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LETTER FROM THE COMMISSIONER and INTERIM CEO 

 

State of Charge was commissioned as part of the Baker-Polito AŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ LƴƛǘƛŀǘƛǾŜ 

(ESI), an initial $10 million investment that recognizes the potential benefits of incorporating advanced 

storage technologies into Massachusetts energy portfolio.  The ESI aims to achieve the benefits by 

pursuing a multi-pronged approach to establishing an energy storage market structure, building 

strategic partnerships and supporting storage projects at the electric wholesale system, utility 

distribution system, and customer side scale.  

The Study Team comprised of Customized Energy Solutions, Sustainable Energy Advantage, Daymark, 

and Alevo Analytics, conducted this report on behalf of Massachusetts Department of Energy 

Resources (DOER) and Massachusetts Clean Energy Center (MassCEC). This study analyzes the national 

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.  

Stakeholder ŜƴƎŀƎŜƳŜƴǘ ǿŀǎ ǘƘŜ ƛƴƛǘƛŀƭ ǇƘŀǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΩǎ ǇǊƻŎŜǎǎ ŀƴŘ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ǘƘŜ 

research. DOER, MassCEC and the Study Team gathered valuable information by contacting over 300 

interested parties, and hosted stakeholder meetings with over 150 representatives   of utilit ies, power 

supply companies, energy technology firms, ratepayers and municipalities. State of Charge 

incorporates qualitative and quantitative analyses of information and data from stakeholders paired 

with analytic data gathered by researchers across the country in order to 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 herein. In the coming 

weeks, MassCEC and DOER will release a Request for Proposal seeking interested parties to undertake 

projects to demonstrate the viability and potential of energy storage technology and innovations in the 

Massachusetts energy market.  

State of Charge makes clear that by embracing advanced energy storage technologies Massachusetts 

will continue to be a national leader in clean energy and innovation. This 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 establish the Commonwealth as a leader in energy storage.  

Sincerely, 

 

 

Judith Judson       Stephen Pike 

Commissioner       Interim CEO 

Massachusetts Department of Energy Resources  Massachusetts Clean Energy Center 
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There is great potential in Massachusetts for new advanced 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 deployment, this Study presents a 

comprehensive suite of policy recommendations to generate 600 MW of advanced energy storage in 

the Commonwealth by 2025, thereby capturing $800 million in system benefits to Massachusetts 

ratepayers. 

Executive Summary 

 

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, have an average storage capacity of 

10% of the daily consumption (Figure 1). The electricity market 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 infrastructure -- including generation, transmission and 

distribution systems -- to be sized to manage the highest peak usage 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, 

underutilization 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 2013 ς 2015 on average, the top 1% 

most expensive hours accounted for 8% ($680 million) of MassaŎƘǳǎŜǘǘǎ ǊŀǘŜǇŀȅŜǊǎΩ ŀƴƴǳŀƭ ǎǇŜƴŘ ƻƴ 

electricity. The top 10% of hours during these years, on average, accounted for 40% of annual  
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Figure 2: The whole electricity system is sized to meet peak demand 

electricity spend, over $3 billion.1  Energy storage is the only technology that can use energy generated 

during low cost off-peak periods to serve load during expensive peak periods, thereby improving the 

overall utilization and economics of the electric grid (Figure 3). Until recently, the ability to store 

electricity across the electric grid was limited, but recent advances in new energy storage technologies, 

such as grid-scale batteries, are making viable the wide-scale deployment of electricity storage.  

Advanced storage technologies can also provide the flexibility needed to reliably manage and utilize 

ǊŜƴŜǿŀōƭŜ ǊŜǎƻǳǊŎŜǎΩ ǾŀǊƛŀōƭŜ ƻǳǘǇǳǘΦ ¢ƻŘŀȅΣ ǘƘŜ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳ ƻǇŜǊŀǘŜǎ ƻƴ ŀ άƧǳǎǘ-in-ǘƛƳŜέ ōŀǎƛǎΣ 

with decisions about power plant dispatch that are based on real-time 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 more challenging. Additionally, storage 

resources can be an important tool for better managing electric outages caused by severe weather, 

thus increasing grid resiliency. For these reasons and more, new storage technologies are an important 

component of a modern electric grid and a resilient clean energy future for the Commonwealth.  

