | 0f2010x NBRAOGAZY 2F NByS
operations.

2.8 CustomerLevel Energy Stage in Massachusetts

Massachusetts has theé"énost expensive electricity ratés the U.Swhichis 44.3% higher than the
averageU.S. electricityrates® High rates are particularly felt by low income residents, as well as
commercial and industrial customers. While energy storage deployed anywhere on the grid can
actually benefit all ratepayers (through the aforementioned system benefits), it also hascsighn
benefits to individual customers when deployed at the custotegel. Deploying customesited
renewable energyvith energy storage has the potential to increase the available optionsldéatree

L SourceAmerican Electric Power
2us Energy Information Administration, Oct 20i#ps://www.eia.gov/state/ranking

CHAPTER 2 51| Page



STATE OF CHARGE
Massachusetts Energy Storage Initiative Study

power customers and third party providers to manageergy costs in a more sustainable way. The
value proposition of storage depends on capturing revenue streams related to energy arbitrage,
demand charge mitigation, ISO market participation, and resilienapd each value can be site
specific.

Energy storage technologies provide an opportunity for potentially significant savings by helping a
customer to manage their peak demarfslerving the load during a peak period is more costly than

during off peak periods. Utilitieshérefore assign ademandcharge to customers based on how

much peak electricity a customer usesreflect this premiumw S RdzOAy 3 (G KS Odza (2 YSNJ
can aid in decreasing this demand charge. Bae factorisF NJ G A2 2F | Odma 2 YSNDa
defined period relative to their peak demand over that same peréot] it provides an indication of
GKSGKSNI 6KS Odzad2YSNRa dzak3S Aa NBflFGA@Ste fS@St
load factors for commercial consumers ranganf the high 30% to mid 40% range depending on the

nature of the business. Modest improvements in load factor can result in significant cost savings
depending on the level of the demand chargés

Storage technologies can facilitate load factor improvemby providing stored energy during
periods of highest use thereby lowering the registered peak demand during the period. The source
of the stored energy can then be stored at periods of otherwise lower consumpigare2-24

shows two illustrative C&I daily demand profiles. For example, the green customer may face
significant demand charges as their daily peak occurs coincident to during tHdBS@ak. This
cudomer could utilize storage to charge at night and dispatch that energy during the peak to reduce
their demand chargesThe effect will be an overall leveling of the load across the billing period, a
load factor improvement.

% pemand Charges generally constitute about 40% of a C&I customers electricity bill.
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Example Massachusetts
- | C&I Daily Demand Profile
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Figure2-24: Example Customer Load Profile

Peak demand management is generally available only to-nesidential customer classes as these
classes routinely have a demand component in their tariff rate structubesnand charges for
uiAt AGASa Ay al aal OKdzaSidda

in the table below:

Utility / Demand $/KW

National Grid

Eversource NStar
Eversource WMECO

Table2-1: Demand charges by utilities in Massachusetts asgaly 2016*

Commercial
(nonsummer / summer)
$6.00
$17.37 / $41.25
$13.36
$9.58

O0GF 1Sy FTNRBY SI OK dziiaf

Industrial
(nonsummer / summer)

$3.92
$19.15/ $25.12

$10.74

$7.88

In the example illustrateth Figure2-25 and Figure2-26 below, we have assumed that a 200 kW/200
kWh lithium ion battery system was used for demand charge reduction at a commercial facility. The
maximum peak demand of the facility was 500 kW in summer and is assumed to be billed 68 the G

rate plari® by National Grid

*The disparity between the above demand charges for the Eversource companies as compared to National Grid and Unitil
is that National Grid and Unitil both have per k\@harges in their rate structure for transmission service cost recovery
while the Eversource companies recover transmission costs through an additional déemsedicharge

% Source Load Dat&aliforniaCommercial End Use SunRgports; 8,760 hourly data of the 500 kW Load Profile was

obtained from the ESVT model ver 4.0, the demand reduction was modeled using EnergyToolBase.

SourceBillingRates: https://www39.nationalgridus.com/masselectric/business/rates/4_tou.asp
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Legend: B Demand Before Battery Power [l Demand After

Max - With Storage —

Demand (kW)

-225

3am Sam Pam 12pm 3pm Spm Opm

Figure2-25: lllustrative Example of Potential of Storage for Peak Demand Reduction

lllustrative Bill Savings
$312,000
m Original Bill = New Bill
$310,000
$308,000

$306,000

$304,000

Monthly Bill

$302,000

$300,000

$298,000

$296,000
Demand Charge Reduction

Figure2-26: lllustrative Energy Bill Savings

As shownin Figure2-26, the enegy storage system enabled a 3Wkpeak demand reduction and
thus could provide a savings of $4,085 pear by reducing peak demarmtharges. On other utility
rate structures such as Eversource and Unitil, industrial and commercial customers can achieve far
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greater demand charge reductions since the $/kW demand charges are higher in those utility rate
structures.

Storage can also be useditwrease theefficiently of Combined Heat and Power (CHP) systems. CHP
can achieve both fuel savings and GHG reductions by virtue of the ability to generate both useful
thermal energy and electricitySimilar to otherfossil fuel electricity generator§&GHP systems must
vary their energy output to match the real time changes in the energy demdik addition of
energy storagecould level demandallowing the CHP systeto operate at their optimaland most
efficient, output.

Storage therefore helps CHP meet its projected econcand environmental performance. A CHP
system with storage can be sizéd match averagedemand instead of installing an oversized
system to meet peak. Small&@HP systemare also more abléo meet air permit emission limitsAir
pollution control systemsre designed to operate within specific ranges. For larger systems, the
emissions will increase afficiency decreasedintil they reach a point at which the CHP system has
to be shut down in order to remain in compliance with the air perigitergy storge allowsthe CHP
system to be operatedithin air emission standarder more hours.

With storage, CHP systems can more effectively meet resiliency objedtlaisgal gas fueled CHP

systems can operate durirglectricity grid outagesas long as therera no natural gas distribution

outages However,some CHP system resiliencgn be diminishedf the systemcannot respond

quickly enough to changes in the facility demahding an outagelf they areunable to maintain

output within prescribed parameterssuch as overor under voltage, frequency or phasehe

system may have to enter safety shutdown Energy storage systems will eliminate or greatly

minimize this problem whil¢he system i2 LISNJ G Ay 3 Ay (GKS daAaflryRAYy3IE |
substantially increase the energy resiliency of the supported facility.

Behindthe-meter storage systems can preserve the full value of all the solar generation regardless
of netmetering policies. With netnetering, solar PV &iomers use the grid as a pseustmrage
system, where they sell energy during times of excess generation and from where they pull energy
during times of need.

As distributed solar costs have decreased and the rate of residential installations has booamgd,
states are reviewing their retaithte net metering policies. Instead of allowisglar facilitieso sell
excess solar generation back to the utilities at the full retail rate, many states, including Nevada,
Maine, and California, are investigatiatiernative incentive structures that reduce the value of the
net-metering credit. Hawaii, the state with the greatest percent of solar capacity per ¢apita
ceased retaitate net metering and now offers two new tariffs: (1) a grid supply rate which is
approximately half the former retail rate and (2) a s&lipply rate which credits a solar customer the
retail rate only when their solar system is generatih@n April 11th, 2016 Governor Charlie Baker

POYGANRYYSY(d ! YSNAOFS [AIKGAYT GKS 2F&Y ¢KS ¢2L) {GFd8a GKI
http://www.environmentamerica.org/reports/ame/lightingvay-0

" HermanK. Trabish, The day after: How solar can thrive in the-pesimetering eraUtilityDive, November 3, 2015
http://www.utilitydive.com/news/the-day-after-how-solarcanthrive-in-the-postnet-meteringera/408357/
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signed legislation that expanded netetering caps bulowered the netmetering credit rate for
private netmetering facilities in Massachusetts to approximately 60% of the retail rate.

Under both of these new tariff structures, behitlte-meter solar becomes lessluable to the

customer. Wth the additionof a paired behindhe-meter storage system, a customer can preserve
GKSAN aeaidsSyQa TFAYyLFYyOALf o6SYySFAGSD® ! K2YS &02NF =
allow the customer to avoid retaihte electricity purchases later when their PV systermot

generating. This preserves the full retail rate value to all the energy the PV system is generating
regardless of when the energy is used. No matter whatmetering policy is in place, the PV

customer gets the full value of their system.

Energy storage is a unique technology with far reaching applicadicthe generation, transmission,

and distribution level. The flexibility these technologies offer allow them to be sited in many
locations and utilized by all energy system participants. Therefore, the benefits of using storage can
be attributed both to thesystem as a whole and to specific parties participating in the energy
markets.

In subsequentchapters we will evaluate whether energy storage is a viable and-effsttive
resource to help meet the challenges identified in this chapter. The followird will focus on
different types of storage applications and hdheir value can be realizedVe will also identify
barriers that may be hindering energy storage development in the state and formulate
recommendations on how to address them.
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The development of effective public policy requires active and meaningful contributions from the
affecteda i { SK2f RSNE® ¢2 KSfLI AYyF2NY (KS Stdydeah OKdza S i
actively solicited stakeholder opinions and suggestions overcthese of the investigation. The

diversity of stakeholders resulting in differemérspectives, expectations and suggested actidhss

chapter presents the perspective of each stakeholder segment.

Workshops surveysand outreach provided insight on stakeholder perspectives regarding key
market drivers and barriers, as well as potential solutions that could lead to increased market
adoption. The purpose of this chapter is to summarize thaut, identify consensusral non
consensus perspectivegjentify issues and barriers (particularly those amenable to policymaker
influence) and highlight unresolved issues and barriers that hinder energy storage adoption in
Massachusetts.

Energy storage stakeholders expressing interest in Massachusetts are at different stages of the
deployment process. Some are just beginning to evaluate the potential for storage in their
businesses or operations, while others are actively building eperating projects Stakeholder
groups engaged in this input process encompagbedfull spectrum of the electricity value chain,
including: ISENE; IOUs and Municipal Light Plant utilities (MLPs) concerned with the distribution
grid and its operationindependent power producers operating in the wholesale market; renewable
energy and distributed generation developers/operators; competitive suppliers operating at the
retail level; and, of course, the electricity consumer and ratepayer. Energy storahrotegy
developers and system integrators represent another important stakeholder group, some of whom
are at the early stages of technology development while others are well advanced in offering proven
commercial products.

At the outset of this study, @oncerted effort was made to inform energy storage stakeholders
across the country and in the IS region of the study, and to solicit their active participation in an
initial stakeholder workshop that was held on October"3@015 in Boston. More tha300
organizations were contacted (~400 individuals), and over 150 people attended theayull
workshop.

The October 3®workshop was structured into stakeholder breakout sessions focused on identifying
high level needs and challenges for energy stordgployment in Massachusetts, as well as
suggested solutions. The breakout sessions addressethadkets in the electrical grid likely to be
served by energy storage applications: 1) Wholesale Markets/Transmission; 2) Utility Appligations
Distribution; and 3) Behindthe-Meter/Distributed Energy Resources (DERA fourth breakout
session was dedicated to Energy Storage Technology Developers, with the understanding that
members of this group (including university researchers) may have technologies thabariap

early in their development to associate with a particular market and have resource needs and
concerns distinctly different from those participating in the other breakout sessions.
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Following the workshop, summaries for each of the four breakousisas were posted publich/

with a request for feedback and further stakeholder input. Subsequently, 3nely Team
conducted more detailed followp with certain organizations and individuals via surveys (40
responses), small group webinar sessions andon-one interviews (36 interviews). In addition,

the team held an Energy Stakeholder Update Webinar on Decemtetalbresent progress to
date, and to solicit further feedback (140 registrants, ~100 attend?—:?dé)w March 12016 a final
survey was ditributed to the full list of stakeholders to seek their priorities among issues or barriers
identified in the process, as well as their input regarding Massachusetts policymaker ability or level
of effort, required to influence change.

Finally, at the completion of the investigation, selected stakeholders were asked to provide final
review and feedback, in order to address any potentially significant omissions or misrepresentation
of stakeholder perspectives and suggestions.

An overwhelming proportion of stakeholdeere optimistic about the future of gridonnected
energy storage in Massachusetts. Utilitiemd Distributed Energy Resource developeite
renewables growthtechnology advancesand technologycost decreasess ways energy storage
will shape the grid both neaerm and longterm.

0Given the recent advances in energy storage technology angffestiveness, it is hard to
imagine a modern electric distribution system that does not inohundegy storag® €Eversource,
Grid Modernization Plan 20133-19, p56

While recognizing the potential of energy storage, stakeholders mentioned numerous issues and
barriers that are preventing widespread deployment in the Commonwealth. The issuegddtiur
categories: policy issues, resource planning reform, value proposition, and deployment. Most of the
presented policy issues can be addressed within the scope of the Energy Storage Initiative and
related initiatives in Massachusetts. Resource piagreforms are issues related to transmission
and distribution planning processes by {88 and the distribution utilities to ensure that energy
storage is sufficiently valued and considered for grid reliability purposes. Energy storage value
realizationissues address the challenges and uncertainty in the valuation of the range of capabilities
and benefits of energy storage technologies. This uncertaintyrn then limits the financability

and optimal siting and operation of energy storage. Finalhergy storage deployment priorities
discuss issues regarding the costs and processes of deploying and connecting energy storage systems
onto the grid, as well as challenges faced by technology developers in bringing new technologies to
market.

As noted earlier, aurvey was conducted in March 2016 to complete the 'ranking' of the priorities
that resulted from the Energy Storage Workshop @utober 3@, 2015and to gain a better
understanding of the perceived level of diffifuaddressing the issues identified.

% As of the publication of this report, breakout session summaries may be accessed at the Mass.gov Energy Storage
Initiatives (ESI) websitéttp://www.mass.gov/eea/energyutilities-cleantech/renewableenergy/energystorage

initiative/

P The presentation from the Update Webinar may also be accessed at the ESI websibeigly noted.
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The survey was submitted to 300 peopémd 129 stakeholders responded and sieléntified their
sector (more than one could be selectethe breakdown of respondents shown irTable3-1.

Energy Storage Technology Provider 27.2%
Distributed Energy Resource Develop&enewables 27.2%
Microgrid Developer 15.2%
DER Platform Provider 12.8%
ResearctOrganization 12.8%
Consulting Firm 12.8%
Distributed Energy Resource Develop@HP 8.8%
Utility (publiclyowned) 8.8%
Investor/Financier 8.8%
Energy Storage Supply Chain 8.0%
Competitive Energy Supplier 8.0%
IPP 8.0%
NGO 8.0%
Utility (investorowned) 6.4%
Distributed Energy Resource Develop€uel Cell

Developer 5.6%
Power Supply Aggregator/Community Aggregator 4.8%
Government 4.8%
Industry Organization 3.2%
End User 2.4%
Law Firm 2.4%

Table3-1: Breakdown ofsurvey respondents

Those surveyed were first asked to rate a series of priorities and identify any other priorities not
listed. Responses are summarized able3-2.
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Breakdown of Importance
Stakeholder Priorities (Ranked from Highest to Lowest) ETETTE

Allow Energy Storage to Capture Multiple Revenue
Streams

Allow Distributed Generators to Support Syst@apacity
Needs

C | Financeabilityand Cost

D | Incentivize NorWires Alternatives

E | Pilot Programs to Demonstrate New Business Models

F | Streamline Interconnection Review Process

Identify, Value, and Increase Data Availability on
LocationaBenefits and Constraints

H | Address Value Proposition for Renewable Integration

Coordination and Clarity on Net Energy Metering (NEN
and Renewable Portfolio Standards (RPS)

Coordination of Energy Storage Initiatives Between IS{
NE States

Increase Availability of and Improve Access to Advanc
Metering and Customer Data

L | Resolve ISOIE Load Reconstitution Issue
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M | Adopt a Definition for Energy Storage

N | Clarify and Develop Safety Codes and Standards

O | Enable the Prosumer Model

P | Testing Facilities for New Technologies and Applicatio

Table3-2: Stakeholder Priorities from Final Survey

3.2 Stakeholder Feedback

3.2.1 Definition and Classification for Energy Storage

One of the priority actions identified hytility stakeholdes during the October 2015 workshemd
follow-up utility interviewswasfor a framework forthe classification oénergy storageThough an
important foundational element of a comprehensive energy storage strategy, as the survey results in
Table3-2 shows defining energy storagmay fall behind other issues in terms of prioriBegulatory

and legislative ambiguity of storage as an asset al@g presentuncertainty or prevent utilities

from being able to properly model and value storage within their systems. A potential solution
would be to adopt a consensus definition of storage for the state.

3.2.2 ISONE Market Rule Clarity

As part of the question on seeking a definition or classification for storagigy and nonutility

stakeholders have requested more clarity on the-MEOrues for energy storage. This call for clarity

is aimed ahelping market participants understarhether storage can be classified as a generation

and/or transmission asset, what wholesale market products storage can provide, and what the
associated perfanance requirements would be depending on its classification. ThebIS@ a

recently released paper o | 26 9y SNHE& {G2NIF3IS /Iy tFNIAOALI G
9t SO0 NX OF siatted addiedsiByithese questionSONEgenerally describes energtosage

asnoPA Y i SNYAGGSY G NBA2dNDS6A0 GKIFG +FNB ddzyAljdsS 68
as a supply resource and a load resoud@Due to the complexities of the Market Rule tariffs, the

type of registration and market participation of aenergy storageresource will determine the
compensation and treatment of the resources in the wholesale market. The current vieneafy

storage in ISONE was developed to accommodatéydro pumped storage in Northwest

WSONE,l 26 9YSNHEHE {dG2NI3IS /Fy tI NIAOALN (8 JanyaryRodss 9y 3t yRQE 2 K
0http://www.iso-ne.com/statieassets/documents/2016/01/final storage_letter _cover_paper.pdf
101 |y

Ibid

CHAPTER 3 6l| Page


http://www.iso-ne.com/static-assets/documents/2016/01/final_storage_letter_cover_paper.pdf

STATE OF CHARGE
Massachusetts Energy Storage Initiative Study

Massachusettswhich was builtini KS Mot nQa (2 LINE®GWRE capaciyNiiiE A Y I § St
a 10minute timeframe in the event of a nuclear plant triRulesaccommodating pumped storage

the dominant historical storage techna@g¢ are seen as insufficiemd support deployment ofmore

diverse advanced storage technologies now entering the marketpldezevolution and diversity of

energy storagetechnologies, applications, and grid locations has gone well beyond the limits of
traditional pumped hydro storage

Massachusetts is a national leader in terms of clean energy goals. Stakehdhdevever,
commented that legislative energy policy goals are often conflic@gprdination across regulatory
proceedingswithin Massachuse#, as well as across the regiamas identified by thedistributed
generatorsand project developersas a key priority to streamline market development. Specifically,
coordination between the ESI and Grid Modernizatiroceedingsvas highlighted asne sich
opportunity.

Utilities stressed the importance of legislature and Department of Public Utilities having clear and
well-defined rules around utility ownership of storage assets to ensure market certainty. In August,

2016, the Commonwealth passed bilPpH n pcy ®> Of F NAFe@Ay3d GKI G SySNBe
St SOGNRO RAAUGNRAROGdzIAZ2Y O2YLIyeé¢ |yR FdzZNIHKSNI | LILIR
F LILINBLINA I GSS F2NJ St SOGNRO HZVEDOYASE 8¢ SNHEE OdzaNB NX
January 1, 2020

Someutility stakeholders also thought that the implementation of the Massachusetitiy-filed
GMPs is an important solution to mitigate barriers for energy storage implementation. The ability to
providethe greatest value for customers while funding storage technologies will rely on the accuracy
and locational granularity of data associated with the application. This is a challenge for utilities
since granular operating information is naurrently available throughout the system. Today,
detailed information is primarily derived from substation feeder monitorsyhile little, if any,
detailedinformation is available on theide of thefeeders where DG and energy storage will likely
be installed as a customeide resource®® For the IOUs, thautomation imposed in som&Mms'%

will provide the granulafocationaldata needed to conduct an accurate analysis of value derived
from customerside resources, and until such granular data is available, it wiiffieult to get to

this value.

While many stakeholders expressed uncertainty about themetering and solar policy at the time

of stakeholder workshops, much of that uncertgitmasclarifiedsince the passage @i Act Relative

to Solar Energin April 2016. Additional clarity about the interaction between storage and new solar
policy is discussed as part©hapter 7 ecommendations.