 

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

 

                                                             
1
 ISO-NE Hourly Load Data.   
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άaŀǎǎŀŎƘǳǎŜǘǘǎ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ƭŜŀŘ 

the way on clean energy, energy 

efficiency and the adoption of 

innovative technologies such as 

energy storage. These efforts, and 

our legislative proposal to bring 

additional hydroelectricity and other 

renewable resources into the region, 

will ensure we meet our ambitious 

greenhouse gas emission reduction 

targets while also creating a stronger 

ŜŎƻƴƻƳȅ ŦƻǊ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΦέ 

 ς Governor Baker, February 2016 

άGiven the recent advances in 

energy storage technology and 

cost-effectiveness, it is hard to 

imagine a modern electric 

distribution system that does 

not include energy storageΦέ 

 ς Massachusetts utility 

stakeholder 

Massachusetts Energy Storage Initiative 
Recognizing that energy storage can be a valuable 

component of a diversified energy portfolio for the 

Commonwealth, in May 2015 the Baker-Polito 

Administration launched the $10 million Energy Storage 

Initiative to evaluate and demonstrate the benefits of 

deploying energy storage technologies in Massachusetts. 

As part of the initiative, the Department of Energy 

Resources (DOER) and the Massachusetts Clean Energy 

Center (MassCEC) partnered to conduct a study to analyze 

the economic benefits and market opportunities for 

energy storage in the state, as well as examine potential 

policies and programs that could be implemented to better 

support both energy storage deployment and growth of 

the storage industry in Massachusetts. 

The DOER, MassCEC, and the State of Charge Study Consultant Team kicked off the study in late 

October 2015 with an interactive stakeholder session in Boston. Subsequently, 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, storage technology companies, and the regional grid operator, ISO New 

England (ISO-NE), participated in the stakeholder process.   

The message was clear: energy storage is recognized as a game changer in the electric sector. An 

overwhelming proportion of stakeholders are optimistic about the future of grid-connected 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 both near-term and 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, barriers 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 

programs to encourage the use of innovative storage 

technologies. 

State of Charge is a comprehensive report prepared by Customized Energy Solutions, Sustainable 

Energy Advantage, Daymark, Alevo Analytics, and Strategen in conjunction with the DOER and the 

aŀǎǎ/9/ ǘƘŀǘ ƭƛƴƪǎ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ŜƴŜǊƎȅ ŎƘŀƭƭŜƴƎŜǎ ǘƻ ǎǇŜŎƛŦƛŎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ¦ǎŜ Cases, and offers 

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 

Baker-Polito Administration to establish a mature local market for these technologies through 
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increasing the ŘŜǇƭƻȅƳŜƴǘ ƻŦ ǎǘƻǊŀƎŜ ƻƴ ǘƘŜ ǎǘŀǘŜΩǎ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ŀƴŘ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ŜƴŜǊƎȅ 

storage companies in the Commonwealth. 

Energy Storage Technologies and Market Landscape 

 

¢ƘŜ ǘŜǊƳ άŜƴŜǊƎȅ ǎǘƻǊŀƎŜέ ŀǇǇƭƛŜǎ ǘƻ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǘŜŎƘƴƻƭƻƎƛŜǎ όCƛƎǳǊŜ пύΣ ƛƴŎƭǳŘƛƴƎΥ ōŀǘǘŜǊƛŜǎΣ 

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. 

tǳƳǇŜŘ ƘȅŘǊƻ ǎǘƻǊŀƎŜ ƛǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ άŎƻƴǾŜƴǘƛƻƴŀƭέ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƛƴǾƻƭǾŜǎ 

pumping water into a large reservoir at a high elevationτusually located on the top of a mountain or 

hill ς 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 

air energȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀŘǾŀƴŎŜŘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜΦέ !ŘǾŀƴŎŜŘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ 

resources are capable of dispatching electricity within seconds. They can provide various storage 

durations ς from 15 minutes to over 10 hours ς and range in scale from small systems used in homes 

for backup power to utility-scale systems that interconnect to the bulk power grid.   

 Figure 4: Classification of Energy Storage Technologies 

άaƻŘŜǊƴƛȊƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳ ǿƛƭƭ ƘŜƭǇ ǘƘŜ ƴŀǘƛƻƴ ƳŜŜǘ ǘƘŜ challenge of handling projected 

energy needsτincluding addressing climate change by integrating more energy from renewable 

sources and enhancing efficiency from non-renewable energy processes. Advances to the electric 

grid must maintain a robust and resilient electricity delivery system, and energy storage can play 

a significant role in meeting these challenges by improving the operating capabilities of the grid, 

lowering cost and ensuring high reliability, as well as deferring and reducing infrastructure 

investments. Additionally, energy storage can be instrumental for emergency preparedness 

ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ōŀŎƪǳǇ ǇƻǿŜǊ ŀǎ ǿŜƭƭ ŀǎ ƎǊƛŘ ǎǘŀōƛƭƛȊŀǘƛƻƴ ǎŜǊǾƛŎŜǎΦέ 

   ς U.S. Department of Energy Whitepaper on Grid Energy Storage (Dec 2013)  
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To date, energy storage in Massachusetts has primarily been limited to pumped hydro storage in 

Northwest Massachusetts and provides bulk energy to the New England grid operator, ISO-NE. 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, geographic and environmental limitations make it unlikely that new pumped 

storage will be built. Therefore, the State of Charge study 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 United States 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 2015 alone, 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 

20142. It is expected that annual deployments of advanced energy storage will exceed 1 GW per year 

by 2019 and be at nearly 2 GW per year by 2020 (Figure 5). It is expected that there will be nearly 4,500 

MW of advanced storage technologies operating on the U.S. grid by 2020.3 Overall, 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 years.4 According to 

IHS, a leading business data provider, average lithium-ion battery prices decreased in cost over 50% 

between 2012 and 2015, and are expected to decrease over 50% again before 2019.5 

  

Figure 5: GTM Research Estimate of Energy Storage Growth 

 

                                                             
2
 Energy Storage Association & GTM Research, U.S. Energy Storage Monitor: 2015 Year in Review, March 9, 2016.   

3
 ibid 

4
 Energy Storage Update, Lithium-ion costs to fall by up to 50% within five years, July 30, 2016; 

http://analysis.energystorageupdate.com/lithium-ion-costs-fall-50-within-five-years   
5
 IHS, Price Declines Expected to Broaden the Energy Storage Market, IHS Says, November 25, 2015; 

http://press.ihs.com/press-release/technology/price-declines-expected-broaden-energy-storage-market-ihs-says   
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Figure 6: Planned and Operational Energy Storage Deployment 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 growing. With the significant cost decrease for 

advanced energy storage, and the pǊƻƎǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎΩ capabilities, Massachusetts has 

immense room for growth and expansion. Currently, Massachusetts ranks 23rd in the country in 

installing advanced energy storage (Figure 6). Other states are far ahead in terms of integrating energy 

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 

energy storage 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, 

ŀŘǾŀƴŎŜŘ ǎǘƻǊŀƎŜ ƛǎ ōŜƛƴƎ ŘŜǇƭƻȅŜŘ ǘƻ ƘŜƭǇ ōŀƭŀƴŎŜ ƻǊ άǎƳƻƻǘƘέ ǘƘŜ ƛƴǘŜǊƳƛǘǘŜƴǘ ƻǳǘǇǳǘ ƻŦ ǘƘŜǎŜ 

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 substation in Brooklyn. 

{ǘƻǊŀƎŜ /ŀƴ IŜƭǇ !ŘŘǊŜǎǎ aŀǎǎŀŎƘǳǎŜǘǘǎΩ 9ƴŜǊƎȅ /ƘŀƭƭŜƴƎŜǎ 
Like other states that are utilizing new advanced energy storage solutions to solve electric system 

challenges, Massachusetts could similarly benefit from these technologies. 
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Generation Retirements  

The New England region is experiencing significant amounts of generation retirements with the 

planned shutdown of 4,200 MW of generation by 2019 and an additional 6,000 MW at risk of 

retirement by 2020, including several plants located in and serving the populated load centers in 

9ŀǎǘŜǊƴ aŀǎǎŀŎƘǳǎŜǘǘǎΦ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ Ŏŀƴ ƻǇŜǊŀǘŜ ŀǎ ŀƴ ŜƳƛǎǎƛƻƴǎ ŦǊŜŜ ǎƻǳǊŎŜ ƻŦ άƭƻŎŀƭέ ǇŜŀƪ 

generation in highly populated areas to mitigate these retirements. 

Advanced storage projects typically require a much smaller footprint and shorter construction timeline 

than conventional generation; a grid-scale energy storage project can be constructed within months, 

not years. The modular design of storage resources means that the projects can be sized to any level. 