DG, vholesale marketand utility stakeholders commented on the lack of incentives for ores

alternatives (NWA) such as energy storage to be considered in transmission and distribution (T&D)
system planning processes that address grid reliability and eeftigi As costs of energy storage
aeausSvya KI@S O02YS R2¢gys SySNHe& ad2Nr3IS Kla (KS

192 ytjlity Stakeholder Phone interview and email folloyy with EPRI on 20152-14
193 Grid Modernization Plangttp://www.mass.gov/eea/energytilities-cleantech/electricpower/grid-mod/grid-
modernization.html

62| Page


http://www.mass.gov/eea/energy-utilities-clean-tech/electric-power/grid-mod/grid-modernization.html
http://www.mass.gov/eea/energy-utilities-clean-tech/electric-power/grid-mod/grid-modernization.html

STATE OF CHARGE
Massachusetts Energy Storage Initiative Study

solutions to defer or replace the need for specifigstlier transmission projectsEnergy storage
developers highlighted thaNWAs such as energy storage often have the additional benefit
avoiding infrastructure siting concerns of traditional solutions; being deployed and installed on a
relatively quicker timeline; having the flexibility to be developed incrementally and deselasing
existing infrastructure (e.g., €ocating with existing electrical infrastructure); and providing
reliability advantages by siting NWAs in diverse geographic locdSmesSidebar below)

Currently in Massachusetts, utilities are not incerzid to propose NWA solutiorier distribution

planning Stakeholders indicated thattilities generally prefer to submit their traditional wires

solutions because there is no established cost allocation methodology or financing source for NWAs.
Traditionalg A NEa az2fdziAz2ya | NB dzadzZftfte RSTAYSR a aiN
and allocated according to the applicable FERC jurisdictional tariff. By contrast, such cost recovery

and allocation methodologies are not available for NWAs that &ein RSFAY SR | a & i NI
FaaSiaoé ra | NEadzZ 6§ RSOSt2LISNA FNB dzyt A1Sfte
customers alone. With partial rate recovery or some matti@ted compensation mechanism for

energy storage (or distributed energy resoesayenerallyjhat provide reliability, NWAwould likely

be proposed asgeliability solutionson a more regular basis

Furthermore, several stakeholders highlighted that comprehensive and granular modeling is needed
to accurately validate the total resoce cost of NWAs like energy storage systems. Modeling
limitations include the lack of temporal or locational granularity data and the exclusion of certain key
benefits such as locational and lower emissions value of NWAs in estimating the benefitsrentiffe
solutions. Also, resources like energy storage are often modeled as providing a single service rather
than the multitude of servicethey arecapable of delivering. System planners have typically shied
away from NWAs due to concerns about operatiotertainty for crosgurisdictional resources that
provide both wholesale and retail services, and due to concabasit whether NWAs can deliver on

their promise to provide grid services as needed. Advanced stochastic modeling in the T&D system
planning pocess is needed for a comprehensive and transparent evaluation of traditional wires
solutions versus NWAs.

Distributed generatorsdentified a gap in market rules preventing aggregated enetgsage from
participating in system capacity markeisotherwise realizing the full capacity benefits they provide
to the system. Stakeholders posited that the time is right to explore whether and how aggregated
distributed energy storage (either loadodifying or supply side) could provide grid service to secure
this important value stream in Massachusetts.

oDistributed energy storage has the potential to redefine the nature of the electric power grid. 7
the grid is characterized by the need tdnce load and generation every second, primarily by
dispatching generatiog

- Eversource, Grid Modernization Plan 263519, p56

Today, system capacity needs are largely met by traditional generation resoubissibuted
generation, demand respoas(DR), and energy storage resources come in a variety of capacities,
with on-site commercial, industrial, and residential systems offatling belowthe minimum MW
threshold for wholesale market participation. If control and capacity of multiple resairaee
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combined into an aggregated resource, then that resource can potentially be large enough to
participate in wholesale markets.

Drawing an analogySGb 9 Q& 5SYIyR wSalLlyasS wSaz2dz2NOS ! 3aNB3l
example of market rules thahave created a vibrant demand response market, which allows
participation ofaggregaéd demand response resource8s written, he rules state that Demand

Response Resources must be able to produce at least 100 kW of demand reduction and can be
comprisedof an aggregation of Demand Response Assets located within the same Dispatch Zone

and Reserve Zoné' Each Demand Response Asset must be able to produce at least 10 kW of
demand reduction eitheby itselfor aggregated across multiple end use customers froaitiple

delivery points within a single Dispatch Zone and Reserve Zbweeresults of these rules Yabeen

a strong DR marketplace (See SideHagssons from ISB9 Qa4 RSYIF YR NBaLRyasS YI N
the aggregation rules for a broader set of resas¢o provide different grid services.

Sidebar: ISENE Demand Response Market

The amount of Demand Resource Assets as of February 1, 2016 totals approximateM\& 707t
this amount, about 952W or 35% are in the three Massachusetts load zof&Ehe Active
Demand Resource Asset enrolldlV as of February 1, 2016 is approximately 1,004 comprised
of Transitional Price Responsive Demand, fteed Demand Resource and Réate Emergency
Generation ResourceRassive demand resources are not ideld here as they are not dispatchabl
MW. Of the Active Demand Resource Asset enrd&d, approximately 24 MW or 24% are in
Massachusetts load and dispatch zones

Distributed generatorsilso requestd guidance on an appropriate methodology for quacttion of

system benefits for DERs that improve the system load fadtoraddition, a desire for clarity on
storage participation as a demand response resource and the complexity of existing DR aggregation
rules were also mentionedThese issues could baddressed through ISRE stakeholder
engagement.

Competitive suppliersioted that energy storage could also play a role in improving overall system
(utility level or even IS®IE level) load factor, thereby lowering system capacity and transmission
needs (and ideally costs)An individual customer may employ energy storage to manage their
individual contribution to the system peak and thereby their capacity obligatiblarge numbers of
customers engage in this activity and effectively manage the syptak, material reductions to the
overall systenpeak and reserveapacity needs could be realizeWide scale deployment of energy
storage resources operated in a coordinated manner to manage individual customer peak demands
coincident with the systemgak would likely yield improved reductions in system capacity needs.
Further market developmenhoweverwould be necessary to realize this.

104ISONE WEM 101: 1% Demand Resources in New England Markets://www.iso-ne.com/static
assets/documents/2015/11/20151019_13 wem101 demand_resources.pdf

19 pataSource Demand Resource Working group presentation by the ISO BéiRasource Strategy Department
January 2016. The WCMA, NEMA & SEMA load zones were summed to represent Massachusgtts/v8ee .iso -
ne.com/marketsoperations/markes/demandresources/
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Sidebar:FERC Order 745 Update

On January 25, 2016 the U.S. Supreme Court issued an'Gméeersing the DC Circuit Court of
Appeals ruling in the case Béderal Energy Regulatory Commission v. Electric Power Supply
Association (EPSA)he DC Circuit Court ruled in favor of EPSA, finding that FERC lacked auth
issue Order 745 (Order 74&quires ISO/RTOs to pay DR for energy conservation the same rate
paid to generators for energy suppiA S o> aFdzZ f [at €0 Fa Al NB
GKS NBGFAET St SOGNROAGE YIN)]SG:Z ¢ KsatorSmethddalady
Ad Gl NDAGNI NE YR Ol LINAOA2dza¢ @
¢KS {dzZLINBYS / 2dz2NliQd hNRSNE K2gS@OSNE F2dzyR

 FERC does have the authority to regulate DR in the \shldenarket

T CoOw/ Qa RSOA&AZ2Y G2 LIke& 5w (GKS FdZft [ a
This ruling liftshe clouds of regulatory uncertainty that have plagued DR participants i I1S@ a
YIN]pSGa 20SN) GKS LI ad aS@SNIft &SFNaR® LI RZ
approved tariff; instead, it permits the 1ISO to move forward with fullggnating DR into the energy

and reserve markets starting on June 1, 2018. Note that DR can presently participatdir® |19
capacity market and, on a limited basis, the energy market

Stakeholders identified theambiguity of the IS® 9 Q& [ 2 I R W'Sdepylidying itirelaies 2 y
to the ability to use energy storage (or other peak reduction methods) to reduce transmission
related costs as an issue for utilities competitive suppliers and MLP utilities .alikePs ranked
Capacity and Transmission Payment Reduction as a high priority applitetidrasone of the most
substantial potential value streanfsr energy storage systesnbut stakeholders noted that Load
Reconstitution is a significant regulatoryrbar for full monetization of this central MLP application.

The MLPs considered the lack of clarity around the treatment of load reconstitution for capacity and
transmission payment calculations as a significant barrier for energy stoktggoke Gas and
Electric(HG&E points out that the definition of Regional Network Lo#&NL)under Section I:
General Terms & Conditions of the 48P Transmission, Markets & Services Tgr#fie 84) includes

the following sentence:

G¢KS bSig2N] /dzadG2YSNRa wS3aizylf bSGg2N] [2FR
Network Customer (including losses) and shall not be credited or reduced for any behind
theYSGSNJ ASYSNIF A2y dé
This sentence would effectively require anything tha®ig y & A RS NBhR-Y 80 SKIA ARY SNI (A
to be reconstituted for the purposes of determining Transmission payments pursuant to the Open

1% Federal Energy Regulatory Commission v. Electric Power Supply Association et at8&b(U4. January 25, 2016);

http://www.supremecourt.gov/opinions/15gf/14-840 k537.pdf

Load reconstitution in this context refers to the process of adding to the sum of electricity that a customer consumed

OADPS DT Gf2FRe0T GKIG St SOGNAROAGE gKAOK gl & bhe¢ O2yadzYSR |
located behind its electric metegin this case, an energy storage device. With limited exception, this applies to load

GKIFG 61 a NBRdzZOSR GKNRdIAK (GKS 2LINIGA2y 2F ASYSNIGAZ2Yy d4GAy
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Access Transmission Tariff (OATSection Il of the Transmission, Markets & Services Tariff).

CdzNII KSNXY2NMB-YSGOERBKAFRSNI GA2yEé Aa y2i RSTAYSR Fyeéq
& Services Tariff (orby 1ISD9 2 NJ COw/ 0 ! OO0O2NRAYy3 (2 1 D39Qa SEL
tKS RSTFAYAUABYSBINIGHSKINIRGA2Y E Aad dzLJ eiisFori KS NB
an MLP, the meter in question is one at the wholesale level as opposed to solely retail rreters.

the event that the regional transmission owner does define an energy storage system as

G0 SKAYR (GKS YSUGSNI ISy SNI (i Acivfly dimirfat thdrabiiySoOah y & G A 0 «
installed energy storage system to reduce transmission payments.