LƴŎǊŜƳŜƴǘǎ ƻŦ ŎŀǇŀŎƛǘȅ Ŏŀƴ Ŝŀǎƛƭȅ ōŜ ŀŘŘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ ¢ƘŜ άǇƭǳƎ ŀƴŘ Ǉƭŀȅέ 

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 house, a factory or a shopping center). 

Peak Demand is Growing 

Massachusetts has successfully implemented aggressive energy efficiency programs which have 

reduced average energy consumption. However, according to ISO-b9Ωǎ State of the Grid 2016 report, 

the peak demand continues to grow in the region at a rate of 1.5% per year (Figure 7) resulting in 

added costs to ratepayers to maintain reliability.6
  In order to provide enough energy during peak 

ǇŜǊƛƻŘǎ ƴŜǿ ƴŀǘǳǊŀƭ Ǝŀǎ άǇŜŀƪŜǊέ Ǉƭŀƴǘǎ ŀǊŜ ōŜƛƴƎ ōǳƛƭǘ ŜǾŜƴ ǘƘƻǳƎh they are needed only for a small 

amount of hours per year.7 According to the U.S. Energy Information Administration (EIA) peaker plants 

only operate 2% ς 7% of the hours in a year (Figure 8). Instead of generating electricity with natural gas 

άǇŜŀƪŜǊέ Ǉƭŀƴǘǎ ŘǳǊƛƴƎ ǘƛƳŜǎ ƻŦ ƘƛƎƘ ŜƭŜŎǘǊƛŎ ŀƴŘ ŦǳŜƭ ǇǊƛŎŜǎΣ ǎǘƻǊŀƎŜ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ άǇŜŀƪ ǎƘƛŦǘέ ōȅ 

using lower cost energy stored during off-peak periods to meet this demand.  

 
Figure 7: While Energy Efficiency has Decreased Average Energy Consumption, Peak Continues to Grow (1.5% per year)

8
 

 

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

assets/documents/2016/01/20160126_presentation_2016stateofthegrid.pdf    
7
 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
 ISO-NE, State of the Grid- 2016, January 26, 2016. 

http://www.iso-ne.com/static-assets/documents/2016/01/20160126_presentation_2016stateofthegrid.pdf
http://www.iso-ne.com/static-assets/documents/2016/01/20160126_presentation_2016stateofthegrid.pdf
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Figure 8: Peaker Plants Only Operate 2-7% of the Time 

Integrate Intermittent Renewable Generation 

¢ƻ ƳŜŜǘ ǘƘŜ ǎǘŀǘŜΩǎ Ǝƻŀƭǎ ŦƻǊ ǊŜŘǳŎƛƴƎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όDIDύ ŜƳƛǎǎƛƻƴǎΣ ǘƘŜ ǳǎŜ ƻŦ ƛƴǘŜǊƳƛǘǘŜƴǘ 

renewable generation, such as wind 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.  According to ISO-NE 

State of the Grid ς 2016 report, fast and flexible resources will be needed to balance intermittent 

ǊŜǎƻǳǊŎŜǎΩ ǾŀǊƛŀōƭŜ ƻǳǘǇǳǘΦ Across the country advanced storage technologies that can change output 

very quickly (in less than 1 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 (see Figure 9). 

 

Figure 9: Energy Storage Can Respond Quickly to Variable Output to Smooth Output and Provide Frequency Regulation  
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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 distributed solar 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 two-way power flows at the substations. 

Distributed storage located at substations 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 

ǘƘŜ ǎƻƭŀǊ ƎŜƴŜǊŀǘƻǊ ƛƴǘƻ ǘƘŜ ƎǊƛŘΣ ǿƘƛŎƘ Ƴŀȅ ŘŀƳŀƎŜ ǘƘŜ ƎǊƛŘΩǎ ǇǊƻǘŜŎǘƛǾŜ ǎȅǎǘŜƳǎΦ ¢Ƙƛǎ Ƴŀy occur 

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 surplus (seen in the green portion of Figure 10) and discharging 

during times of high demand (seen in the red portion of Figure 10). Eliminating the reverse power flow 

concerns will provide reliability benefits and lower the interconnection cost of integrating distributed 

solar resources. 

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 

ǳǘƛƭƛǘȅ ǎȅǎǘŜƳ Ŏŀƴ ƎǊŜŀǘƭȅ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘΩǎ ǊŜǎƛliency in storm events. 

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 charges,9 could utilize storage at their 

facilities to better manage their peak electric consumption, integrate any on-site generation, and 

reduce their electricity bills.   