Insight/ £t F adaAFe@Ay3d 59wQa G2 9ylofS t NRLISNI al NJ

An ISO serves as the billing and collection agent responsible for recovering costatadseith the
provision of regional network service (RNS) and other services to transmission customers. Thg
Access Transmission Ta(@ATT) (Section Il of the ISO tariff) governs the allocation of these co
The I1SO determines each Network Custdi#iza a KIF NB 2F GKS Y2y (iKf @
G§KS bSig2 N regiaml detvyrSloaavb [ 0 G GKS GAYS 27
GKS &adzy 2F Ittt bSGg2N)] /dzad2YSNARQ wb[ 4
can lowerits RNL at the monthly system peak, the more it can lower its allocation of RNS costg
GFr 2ARSR O2aié¢ Aa y2Gr K26SOSNE | O2ARSRT A
cost allocations to other Network Customers. The ISO Tariff, henyvprohibits the practice of
f26SNAY3I 2ySQa wb[ -hékWNRIAENG FiKySS NiFAISA 2yT>  65SIKIA
all load designated by the Network Customer (including losses)stuadl not be credited or reduced
for any behindthe-meter generationd'® The ISO supports this prohibition on the belief that all
Network Customers should collectively pay for a system that would provide for the Network

/ dzZaG2 YSNRa SyGANB SySNHe& y S StRametenor othéntise, Ss@iS y
available™°

While the ISO Tariff is explicit on its requirement that bektimgtmeter generation be added back to

the calculation of RNL (also known as load reconstitution), it is the Network Customer, not the ISO

that calculates its own RNL valueBach transmission owner memorializes its customized
methodology for calculating.ocalNetwork Load vigr-vis its local network Schedule 21 of the ISO

OATTM It is here where there seems to be some area for interpretation. Whereas the 1SO expects

that trangmission owners will providRegionab SG g2 NJ] [ 2+ R @I f dzS§&4 Ay Of dzaA g
behindthe-Y SG SNJ ISy SNI A2y > GNIyavYAdaarzy 26ySNRa { O
calculatingLocalNetwork Load. Local Network Load is a term that is defiseparately in each of

0KS (NIXyavYArAaairzy 26ySNNRaE {OKSRdZ S wmod ''a GKS { O
in the tariff language which seems to create the opportunity for alternate approaches to complying

with the ISO Tariff. In at leashe instance a transmission owner has chosen to define under what

108
109

Network Customer is a Transmission Customer receiving Regional Network Service or Local Network Service.
ISONE, Section & General Terms and Conditiorgtp://www.iso-ne.com/static
assets/documents/requlatory/tariff/sect 1/sect i.pdf
M2 kAtS GKS L{hQa ¢INRFTFT fly3ddzk IS KIFIayQi 06858y OKIftSyasrR i
supported a similar approach to that of the 1SO, ruling thehiindthe-meter generation should be subject to
transmission service charges. See, égp.//www.ferc.gov/CalendarFiles/201506011725FER15710-002.pdf
Mochedule2lisashb2 YLRYSYd 2F L{hQ& h! ¢¢ IyR NBLNBaSyia StOK AYyRAC
conditions for its provision of local service.
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conditions behinethe-meter generation can be used to lower Local Network EGaghile in
another instance a transmission owner explicitly prohibits the use of any beheeter
generationto be used to lower Local Network LoHd.
SOl dza S-th&¢ v SKENWIRASYSNIF GA2y¢é Aa y20 RSFAYSR lyesK
Services Tariff (or by ISTE or FERC), HG&E suggestsalsatution would be to receive a rulingr

clarification fromISGNE and/or the transmission ownetbat energy storage systems are not
GO0SKHhHeyy BRGSNI ASYSNIGA2ye¢e | aaSiao

Every stakeholder group identified cost and financeability as a challenge for energy storage, but each
groupidentified somewhat unique issues:

9 Utilities identified ownership rules, business models, inability to capture multiple value
streams, lack of clear valuation metrics, limited smart grid infrastructure, and modeling
fAYAGFGAZ2YyaAa Fa YFr22N) OKIftfSy3asSa (nhatlsioragRA NB O f
benefits exceed costs.

9 Utility stakeholdersand energy customersdentified the economics of energy storage and
the difficulties with monetizing all the potential value streams storage can proVidese
difficulties can limit potential storagapplications.But, they believe the rapidly declining
cost of storage will assist in enabling more applications

9 Otherenergy customershat participated noted the complexity of contracts and difficulty in
understanding the value proposition as key himites to adopting storage. They
recommended that the developers and technology providers simplify and better clarify their
2FFSNAY3IaA YR GKS Odzali2YSNRA S@Syldzt o0SYySTAi

I Competitive supplierslisted cost and ability to finance storage at the top of thest bf
barriers to wider scale adoption at the retail lev8takeholders point to needing a better
understanding and reliability of the value proposition and revenue streams in order to
finance energy storage systems at reasonable rates. Otherwise, in@tcing costs make
investments unjustifiable economically.

9 Distributed Generator& DER Provider/Developersequire better understanding of the
value proposition and revenue streams in Massachusetts in order to finance projects at a
reasonable cost of morye(versus typical market rates) and pay +@slusted interest rates.

The California Renewable Market Adjusting Tariff-NR€E), a feedn tariff incentive
program, was noted as a successful example of a market responsive incentive stttfcture.

Y29 p3ps DNBSY azdzyillAy t26SNRa { OKSRdz S H mionfall bgtnddhed S a4 LISOA T A
YSGSNI ISYySNY A2y dzyAlia gAGK | OFLIOAGE INBFGSNI GKEY 2NJ Sj
occurring at the time of the transmission peak will be added to the metered load of the Network Customer for
purposes oD £ Odzt  GAy 3 GKS bSig2N] hitprieisoSdd@@/steai2 OF t bSGg2N] [ 21
assets/documents/regulatory/tariff/sect 2/sch21/sch 21 gmp.pdf

WhSy 9yIftlIyR t26S5NDa { OKSRdzAE S Hm RSTAYSa bSGe2N] [2FR Fa i
behind the meter) to the PTF, N@TF or Distribution Facilities of NEP or its New England Affiliates either directly or
through Distribution Facilities or No#TF Facilities of other entities that a Network Customer designates to receive
Local Network Service under Schedule 21 and this Schédude/www.iso -ne.com/static
assets/documents/requlatory/tariff/sect 2/sch21/sch_21 nep.pdf

14 cpUCRenewable Feeth Tariff (FIT) Prograruly 25, 2013http://www.cpuc.ca.gov/feedintariff/
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i1 DER Provides/Developersalso cited that administrative costs of obtaining a loan for a
project are the same regardless of the size of the project, making smaller projects more
difficult for developers to build. They noted that while technology and market maturation
will invariably lead to standardization and simplification of smaller projects, as well as
streamlined financing and lower administration costs, support could be provided for small
projects in the interim to ensure that C&l and residential market sectogsdaveloped in
tandem with utility and wholesale opportunities.

9 Energy System Manufacturers/Integratoraoted the lack of small project finance as a
barrier, and highlighted the need for more investment in technology developm&nather
challenge is thiacreditworthiness of counterparties is oftam-establisheddue to the size of
company and short time since inception, making financing difficult.

f Technology developeis dzyf A1 S 20GKSNJ adl1SK2ft RSNAR>X R2 Y7+
barrier in terms ofunfavorable tariffs, or inadequate or neexistent revenue streams or
business model. They define it simply as the lack of funds to help bring a technology from
ws5 G2 YIEIN]JSOGd ¢KSEBQNB AYiSNBalSR Ay YSOKIF YA
becomes attractive for a manufacturer to purchase it or license it, or accepted in a utility
demonstration.

An overarchinghallengeidentified byall stakeholdersis the reliability and certainty odiccess to,

and the magnitude ofboth long and short term revenue streams. Thenstantly changing
regulatory and policy landscape brings the bankability of value streams into question for financiers.
Regulatorycertainty wouldprovide a longerm policy signal andead to reduced risk aheasier
financing.

The Eversource utilitiasat least for larger commercial and industrial customecharge for
transmission service based on the monthly peak demavrtdle smaller commercial and residential
rates charge for this service based &Wh corsumption (National Grid and Unitil uséVh
consumption for the determinant for all customer classeBnergy storage could help to reduce
transmission charges by shaving peak demamthere the transmission charge is consumption
(KWh) based, energy storagaould not be beneficial foreducing transmission charges. The
addition of storage might increase transmission charges in this case due the increased consumption
for charging

However, i is ambiguous whether demand management could be used to redaosrission costs

due to the ISGNE policy of loadThe tariffimplies that load reductions either intentional or
unintentionalt from behindthe-meter resources would be added back to determine the
transmission charges for the network customéitility tariffs, however, state that the transmission
charge is based on the monthly registered peak demand and do not specifically state that an
adjustment will be made for behinthe-meter resources that offset what would have otherwise
been the monthly peak.

Additional modeling is required to identify incompatibilities between revenue streams in
Massachusetts and formulate recommendations on how to address themisThigher addressed
in Chapters 57 and 8

Competitive supplierexpresi SR 1SSy Ay iSNBald Ay ltft2gAy3 Odzad2
who act as both consumers and producefhe continued adoption of distributed generation
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(primarily rooftop solar) and advanced metering and monitoring technologies create the framework
for an environment in which utility customers are no longer simply consumedg/bf Instead, they

may establishan interdependent relationship with the utility company in which at certain times of
the day they are consumirigVh and at other times commgd to provide power to the grid.

UCI Campus
. Public Charging Station

Figure3-1: lllustration of Irvine Smart Grid Demonstration Project (Source: EPRI / Southern California Ejdfson)

3.2.10 Availability of and Access to Advanced MeteringGarstomer Data

Competitive suppliereand DER providersite the hck of advanced meterindata andaccessibility

(or lack thereof) of existing data as key hindrantesbtaining customer datathat is sufficient to
process andlevelopaccurate customer vakiproposition models. Frequently, at least one year of
historic customer load data is necessary to generate an annual estimate of savings and revenue for
an energy storage customer. With increased transparency and data accessibility of utility customer
load data, providersvould beable to provide customers and financiers with greater certainty of a
LINE2S0GQa SO2y2YAO OAlFLoAfAGED

3.2.11 Data Availability on Locational Benefits and Constraints

Utilities noted the lack of location specific information as a barrier to providing locational incentives.
Before initiating an interconnection study, they may be unaware of a locational system constraint
and therefore unable to provide guidance to developers,\@reto their own system planners.

Wradzi KSNY / FEAT2NYAL 9RA&2YS {/90Q& ¢NI-y1a2003(01A 0SS 9ySNHe 585Yv2

http://www.gridwiseac.org/pdfs/workshop 121013/yinger escgwac wkshpprest2013.pdf
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Sme customer and grid services @fergy storagere only possible in specific siting circumstances
and locations These benefits could accrue to the customer (demand charge management, reliability,
time-of-use rate managment and power quality) or the grid (transmission congestion relief, T&D
upgrade deferral, power quality, voltage support, etc.)

For example, a utility may experience capacity constraints in high demand areas during specific peak
periods a few times dumig the year.This situation could be solvéflenergy storagevere deployed

at one or morecustomergxites in the congested area and could effectively mitigate toamstraint

when necessarywhile providing other services to the end users at other timenlthis case the
storagewould be able to capture botbustomer and grid value streams

However, with the exception of 8S 6 LINRP 2S5 0iG a 0 a S 8%ag anlemfge), eupentn w  LINE
regulations, utility business models, and lack of information prevent-utdity owned energy

storage systems from providing (and being compensated for) locational grid services. In reality, the
opposite is often truerather thanprovidinga revenue stream, the locatiothoice may actuallgdd

to project cost. For example, mject developers and distributed generatomsften seek to

interconnect pojects in a constrained aredthough the developer has no way of knowing this
beforehand) After much time and investment, the utility may request payment from the developer

for sysem upgrades to ensure the constraint is not worsened by the energy storage system before
approving the interconnection application.

Project developers, including wholesale market participaats] distributed generatorsencourage
utilities to share locatinal value or constraints, and increase the transparency of the distribution
system. For utilities and other stakeholders to effectively structure and monetize locational value,
both long and short term transparency is necessary. If developers have daocdgsational,
distribution system constraint data, they could avoid siting projects in areas that would require
traditional distributionupgrades, the interconnection process could potentially be streamlined, and
ratepayers could potentially save moneayhich isa key priority for surveyed utilities.

Moreover, thislocationalinformation could also be utilized to explore revenue opportunities. Where
ownership rules allow, utilities and other stakeholders could exploratitization of storage assets
in which both the customer and utility receive a benefit.

Using energy storage to incorporate renewable energy was ranked as a high priority for utilities and
distributed energy resource developers. Eaelstheir own perspective

Several Massachusetts utilities shared their plans to use energy storage at the distribution and
customer levels for renewable energy integration. MLPs are "sdyiolooking into energy
storage™’ at the MW:scale for their distriblibn systems.Several renewable energy developers
discussed using energy storage-looated with renewable energyprojects as a valuable risk
mitigation tool for intermittent capacity resource&xamples shared during the stakeholder input
process are desitred in detail inChapter 5.

18 SMUD, 2500 R Midtown Sacramento Municipal Utility District; April 28, 2014;

http://smartgridcustomereducation.com/presentations/SGCE$eJimeneSMUD. pdf
WyS@Gry {dA t AQLYyS 1 aaradlyd {dZISNAYyGSYRSyiGs 2 Sf tupcalf S& adzy i O
on 201511-30
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OEnergy Storage is an important tool for utilities in addressing the challenges of intermittent P\
generation. A solution to address voltage fluctuations will make it possible for more facilities to
on line at the substabn with a relatively less complex interconnection study process and lower
system modification costse

- Eversource, Grid Modernization Plan 201519, p58

OWe aggressively work to identify ways to expand our caiffbes portfolio and improvefficiency
and resiliency on our electrical grid. For several years we have viewed energy storage as a
means of doing just this and have conducted substantial research to that éxtent.

¢ Anonymous Utility Representative

While batteries are most frequently thought of when the topic of energy storage arises, there are
many other technologies with a wide variety of performance characteristics, costs, safety and siting
considerations, and optimdJse Case Energy storage manufacturemthiough, observe that not all
energy storage technologies have an equal seat at the table. Most notably hydrogen and thermal
energy storage providers identified undepresentation of their respective technologies in the
industry and market conversatiohey noted thatechnologyagnostic solicitations and incentives
that value services and performance, regardless of what technology is deplegett help address

the issue

While some technologies are considered by many to be fully emerged and commercially ready for
adoption, like batteries other storage technologies ared SG G SNJ Of A a A B &R | & WS¢
promising for the futurewith proper support. Pilot projects were idéfied as a key enabler of
commercialization, butechnology developers, energy storage manufacturers, utilities, distributed
generators and project developersidentified several priorities and challenges related to pilot

projects including:

9 Difficulty insecuring funding to build the first demonstration project for a new technology or
application, causing potential financiers and buyers to be very reluctant to finance
Gdzy LN @Sy ¢ (GSOKy2f23ASao

1 Lack of adequate competition in demonstration project solt@itas where one technology
type is favored over others.

1 Lack of information and understanding regarding technology performance for immature
technologies, as well as a lack of independent verification of such information.

9 Lack of utility operating experier, leading to high soft costs of implementation.

One stakeholder recommendethat establisling a pilot program that funds emerging energy
storage technologynd testsUse Casewould address the priority areas listed above. Technology
pilots could limit exposure totechnology risk angbrovide an opportunity tatest applications that
may not be cost effective today, but may bemmercially viablén the future. This would allow
newer companies and technologies to gain experience and prove their techeslaghile allowing

all stakeholders to learn from other projects before taking risks on building their own. Importantly,
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solicitations and awards should be competitive and technology agnostic and the pilots should be
well designed and documented to provitlee best possible data.

0A two phased approach should be adopted; first initiate the market with a target, then work o
getting rules in place to ensure thidtere's a long term opportunity

- Anonymous DG Developer

The purpose of the interconnection study process is to ensure safe and reliable interconnection of

the distributed energy resource (DER) on the distribution grid and to determine whether
infrastructure upgrades are needed to accommodate the interconnectirgpuee. However,

according to DG stakeholderthe interconnection processes in the Commonwealth are currently

not in alignment with the operational profile and capabilities of the interconnecting energy storage
resource(SeeTable3-3F 2 NJ 'y AffdzaliNI GA2Y 2F bl GA2Yylf DNRARRQ3
process) Developers identified four broad operational profiles for bekihd-meter energy ®rage

resources, which are based on their export capabilities and configurations:

1 Systems that operate only when grid power is down and do not export to the grid

1 Systems that operate in parallel with the grid but do not export to the grid

1 Systems that opate in parallel with the grid with limited export to the grid

1 Systems that operate in parallel with the grid and operate independently of load, with full
export capability

Each of the above operational profiles have different impacts to the grid and forerevarrant
different interconnection review processes, according to DG stakeholders. Specifically, energy
storage system operational profiles with no export or limited export to the grid present relatively
fewer concerns to utilities of reverse power Mils that may jeopardize the reliability of the
distribution grid, as compared to those with full export capahiitfTherefore, DG stakeholders
believe that the operational profiles with limited grid impacts (i.e., #port and/or limited export)
shouldhavean option availabléo undergo a quicker interconnection process, whereas operational
profiles with full export capability should be subject to a more detailed interconnection review to
ensure grid reliability.

18 Emergency generators are not requiredftdlow the utility interconnection process because they are configured to

operate only in island mode (i.e., they never run in parallel with the grid).
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Expedited Standard
Eligible Facilities Listed Inverter DG Eligible Facilities Any DG
Acknowledge Receipt of Application Acknowledge Receipt of Application
3 day: :
(Note 2) (3 days) (Note 2) (3 days)
Review Application for Completeness Review Application for Completeness 10 days

10 days

Complete Standard Process Initial 20 day
Complete Review of All Screens 25 davs Review ays

. Send Follow-on Studies Cost/Agreement 5 day
Complete Supplemental Review (if 20 days or Standard Process 5 days

needed) (Note 3)
Complete Impact Study (if needed) 55 days
Send Executable Agreement (Note 4) 10 davs
ays Complete Detailed Study (if needed) 30 days
Construction Schedule By Mutual Agreement Send Executable Agreement (Note 3) 15 days
ACIEE Ao Construction Schedule By Mutual Agreement
Total Maximum Days (Note 5) -1;!’6;:: g?ys
(Note 3 Total Maximum Days (Note 5) 135/200 days (Note 5)
. - . < 1 day with 10 day notice or by
Notice/ Witness Test mutual agreement Notice/ Witness Test 10 days or by mutual agreement

Table3-3: Overview of Expedited and Standard Interconnection Process (Source: National Grid )

At the same time, even for full export operational profiles, energy storage systems could be
configured to operate on highly congested @ises or during peak demand hours that improve grid
reliability, in which case such systems could also be subject to an expedited interconnection review
process. With standardized and papproved configurations across certain locations and times,
these ful-export systems could also be subject to expedited interconnection review. For this to
occur, however, the utilities will need to work with DG stakeholders to conduct a locational benefits
analysis for siting DG along highly congested or overloaded tinfcasre, to conduct a net load
analysis to identify timef-use periods for peak demand, and to make the data from the
aforementioned analyses available to DG developErs

DG stakeholders also identified the lack of enforcement of the cost and turnartoned of the
interconnection review proces3® One developer recounted an instance where the servicing utility
identified $1 million in necessary upgrades to approve their project, after already having invested six
months and $25,000 in the interconnectioeview process. More efficient use of resources and time
could be accomplished by providing added transparency to the costs and timeline for different
interconnection review processes. With this information provided in advance of the interconnection
review process, developers will be afforded greater cost and time certainty in their project
development and may even configure their systems to the standardized anéppreved
configurations to take advantage of expedited review processes.

Lastly, developers ft 42 KI @S | €t 01 2F dzyRSNEUOIYRAY 3 I NBdzy
interconnectioE a4 ¢Stf Fa (GKS L{hQa I LILINE Ther aréitBreeA y i S ND
different interconnection processes for the 1I0Us|. B, and the 1SO. Theslfferences need to be

clarified publicly and processesahd be put in place that allo@nergy storage systems to advance

through interconnection study processes that cross the jurisdictional divide between wholesale and

retail.

119
120

The USDOE funded Fraunhofer grant will explore the potential for a-aeek interconnection review picess.
For a description of the existing timeframe enforcement mechanism required by #ssadhusetttegislature, see
DPU 1175F; 1528; 1529; 1530; 1531.
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For certain technologiesodes, standards, and regulations (C&R)energy storage currentliag
behind in technological development. CS&Idress components, entire assembly, installation,
commissioning, operations and maintenance, incident response, system transport, and end of life.

Competitive supplierand project developersote that the lack ohpplicablestandards makes siting

and installig energy storageat customer locations difficult. Current building and fire codes that
address energy storage (and the disparity in jurisdictional adoption of those that do exist) provide
limited guidance to officials responsible with ensuring the safdtguchsystems. This uncertainty

for every stakeholder results in slow (or failed) permitting processes, added expenses for redundant
safety features and/or fire protection systems, and creates doubt as to what actually constitutes a
Osafe energy storageystem.

Utilities and technology manufacturergentified clarification and implementation of performance
and testing protocols and interoperability standards as key priorities/solutions to help addgRs

dzy OSNIFAydeo 9t wlLQa oyhdiREecuréniy2veikidgSto deyeldS Sidhl G A 2 y

LINRG202fa FyR adlyRFNRa GKFIG O2dZ R 6S NBOAASR
stakeholders.

Utility stakeholders recommended an exg@on froma comparative analysis between conventional
resources versugnergy storage alternatives tone comparing the cost effectiveness afbroad
range of nomwires solutions (including energy storagegrsusconventionalresources Utilities
should beencouraged to explore a variety of n@oenventional technologies, particularly as the grid
evolves from a central station model to a more distributed future.

An additional stakeholdersuggestion encouragesthe state of Massachusetts to consider
RSOSt2LYSyd 2F | GSad trod DA@GSY alaal OKdza S
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utilities and to storage technology companies alike. The wind blade test facility operated by
MassCEC could provide a working model for such an energy storage test lab.

Utilities also recommencdd consideration of gricconnected energy storage alternatives for EV
chargingtegration.