 

 

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

 

                                                             
9
 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 a given billing period.   
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Storage Opportunity Analysis 
In order to better quantify the impact of adding storage to the Massachusetts grid, the State of Charge 

Study Consultant Team performed a comprehensive modeling analysis, using Alevo AnalyticsΩ Advanced 

Storage Optimization tool, to evaluate and quantify the potential benefits that energy storage 

distributed across MassachusettsΩ electric grid can provide ratepayers. Specifically, modeling was 

conducted to determine:  

¶ The optimal amount of advanced storage in MW and MWh to be added over the next 5 years ς 

through 2020 ς that will add maximum benefit to ratepayers;   

¶ The distribution of energy storage locations across Massachusetts where adding storage will 

achieve maximum benefits to the ratepayers; and 

¶ A quantification of the reduction in GHG emissions that can be achieved with the optimum level 

of energy storage deployments across the state.  

!ƭŜǾƻ !ƴŀƭȅǘƛŎǎΩ !ŘǾŀƴŎŜŘ {ǘƻǊŀƎŜ hǇǘƛƳƛȊŀǘƛƻƴ ǘƻƻƭ ǳǘƛƭƛȊŜǎ ƳǳƭǘƛǇƭŜ ƛǘŜǊŀǘƛƻƴǎ ƻŦ ōƻǘƘ /ŀǇŀŎƛǘȅ ŀƴŘ 

Production Cost modeling, capturing both hourly and sub-hourly 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 the ISO-NE 

markets that co-optimize energy and ancillary services subject to transmission thermal constraints. The 

existing generation resource mix (including all installed pumped storage in ISO-NE) is used in the 

simulation. The model also accounts for expected generation retirements and additions during 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 determines the amount of advanced energy storage that will optimize the overall 

operation and cost of the Massachusetts electric system (see Figure 11 model flow chart). 

 

 

Figure 11: Advanced Storage 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 be added in Massachusetts in order to 

achieve the following benefits:  

¶ Minimization of wholesale market costs 

¶ Minimization of Massachusetts emissions 

¶ Increased utilization of transmission and distribution assets 

¶ Minimization of incremental new transmission assets 

¶ Increased resiliency from wide-scale transmission, distribution, and generation outages 

¶ Reduced requirements for new peaker power plant capacity 

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 Results: Cost and Benefit Analysis 

Through this modeling effort, it was found there is a potential for a large cost effective deployment of 

advanced energy storage in Massachusetts. The modelling results show that up to 1,766 MW of new 

advanced energy storage would maximize Massachusetts ratepayer benefits.  The results show 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 benefits.  These benefits are cost 

savings to ratepayers from:  

¶ Reducing the price 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 capital investments in new capacity 

¶ LƴŎǊŜŀǎƛƴƎ ǘƘŜ ƎǊƛŘΩǎ ƻǾŜǊŀƭƭ ŦƭŜȄƛōƛƭƛǘȅΣ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎȅ 

The model found that this optimized amount of storage in Massachusetts would provide an additional 

$250 million in regional system benefits to the other New England states due to lower wholesale 

market prices across all ISO-NE zones. The model estimates that this optimal amount of storage 

provides a reduction in GHG gas emissions by more than 1 MMT CO2e over a 10 year time span and is 

equivalent to taking over 223,000 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 billion. Considering the 

Massachusetts ratepayer benefits alone of $2.3 billion, 1,766 MW of storage provides net benefits to 

ratepayers with a benefit-cost ratio ranging from 1.7 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 direct benefits to the resource owners from market revenue. The modeling 

results indicate that there will 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 market revenue to the resource 

owners. Figure 12 shows the overall value proposition of investing in 1,766 MW of energy storage. 
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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 electricity to 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 into the load zone 

to meet an ever increasing peak demand or it can be an energy cost reduction created by the storage 

ǊŜǎƻǳǊŎŜΩǎ ǇŜŀƪ ǎƘƛŦǘƛƴƎ ǎǳǇǇǊŜǎǎƛƴƎ ŜƴŜǊƎȅ ǇǊƛŎŜǎΦ 9ƛǘƘŜǊ ǿŀȅΣ ǊŀǘŜǇŀȅŜǊǎ ǎŜŜ ŀ ōŜƴŜŦƛǘ ŦǊƻƳ ǘƘŀǘ 

storage development and the storage project developer sees revenue from the investment.  
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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 ancillary services. 