Customer stakeholder requests for regulatory clarity on energy storage asset classification and
reconstitution of loads expectedo continueto surface as an unresolved issue.

The above stakeholder engagement process showed angtiaterest in energy storagelhe
stakeholdersidentified many applications for storage to address energy challenge®kprtessed
concernghat current regulatory and policy frameworks cand docreate barriers to development.
The market is still at asarly stage due to a lack ahiform and streamlined policy frameworks, as
well as uncertainty regarding market rules and energy storage value streSesgeral DER
developers have expressele viewthat there are no clear drivers for developing energyrage

121 EPRI, EPRI Energy Storage Integration Council (ESZjwww.epri.com/Pages/EPREnergyStoragelntegration

CouncH(ESIC).aspx
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projects inthe CommonwealthSeveral key regulatory barriers must be addressed atttte level
in order for storage market development to take place in Massachusetts

Stakeholdersexpresseda desire to better understand thevalue streams of eneyg storage.
Additional cost benefit analgs ofenergy storagdJse Caseis necessary to understand the primary
revenue streams of energy storagehtassachusettas well as the depth of certain markets.

Overall, the active engagement of a broad range takaholders revealed great interest in and
excitement about the prospects for energy storage in the Commonwealth. Stakeholders provided
important guidance on the issues, barriers and concerns they face that today prevent or slow the
increased deploymentfaadvanced energy storage installations. Stakeholders provided substantial
input to the Sudy Team on the nature of the barriers and concerns and their relative importance, as
well as identifying which concerns they felt would be amenable to influence by Massachusetts
policymakers and thus merit prioritized attention for policy recommendatifmasn this Energy
Storage Initiative. This input was used to influence the recommendations highlighted later in this
study.

CKS F2ft2Ay3 OKILIISNAE NB@GASg GKS Ylye | LLIX AOLDG
energy challenges and describe the madktost benefit analysis for both a system of storage assets
and also specifitlse Case
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This chapter presentsptimized modeling results suggesting that the Massachusetts electricity
system could cost effectively utilize a large amounttofage, an estimated 1,766 MW, by 2028t
current costs, projected by yearhé capital cost to deploy 1,766 MW of storage couldifo¢he
range of $968M $1,355M, and theotal value of storage over 10 yearsuld be arounds3.4 billion.

In addition to economic savingie model projects amlmost 10%eductionin Massachusetts peak
demandas well asenhanced integration of renewables witln estimated reductionin CQ gas
emissions ofL.06 MMTCG@e. These results are based on an analgdishe electric grid system in
Massachusetts and ISE, and do not take into account the future changes that may need to occur
to existing constraints such as regulatory policies and value recognition by various agencies, nor
does it consider the time tbuild the systems under actual conditions. Nevertheless, as described in
further detail, these results clearly indicate the real and multiple benefits that energy storage can
provide to the Commonwealth.

Alevo Analytics, a sutontracted consultant with a primary focus on advanced analytics in the
power and energy sectors, completed the modeling effort for this stldy.this storage analysis,

the consultant used a model that incorporates multiple datessecluding the complex structure of

the electric grid, the physical characteristics of multiple types of storage systems, and predicted
changes in costs and revenue of storage, fuel prices, and demand over time. This simulation effort
can represent angized power grid, ranging from smaller local systems to largesdale systems

with thousands of generation units and transmissimodes Using this combined, extensive data

set, the model identified specific locations and quantities of storage thraughiple iterations of
capacity and production cost optimization.

The goal of the modeling effort is to demonstrate the potential benefits that energy storage can
provide in Massachusetts. These benefits include: reducing the price paid for electricity
consumption, reducing peak demands, deferring transmission and distribution investments,
deferring capital investments in new capacity, reducing GHG emissions (reducing the effective cost
of compliance), increasing renewable penetration, and increasig ttH NA RQ& Ff SEAOAf A (i &
resiliency. The model can quantify benefits that both represent revenue streams to the owners and
operator of energy storage technologies and system wide cost savings for Massachusetts ratepayers.
A project owner willneed revenue to justify investing in a storage system but once that storage
system is developed and can address Massachusetts energy challenges, the system operates more
efficiently, creating cost savings to all ratepayers. These benefits are not dmubieed and under

most traditional business models a storage developer cannot monetize system benefits to fund
investment. More discussion about how projects can be developed taking into account both
revenue and system benefits can be found in Chapter 5

The modeling results identify specific locations where energy storage of varying capacity and
duration could cost effectively benefit the grid considering real tanergychallengesThe general
methodology for thisanalysiswas achronological capacity optimization modebmparingenergy
storage technologiewvith other capacity technologie§ he results were thefied into a production

cost optimization modelvith the resultsthen fed back into the capacity optimization modielr
further refinement. To begin the modeling proces#levo Analytics identifiedhe candidate
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locations for energy storage deployment in Massachusetts using indastgpted models,
practices, and simulationsThe @timizer site identification processarrowed down from 1400 to
250 different load points in the Massachusetts electricity system

After refinement through both theproduction cost optimization modeland the capacity
optimization mode| 78 sites were selected for energy storage deploym@ie moe| determined

the optimal storage siz€gin MW/MWh) at these locations at current projected co$hese site
account for in aggregatel,766 MW/2,125 MWh of energy storagéhat is most beneficial to the

rate payers. The optimizer indicates that the mbshefits could be attained if storage is deployed
earlier than 2017, however, in order to account for the amount of time it takes to develop a grid
connected energy storage project, it is recommended to spread the deployments over five years
(20162020)

This fiveyear deployment recommendation has the benefit of using future lower projected energy
storage costs of technology and thus greater benedist ratios. Even with the build constraint, the
modeled deployment is likely in excess of what could basoaably deployed even with an
aggressive ramypp in installations. At currentosts, projected by yearhé capital cost to deploy
1,766 MW of storage could ke the range of $968M $1,355M, and theotal value of storage over

10 yearscould be arounds3.4 billion.

Storage can provide both direct benefits to the storage developer in the form of revenue but also
system benefits to the ratepayers in the form of cost reductions. In order for a merchant to make an
investment in torage, generally the revenue from the technology has to outweigh the capital
investment cost.

In additionto traditional direct merchant benefits, storage can also increase the efficiency of the
electric system, reducing costs for all participants whetb®rage owners or not. This benefit is
generally seen as lower electricity costs for ratepayers. As described in detail in Chapter 2, storage
can flexibly balance generation and demand to increase overall energy system efficiency. This
increased systemfficiency creates lower costs that are passed onto customers as lower prices. For
example, if an entity develops an energy storage system in a load constrained area for their own
energy arbitrage benefit, not only does that developer receive sales revbaotieatepayers see
lowered prices. This ratepayer cost reduction can be caused by deferring the cost of a new
transmission line into the load zone to meet an ever increasing peak demand or it can be an energy
cost reduction created by the increased comgeti in supply suppressing prices. Either way,
ratepayers see a benefit from that storage development and the storage project developer sees
revenue from the investment. Neither the value to the storage developer nor the system benefits
are double counted.

Energy efficiency benefits are considered in a comparable way. A homeowner or business will
consider investing in energy efficiency in order to reduce their own energy costs. This is similar to
the direct benefits that flow to a storage developer. Asgas the direct benefits from the energy

efficiency measure outweigh the capital costs, the resident, business, or developer are justified to
invest. After investment, the increased energy efficiency not only saves money for the resident and
business but lso for all ratepayers. Energy efficiency decreases overall demand for the system,
deferring infrastructure investments that would have to be paid for by all ratepayers. Because all
ratepayers see these investment deferrals as a cost reduction, it iimtarest of all ratepayers
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that policy makers pursue an energy efficiency program. Providing rebates or incentives helps
customers implement energy efficiency measure, reducing overall system costs.

In the modeling result®oth the direct sales benefitand the systenwide benefits are presented

stacked togetherand compared to cost. This represents the idea that if the total combined benefit
FNRY GKS aid2N}3S RSOSt2LIVSyd Aa ANBFGIGSN GKIYy (K¢
to be ceveloped. First, a developer will compare the capital costs to the potential revenue. If this

value is greater than one, the developer will invest. But there are some situations where the direct
revenue will notbe greater than cost and the project will hdde developed. In these cases, the

potential system benefits will not be realized. In order to capture those ratepayer benefits, there

needs to be a mechanism that allows the developer to monetize some of the system benefits. More
discussion on the existly and potential mechanisms to close the revenue gap and capture system
benefitscan be foundn Chapter 5.

The modeling and optimum utilization of energy storage in the state of Massachusetts shows that a
large amount of storage could be beneficial amstceffective to the rate payerd.he total 10 year
value of 1766 MW of storage is estimated to 1$8.4 billionfor Massachusetts which includé2.3
billion in system benefits to rate payers a#il.1 billionin potential economic value of market sales.
The deployment of 766 MW energy storage by 2020 will provi@ig50 millionin additional regional
system benefits to the other states in ISE, yielding consistently lower annual average energy
price across all ISNE zones. In addition to economic sagifthe model projects aralmost 10%
reductionin Massachusetts peak demard well asenhanced integration of renewables witn
estimated reductiorin CQ gas emissions df.06 MMTCGge. There are several other benefits to the
guality of life and propertfrom increased system resiliency as well as economic impacts that have
not been quantified in this chapter.

The following sections in the chapter describe the inputs, outputs and optimization that was
undertaken to determine the amount of storage that whiting optimal benefits to ratepayers.
Thesebenefits result from the above energy storage deployment scenario over five. yBagscost
range isdue to the potential for regional cost differences for storage and the variability in the
projected declinen storage cost.

The interconnected nature of the electricity systems with hundreds of generators spread over a vast
region and thousands of miles of transmission and distribution networks with system conditions is
changing every minte and needs advanced analytics to model the systems of the future and to
understand the changes over several hours to over several years to find the most optimal solution
for a given systemTraditionally deterministic planning methods based on sretpt power flows

and peak power flow conditionsere sufficientfor planning a transmission and distribution system

for electricity, but these methods are no longer sufficient ptan a system withdistributed
resources. The traditional planning processes ae®olving with enhancements to reflect the
eventualities and realities that distributed resources are forecasted to provide. The main paradigm
shift in planning and modeling of traditional practices versus methods for distributed resoisrces
that, with distributed energy resources, renewables, and emerging technologies, enhancements to
grid planning are taking shape plansystems based on how they will actually be operatedute

to minute and hour to hour, and not just with snapshot povilerw analysis Thisshift takes into
account more chronologic characteristics in long term planning such as intermittencyamgncill
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services, net peak load reductioautages, and moving dynamic voltage and frequency controls to
the distribution systemsrad demand centers

Figure 4-1 highlightsthe many potentialUse Casgand value propositions of grid-scale energy
storageand demonstrates how the deplyment of energy storage can impact the entire electricity
supply chain of generation, transmission, distribution, and demand.

GRID-SCALE ENERGY STORAGE USE CASES
AND VALUE PROPOSITIONS

AN //\ NHh

Transmission Lines
Substations
Distribution Transformers |

Generation Systems

Industrial Peak Shaving
Premise Energy Storage
Back-up Energy Supply
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Capacity Credit
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Figure4-1: PotentialUse Casgand Value Propositions of GH8caleEnergy Storage

Distributed StorageResourcegan provide several benefits to the system where they are deployed,
including:

1 Reduced costs to ratepayers

1 Increased reliability of demand centers

9 Accelerated renewables integration

1 Optimization of T&D assets

1 Optimization of Massachusetts impottansmission asse{HQ, ME, NY and other New
England states)

Minimization of transmission development in state, such as to the Cape.

Reduction oemissions

= =
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Alevo Analytics is a consultatitat applieseconomic and reliability baseahalyticsand simulation
capabilities, business intelligence and advisory services with a primary focus on the power and
energy sectors. Alevo Analytics uses its supercomputer system with a team of exg@jtexamine

large amounts of data regarding the performance of the generation and transmission assets that
currently make up the grid(2) collect and aggregate this data, ar{@) provide planning and
operational analysis which then is used to predict where the poteshiaftfalls and inefficiencies in

the grid are today and where they will be in the future. It has the capability to model the system
with distributed energy resources and optimize the size and location of storage for several different
Use Casebased on th relative cost of technologies amal show system benefits.

The Alevo Analytics power market modeling tools are extremely scalable and allow for simulations of
any sized power grids, ranging from small to medium sized local and regional systems follarge
scale systems with thousands of generation units and transmission nodes.

The model is built to investigatthe use of storage in a variety dfse Case including peak
reduction, integrating renewables, outage mitigation, and improvgrg efficiency The model
covers generation, transmission, disuitibn, and enduser applicatios.

The modeling and optimization scope for Alevo Analytics includes:

1 Determining the distribution of energy storage locations across the state of
Massachustts that will achieve maximum benefits to ratepayers.
0 This required Alevo Analytics to quantify the storage by transmission,
distribution and/orbehind the meter applications.
1 Determining the optimal storage in KW and KWh that will add maximum bereefit t
ratepayers with energy storage technologies at different costs.
0 This required Alevo Analytics to qualify and quantify energy storage in KW and
KWh that can achieve the benefits at different costs of technologies.
1 Quantifying the reduction in GHE&missions that can be achieved with the optimum
level of energy storage deployments across the state.
1 Finally, quantifying and estimating thest savingsind benefits taVlassachusetts

As shown inFigure4-2, the Alevo Analytics model determines where the storage resources will
provide value throughout the statallowingfor storage installations ofarying sizeand duration at
different locations For each substation, the algorithm determines the optimal amount of energy
storage by MW/MWh. The model quantifies the benefits of the storage resource at the substation
level. The output of the model identifies whettee cost of the storage is less than the betgefo

the system and there ia reduction in wholesale costs.
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Figure4-2: Advanced Storage Optimization Model/Process

The data utilized for the model is arsilation ofthe ISGNE markets that coptimize energy and
ancillary services subject to transmission thermal constraints with detailed Massachusetts specific
generation, transmission and distribution dafhe simulated model includes an import and export
flow model to represent thénterfaces with NYISO, IESO, Hydro Quebec and New Brunswick Power.
The existing generation resource nficludng all installed pumped storage in 9@ is used in the
simulation The modealsoaccounts for the generatioretirements and additions during the study
period. The inputs to the simulation weneviewed and carefullyefinedto ensure they accurately
depict the resource mix. Throdel was benchmarked for 2015.

The Alevo Analyticstorage capacity optimizatiowas then executed to answer the questions of
where, how much, and whestorage should be deployed for each location. The next step involved
further testing of the datawith hourly and sukhourly production cost simulati@of the dayahead

and reaitime marketsin orderto evaluate differenlUse Case

4.6.2 Energy Storage Technologies

Energy storage technologies not only come in different shapes and sizes but also vary by the medium
used to store energy. Based on the medium used to store energy, the follogiffegent
technologies with characteristics as defined in the table were included in this analygis.
technologies hat were consideredn this study includindg.ead Acidattery, CompressedAir Energy
Sorage (CAES), Sodium Sulfur battery (Naiium lon battery (Lilon), Sodiurmon battery (Na

lon), Flow battery, Sodium Nickel Chloride battery (NaNiCl2), Nickel Cadmium battery (NiCd), Nickel
metal Hydride (NiMH), Thermal Storage, and others.

For the purpose of the model, the range of storage techg@swasorganized into four categories
as seen imable4-1.
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Storage .
Duration at
Technology Examples
Full Power
Category
Long Duration 4+ Hours CAES, Flow Battery, NaS Battery
Medium-Long 2 Hours Lithium lon, Flow Battery, NaS Battery
Duration NaNiCLBattery, Advanced Lead Acid
MediumShort oy Lead Acid, Lithium lon, NiCd, NiMH

Duration

Lithium lon Flywheel, Highower

hort Duration Min .
Short Duratio 30 Minutes Supercapacitors, Thermal Storage

Table4-1: Categories o&orage Technologies
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and would be benefial and cost effective based on tpecificassumptionsThe technology

assumptions that define how the model assigns both cost and benefit vategeesented in

greater detail irPAppendix A

The current model of the Massachusetts pavsystems has 1,497 nodes in the zones of NEMA
BOST, SHASS, and WWIASS. Those nodes include the generator substations, transformer
substations, transmission line from and to substations and load substations. The number of load
substations in the mode$i507. In order to integrate more distributed solar generation and optimize
the overall operation and cost for the @dsachusettssystem, Alevo Analytics selected 250
substations to distribute the deployment of energy storage units in the entire state of
Massachusetts.

The optimization selects candidate substations based on values associated with the wholesale
market, and the transmission/distribution systems. It does not take land and space into
consideration.

Among the 250 candidate substations for egye storage, 66 are aggregated substations with
distributed-level solar, while the other 184 substations are selected based on their peak load in a
year. The numerical distribution for all 250 substations in three zones is as follows:

i 83 Substations in NEMBOST
1 80 Substations in SEMASS
i 87 Substations in WCMASS

For each candidate substation, the ratings of transformers are also considered. All candidate

substations are assumed to have available capacity to deploy storage up to immlegtiof 50% of
the peak demand at the candidate substation.
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The geographical distribution of 250 substations is illustratedFigure 4-3. The candlate
substations are close to load points including, but not limited to, the following sites:

Boston
Lawrence
Brockton
Framingham
Cape Cod
Worcester
Springfield
Pittsfield

=8 =4 =4 -4 -8 -4 -4 -4

Scale = 1:2,311,162
196,825.00m 742,192.13m

Figure4-3: Geographical Distribution of Candida®ubstationsin MA™#
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optimization process to determine the most economic candidates for storaggogment. The

capacity optimization then selected the substations out of the candidate pool based on the cost and
benefit analysis. If the deployment of any type of energy storage unit was beneficial at a candidate
substation, this station was selected and the poweployment was optimized in units of MW.

Step 2: The ptimization tool calculate the necessary size of the energy storage deployment to
minimize the cost to ratepayerand quantifiesthe net benefit of deployment to the system without
considering the ast of storage deployment.

Step 3: The tool theguantifies the storage by transmission, distribution and/or behind the meter
applicationsTo do this, he capacity optimization algorithionsiders the following parameters:

T Minimization ofwholesalemarket costs

1 Minimization of Massachusetts emissions

122 The base map used for this figure is taken from the OLIVER: Mass GIS Online Mapping Tool and the red candidate

substatons are selected using the New England Geographical Transmission Map substation points as a reference.
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Increased utilization of transmission and distribution assets

Minimization of incremental new transmission assets

Increasing resiliency with wide scale transmission and distribution and generation
outages

Minimization of requirements for peaker power plants

Stress testing with varying levels of power demand, fuel price, and renewable
deployment

= =4 =

= =

The objective function of the production cost optimization determines the least cost system
operations including generation cost, emission cost, and cost of lost load. These considerations are
subject to maintaining system reliability of operations in nter of transmission line flows,
ASYSNI G2NEQ LIKeaaolt fAYAGIGA2yaT LIRG6SNI o fl yoO!
generation fleet.

The production cost optimization with unit commitment and economic dispatch algorithms was run
at hourly intervds, representing the daghead market, and subourly intervals, representing the

real time market, to demonstrate the operations of the energy grid throughout Massachusetts with
the deployment of energy storage systems at transmission and primary disbribstations. The
production cost studies enforce the transmission thermal constraints as well as many other system
constraints.

Hourly and suthourly production cost simulations were further executed for model uncertainty
such as demand risk, intermittey, and outage risk of resources and transmission. Stochastic
distributions were then prepared demonstrating thdése Case for the systemic deployment of
energy storage and how distributed energy storage provides flexibility to respond to uncertainty of
system operations.

Based on the transmission infrastructure, solar integration, and demand profile of Massachusetts,
the Capacity Optimization tool selected 78 substations for storage deployment. The capacity and
production cost optimizatioresulted in broad groupirgyof the size of the storage into different
components of the electrity supply chain irMassachusett@and yielded a 66 MW/2125 MWh
deployment of energy over the study horizon to give the most benefit to the system.

The optimization results demonstrate a grided for both short duration high power energy storage
and long duration energy storage. The use of short duration, high power energy storage, where
feasible, will result in a lower cost and higher flexibility of the electricity syskeguie4-4). Energy
duration of the storage can be extended by decreasing the power output for a given installation of
MW/MWh ratio.
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Figure4-4: Distribution of storage in 2020 by power and energy
4.8 Assessment of Benefits

This section discusses the quantified and qualified benefits of energy storage deplogsnesutt of
the optimized storage program results

4.8.1 Massachusetts Benefit Analysis

The modeling results shothat by adding 766 MW of energy storage by 2020, there willdb#otal
10-year storage value of $3.4 billion, where $2.3 billion comes from system bengfitsost savings

to ratepayers and the other $1.1 billion comefrom potential marketrevenue. The deployment of
1,766 MW energy storage by 2020 in Massachusetts would provide an additional $250 million in
regional system benefits to the other New England states due to lower wholesale markes pric
across all ISQIE zone. The categories afystem benefits that storage can provide to the system are
summarized iMTable4-2 below.