However, as further discussed in Chapter 8, this will require that ISO-NE remove barriers in their 

market rules that currently limit the full participation of advanced energy storage projects in their 

wholesale markets. Additionally, storage projects can earn revenue if located at a customer site by 

ǊŜŘǳŎƛƴƎ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ōƛƭƭ. 

DŜƴŜǊŀƭƭȅΣ ƛƴ ƻǊŘŜǊ ŦƻǊ ŀ ǇǊƛǾŀǘŜ Ŝƴǘƛǘȅ ǘƻ ƳŀƪŜ ŀƴ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ǎǘƻǊŀƎŜΣ ǘƘŜ ǊŜǾŜƴǳŜ ŦǊƻƳ ǘƘŜ ŜƴǘƛǘȅΩǎ 

investment in the storage technology has to outweigh the capital investment cost. As shown in Figure 

12, from a ratepayer perspective, the system benefits alone justify an investment in storage. However, 

the existing revenue mechanisms that would encourage investment from a private storage developer 

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

Massachusetts without a means to be monetarily compensated for the value the storage resource 

provides to the system, even though doing so would result in cost benefits to ratepayers that 

substantially outweigh the cost of investment. This finding explains why the Alevo Analytics modeling 

shows that Massachusetts ratepayers could benefit from a large potential of advanced energy 

storage deployed across the Massachusetts grid, yet today there is only 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 some portion of the system benefits (e.g. cost savings to ratepayers) 
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created to the storage project developer. This limit on existing energy storage opportunities prompts a 

fresh look into how to account for the complete energy storage benefits by the wholesale and retail 

market electricity markets, as well as by regulators and policy makers.  

As described in Chapter 6, other states are advancing regulatory and policy initiatives that recognize 

and seek to correct this discrepancy. Therefore, the Study Team evaluated approaches being pursued 

in other states to analyze their applicability for Massachusetts.   

Energy Storage Application Use Cases  
Based on the modeling results and feedback from stakeholders, the Study Team analyzed the 

economics of ten specific 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 modernization asset, 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 well as the 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 cost-effective 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. 

 

Figure 13: Energy Storage Application across Electricity Enterprise Value Chain 
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Table 2: Use Case Descriptions 

For each Use 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 Massachusetts ratepayers should the investment in 

storage be made.   
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Table 3: Use Case Benefit-to-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 resource would provide the system through 

reductions in system costs, a determination can be made as to whether it would be cost-effective to 

Massachusetts ratepayers to utilize storage for each Use Case. Table 3 shows that when the potential 

revenue streams available to the project owner and the benefits that would accrue to the overall 

electric system are combined, the analysis resulted in benefit-to-cost ratios greater than 1 in most Use 

Cases. However, as discussed in detail in Chapter 5, while the all-in benefits 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 though doing 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 Policy Recommendations 
Based on the Modeling analysis in Chapter 4 and the Use Case analysis in Chapter 5, as well as the 

ǊŜǾƛŜǿ ƻŦ ƻǘƘŜǊ ǎǘŀǘŜΩǎ ǎǘƻǊŀƎŜ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ ƛƴ /ƘŀǇǘŜǊ сΣ ŀ ǊƻŀŘƳŀǇ ƛǎ ǇǊƻǇƻǎŜŘ ŦƻǊ 

Massachusetts to facilitate the deployment of energy storage within the state to achieve optimal 

system benefits to rate payers. The study provides a suite of recommendations to support 1) the 

growth of cost-effective storage deployment on the MA grid and 2) the growth of storage companies as 

part of MassachusettsΩ robust clean tech economy.  These recommendations are expected to yield 600 

MW of new energy storage technologies on the Massachusetts grid by 2025 providing over $800 
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million in cost savings to ratepayers and approximately 350,000 metric tons reduction in GHG 

emissions over a 10 year time span which is equal to taking over 73,000 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 increase the amount of storage deployed in 

Massachusetts. These policy recommendations seek to maximize the system benefits of energy storage 

via long-term ratepayer cost reductions, increased grid resilience and reliability, and decreased GHG 

emissions. The recommendations can unlock the game-changing potential of energy storage growth on 

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

Massachusetts.   

Policy Recommendations include: 

¶ Grant and rebate programs 

¶ Storage in state portfolio 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 standards, and 

customer marketing and education 

 

Chapter 8 provides recommendations for ISO-NE 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 thriving energy storage industry in the state. Table 4 below shows which 

policies and programs, further described in Chapters 7 and 8, would jumpstart specific Use Cases and 

begin wider deployment of storage in the Commonwealth.  

The Study Team assigned the recommendations 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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Table 4: Use Cases and Policies 

 

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

Storage in Massachusetts  

The following recommendations capture the opportunities for monetizing system benefits and 

increasing the amount of new advanced energy storage in Massachusetts to 600 MW through state 

policies and programs. The recommendations include establishing and clarifying regulatory treatments 

of storage, grant and rebate programs, integration of storage into State Portfolio Standards, potential 

statutory changes for inclusion of storage in long-term clean energy procurements, and 

recommendations for ISO Market Rules. 
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Recommendations to Establish and Clarify Regulatory Treatments of Utility Storage:  

Storage as a Utility Grid Modernization Asset  

In June 2014, the Massachusetts Department of Public Utilities (DPU) issued Order 12-76-B (Order) 

requiring each electric distribution company (EDC) to develop Grid Modernization Plans (GMPs) to 

meet four objectives: (1) reduce the effect 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 particularly 

ƻǇǘƛƳƛȊƛƴƎ ŘŜƳŀƴŘΣ ƛƴǘŜƎǊŀǘƛƴƎ ŘƛǎǘǊƛōǳǘŜŘ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ƳƛǘƛƎŀǘƛƴƎ ƻǳǘŀƎŜǎΦ ά9ƴŜǊƎȅ {ǘƻǊŀƎŜ 

¢ŜŎƘƴƻƭƻƎƛŜǎέ is included as one of the categories of grid modernization assets that is eligible for rate 

recovery if justified with a business case that includes all quantifiable and unquantifiable benefits and 

costsΦ /ǳǊǊŜƴǘ ǳǘƛƭƛǘƛŜǎΩ DatǎΣ ŦƛƭŜŘ ǿƛǘƘ ǘƘŜ 5t¦Σ ƛƴŎƭǳŘŜ ǎƳŀƭƭ ǎǘƻǊŀƎŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǇǊƻƧŜŎǘǎΦ As 

GridMod is an ongoing DPU proceeding, utilities could amend their GMPs to propose expanded energy 

storage programs. To provide further clarity on the regulatory treatment of utility storage, the DPU 

could conduct an investigation on storage-specific issues, create Guidelines for the Methods and 

Procedures for the Evaluation and Approval of Energy Storage, and investigate the ability of utilities for 

contracting with third-parties for operating storage to enable sales to the ISO wholesale markets. 

Storage as Peak Demand Savings Tool in Energy Efficiency Investment Plans  

Massachusetts state law, M.G.L. c.25, ϠнмΣ ǘƘŜ DǊŜŜƴ /ƻƳƳǳƴƛǘƛŜǎ !Ŏǘ όǘƘŜ ά!ŎǘέύΣ ǊŜǉǳƛǊŜǎ ǘƘŀǘ 

investor-ƻǿƴŜŘ ǳǘƛƭƛǘƛŜǎ ŀƴŘ ŀǇǇǊƻǾŜŘ ƳǳƴƛŎƛǇŀƭ ŀƎƎǊŜƎŀǘƻǊǎ όάtǊƻƎǊŀƳ !ŘƳƛƴƛǎǘǊŀǘƻǊǎέύ ǎŜŜƪ άΧŀƭƭ 

available energy efficiency and demand reduction resources that are cost effective or less expensive 

ǘƘŀƴ ǎǳǇǇƭȅΦέ  In 2016-2018 the Statewide Three Year Energy Efficiency Plans have a new focus on Peak 

Demand Savings, including demonstrations and assessment of current incentives and cost-effectiveness 

framework. Energy storage, used to shift and manage load as part of peak demand reduction programs, 

can be deployed through this existing process but may require changes in the current DPU GuidelinesΩ 

benefit-cost test methodology to accommodate storage in these demand reduction programs.  