The breakdown of $2.3 billion in system benefits from energy storage deployment includes six
primary benefits (1) $275 million energy cost reduction when energy storagglaces thehigher

cost peak generatiowith lower cost energy stored at offeak times (2) $1093 million as a result of
energy storage providing peaking capacity to defer the capital costs of peaker plants and ttezluce
cost in the capacity marke(3) $200 million in ancillary services cost reduction as a resulergrgy
storage reducing the overall costs of ancillary services required by the grid system tiprowggion

of frequency regulation, spinning reserve, and voltage stabilization$18y million in wblesale
market cost reductiomue toutilizing energy storage to provides system flexibility reducing the need
to ramp fossil fuel generators up and down thereby minimizing wear and tear and reducing GHG
emissions(5) $305 million T&D cost reducticas anoutcome of eergy storage reducing the losses
and maintenance of system, providing reactive power suppemgbling deferred T&D investment,

and increasing resiliencand finally (6)$219 million fromincremental benefits associated with
distributed renewable integration due to energy storage reducing the aufsteverse power flow

and avoiding feeder upgradas areas where there are distributed renewable resources.
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_ - Ratepayer
Benefit Description

Savings

Energy Cost Reduction
Energy storageseslower cost energy stored at offeak to replace the use
of higher cost peak generation $275v

9 reduced peak prices
9 reducedoverall average energy price

Reduced Peakapacity

Energy storage can provide peaking capacity to:
9 defer the capital costs peaker plants
9 reducecost in the capacity market

$1093v

Ancillary Services Cost Reduction

Energy storage would reduce the overall costs of ancillary services requ

by the grid system through:
9 frequency regulation $200M
9 spinningreserve
9 voltage stabilization

Wholesale Market Cost Reduction
Energy storageprovides system flexibility, reducing the need to ramp
generators up and down and resulting in

9 less wear and tear $197M
9 reduced start up and shut down costs
1 reduced GHG ens®ns(lower compliance cost)
T&D Cost Reduction
Energy storage
1 reduces the lsses and maintenance of system
9 provides reactive power support $305M
I increases resilience
9 defers investment

Integrating Distributed Renewable Generation Cd’eduction
Energy storage reduces cost in integratitigtributedrenewable energy hy

9 addressing reverse power float substations $21Mm
9 avoiding feeder upgradest substations
Total System Benefits $2,288M

Table4-2: Description of Storage System Benefits
4.8.2 Revenues t&orage

In addition to the benefits to the system from deploying storage, energy storage projects can earn
revenues by participating in the wholesale electricity marketeoergy, reservesand Regulation.
However, this may require thaBONE implements rule changes that enable energy storage projects

123Renewable Integration Cost Reduction is associated with incremental benefits associated with distribution renewable
integration. Larger benefits assiated with renewable integration are already accounted for in the other benefit
categories.
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to participate in capacityand othermarkets as further discussed i@hapter 8.Including all value
streams, he 10yeartotal revenue for energy storage projects could be around $1.1 hillion

4.8.3 System CodBenefit Analysis

Based on the proposed energy storage deployment scenario, thigatapst of 1,766 MW/2,125
MWh storage is estimated as $842 million and, with an estimated 15% maintenance cost included, a
total cost of $968 millionHowever, due to the potential for regional cost differences for storage and
uncertaintyin the projectal decline in storage costi is estimated that there can be around 40%
higher costs thus leading to a storage cost range of $968 million to $1,355 nillimamount of
storagewill add .3 Hllion of quantified systembenefits to ratepayers ovefl0 years.In Chapter 5,
there will be a further description of the resource owner benefits of $1.1 B that are quantified by
market revenues. The market benefits are further discussed in Chaptepsid€ring ratepayer
benefit alone, this analysis leads to a benefist ratio of2.4 as shown irrigure 45. However, the
benefit calculations may yield higher results than the ones displayed here due to the uncertainty in
the input parameters such asdlprices, renewable source availability, and demand growth.

Storage Value Proposition
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Figure4-5: Storage Value Proposition

4.9 Description of theBenefis

The following sections describe the $2.3 B of system benefits that have been identified in the Alevo
Analytics study.
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4.9.1 Energy CodReduction

Benefit Description

Ratemyer Savings
Energy Cost Reduction
Energy storageses lower cost energy stored at -@féak to replace the
use of higher cost peak generation $275M

1 reduced peak prices
1 reducedoverall average energy price

4.9.1.1 Price of Electricity Reduction

Byadding energy storage, the system is expected to seenangy cost reduction of $275 million
Deployment of energy storage units has an impact on the price of electricity inttbkesale
market. The efficiencies gained by storing electricity in off ppakiods result in lower wholesale
locational marginal price (LMP) for enerdyikewise, utilization of energy storage units within

transmission system reduces the congestion of the system as well as transmissiomitisbeslso
contribute to a lower LN®.

ZONAL ENERGY PRICE REDUCTION AFTER ENERGY STORAGE DEPLOYMENT
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Figure4-6: Storage Reduces Zonal Energy Price

Figure4-6 shows the energy price reduction after the deployment of energy storage for the same
zones for each year between 2017 and 2026luding energy storaggeldsa consistently lower
annual average energy price thaithout energy storageacross all ISOIE zoes and years The

most prominentprice reductionisin 2020. Paired-tests'** show thatthis amount of priceeduction

is statistically significant across all {88 zones for 2020Table 4.3hows the mean and maximum
of the hourly zonal price reductian 2020.
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NEMA

BOST SEMA | WCMA CT ME NH RI VT

Mean ($/MWh)| 0.20 0.29 0.27 0.19 0.21 0.26 0.23 0.28

Max ($/MWh) 35.89 [ 27.55 26.34 | 2351 | 103.49| 34.95 | 31.67 | 26.04

Table4-3: Mean and Max of the Hourly Zon&rice Reduction in 2020

4.9.1.2 Storage Benefit for Winter Fuel Program

As illustrated inFigure4-7, the top brown line represents the original system demand without any
energy storage. The use of energyrafge reduces the system demand at peak, as shown by the
flattened dotted blue lineThisreduces the strain on natural gas resources during peak tiDesng

times of natural gas constraints many generators must switch to oil and coal fuel sources which can
increase energy costs and emissiongeduction in peak demandeansduel fuel gnerators see

less switching to oil and coal, contributingradepayer savingand emission reductions

For example, on a winter day energy storage denchargeal at night when the natual gas
consumption is relatively low ange dischargé during the dg time whenmillions of homes have
their heaters on and th@atural gas consumption is higiWhen storage results innecB00 MW peak
reduction for 4hours,there is a0.02 Bcf of natural gas per dagduction The regular Henry Hub
natural gas price is aroa $3/MMBtu However, duringhe winter peak time the natural gas price in
ISONE can reach $35/MMBtu or even higher for the peak days. The white dotteah IFigure4-7
shows the reduction imil and natural gagzonsumption during peak times of the day fraime
addition of energy storage.
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Figure4-7: Impact d Storage on Winter Fueli®gram
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4.9.2 Reduced Peak Capacity

Benefit Description Ratemyer Savings

Reduced Peakapacity

Energy storage can provide peaking capacity to:
1 defer the capital costs peaker plants $1093M
9 reducecost in the capacity market

Addingenergy storage to the system provides an estimated $1093 million in avoided peaking plant
cost savings.

Figure4-8 shows the comparison of demand curves between the case without energy storage and
then after energy storage is deployed for Massachusetts. Storage can be charged at night when
demand is low. During the peak hours, it can be seen that the demand with yeséogage (in
orange line) is lower than the demand without storage (in blue line) because of storage discharging.
This kind of peak reduction (or shaving) can be maximized when energy storage dispatch is

coordinated either by the ISO or by utilities onagedays, to fully utilize storage capability for peak
reduction.
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. B3 e
2 12,000 Almost 10% in
<
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S e { by 2020
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W Storage Discharging BN Stor3ge Ch3rging  ews= NO Storage With Storage

Figure4-8: MA New Demand Curve after Deployment of Enerdgrage

Through such peak demand reductiomeegy storage cameduce or elimate the needs for new
peaking resources and thgsve thecapitalcosts needed for aw peakingplants. Simulation results
showa potential 0f908 MW of peak demand reduction (for year 2020 as showrahbie4-4).
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Peak Demand for Peak Demand for Energr  Delta in Peak % Reduction in

Base Case (MW) Storage Case (MW) Demand (MW) Peak Demand

2019 8,828 8,119 709 8.04%
2020 9,293 8,385 908 9.77%

Table4-4: Change in Peak Demand with the Addition of Energor&ge

The estimated capital cost for a new natural gas combustion turbine peaking plant based on
FaadzYLJGA 2y a | RanuklBBerRyyChtddk YAEO 20150r&port is $973/k\Wom capital

cost point of view,jncluding all developefxosts and profit, a 908 MW peak reduction in 2020 is
equivalent to a $1093 million investment.

4.9.3 Ancillary Services Cost Reduction

Benefit Description Ratepyer Savings

Ancillary Services Cost Reduction
Energy storage would reduce the overall costs of ancillary services
required by the grid system through:

1 frequency regulation

1 spinning reserve

1 voltage stabilization

$200M

4.9.3.1 Storage Provide Reserve Services
Including energy storage would reduce the overall cost of ancillary services by $200 million over a 10
year period.

The ISENE forward reserve market provides include: 10 minute spinning reserves, 10 minute non
spinning reserve, and ten minute operationaiserve. The ISNE Frequency Regulation market
encompasses both an upward and downward Regulation service. CurrentilHS@Bes mostly
natural gas generators and some pumped hydro storage to provide both reserve and Regulation
services.

Through the us of new advanced energy storagecillary servicesan be providedat lower costs

The reduction in the cost of ancillary services is due to the replacement of conventional generating
units that provide reserve services by advanced energy storage sysioesto the nature of
reserve services, the generators that are dispatched for spinning reserves must be ready to generate
energy in a limited time period. To do this, there is a cost associated with keeping the unit at
minimum load so that it can respondithin ten minutes when dispatched. Energy storage systems,

in contrast, have a fagesponse time and relatively lower cost to keep the unit ready for such
services. Switching the provision of reserve services from generators to advanced energy storage
systems also reduces the ramping costs related to wear and tear of the generators. It is worth noting
that to achieve the ancillary services benefits, I market rules would need tme updated to be

able to dispatch energy storage with other dispatchajgeeration in the system.

Moreover, there are added efficiencies with using energy storage for the provision of ancillary
services. For example, when it is charging to provide a downward service, it can also be collecting
low price off peak power for fune use. Figure4-9 and Figure4-10 show the 1,766 MW of energy
storage operations in 2020, including charge and discharge status and ancillary services provisions in
a regular day isummerand inwinter.
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Figure4-9: Summerstack ServiceProvided by Energy Storage Operations

Figure4-10: Wintergstack Services Provided by Energy Storage Operations

The green portion of chart shows the charging of the energy storage and the orange portion shows
the discharge of the energy storage throughout the course of a day. Energy storage is capable of
providing more than one service at a time, such as the simatias charging and forward reserve
service provision as shown Kigure4-10. Note that these combined value streams are captured
separately in the mitiple benefit categories and are not doubteunted.
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