Recommendations for Grant and Rebate 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 interest from study 

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 

ŀŘŘƛǘƛƻƴŀƭ ŀƳƻǳƴǘ Ŏŀƴ ōŜ ŦǳƴŘŜŘ ǘƘǊƻǳƎƘ 5h9wΩǎ !ƭǘŜǊƴŀtive Compliance Payment (ACP) funds or 

MassCEC trust funds. 

aŀǎǎŀŎƘǳǎŜǘǘǎ hŦŦŜǊǎ wŜōŀǘŜǎ ŦƻǊ {ǘƻǊŀƎŜ tǊƻƎǊŀƳ όάahw-{ǘƻǊŀƎŜέύ ŦƻǊ /ustomer-sited Storage 

Projects 

Rebate programs have been very successful in rapidly accelerating new technology adoption. This 

ǇǊƻƎǊŀƳ ǿƻǳƭŘ ōŜ ƳƻŘŜƭŜŘ ŀŦǘŜǊ 5h9wΩǎ ǎǳŎŎŜǎǎŦǳƭ ahw-EV Rebate program that provides funding to 

Massachusetts residents who purchase electric vehicles. The goal of the MOR-Storage program is to 

encourage Massachusetts commercial and industrial businesses to invest in storage that will 1) assist 

the business in lowering their electricity bills, 2) better utilize any on-site 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 Feasibility Studies at Commercial and Industrial Businesses  

Small to medium sized commercial and industrial (C&I) customers, particularly Massachusetts 

manufacturers, often struggle with high and volatile energy costs, which can dramatically impact their 

competitiveness. At the same time, these customers rarely have the time, nor the in-house expertise to 

evaluate potentially cost saving storage, or solar plus storage, options for their facilities. The Solar plus 

Storage pilot program will fund site assessments that 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 Grants ς Part III  

5h9wΩǎ ά/ƻƳƳǳƴƛǘȅ /ƭŜŀƴ 9ƴŜǊƎȅ wŜǎƛƭƛŜƴŎȅ LƴƛǘƛŀǘƛǾŜέ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ ŎƻƳǇǊŜƘŜƴǎƛǾŜ 

climate change preparedness effort. Round III of the grant program will be focused on C&I 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 times of 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.  

Grant Program to Demonstrate Peak Demand Savings  

DOER will be funding demonstration grants where utility and market actors can directly address the 

technical, regulatory, and market challenges of peak demand management in our state-wide Energy 

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 Eligible Green Communities Grant Projects  

While no energy storage projects have been funded through the Green 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. 

Recommendations for Storage in State Portfolio Standards: 

Amend Alternative Portfolio Standard (APS) to Include all Types of Advanced Energy Storage  

Inclusion of a broader range of energy storage systems (beyond the currently-eligible flywheel storage) 

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 additional revenue 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 long as the 

AEC value is 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 thorough competitive market analysis, but could be very 

significant. 
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Evaluate Storage in the Development of the Next Generation Solar Incentive Program.  

Incorporating solar with behind-the-ƳŜǘŜǊ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǿƛǘƘƛƴ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŦǳǘǳǊŜ ǎƻƭŀǊ 

incentive program would encourage tƘŜ ǳǎŜ ƻŦ ǎǘƻǊŀƎŜ ǿƘŜǊŜ άǎƻƭŀǊ Ǉƭǳǎ ǎǘƻǊŀƎŜέ ǇǊƻǾƛŘŜǎ ǾŀƭǳŜ ǘƻ 

ōƻǘƘ ǘƘŜ ǎȅǎǘŜƳ ƻǿƴŜǊ ŀƴŘ ǊŀǘŜǇŀȅŜǊΣ ōȅ ŜƴŀōƭƛƴƎ ǘƘŜ ǎƻƭŀǊΩǎ ƛƴǘŜǊƳƛǘǘŜƴǘ ǇǊƻŘǳŎǘƛƻƴ ǘƻ ǊŜƭƛŀōƭȅ ƳŀǘŎƘ 

load, driving both greater value to the owner and increased benefits to the system. 

Recommendations for ISO Market Rules: 

Create an Advanced Storage Working Group at ISO-NE 

This Working Group could be created to ensure a level playing field for the inclusion of advanced 

energy storage resources in all ISO-NE markets and to recommend market rule changes to remove 

barriers to new storage technologies participation. Expanding ISO-NE markets that currently utilize 

advanced storage resources, namely the Frequency Regulation market, could increase advanced 

storage deployment.  

Recommendation that Require Statutory Change:  

Allow bids that have energy storage components in any possible future long-term clean energy 

procurements. 

*   As of August 8Σ нлмсΣ aŀǎǎŀŎƘǳǎŜǘǘǎΩ newly passed comprehensive 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 example, procurements 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 I, and does not specify how energy storage is treated. Eliminating 

the ambiguities surrounding energy storage systems and including them into future long-term 

renewable energy procurements will enable the projects to utilize the benefits of storage to firm the 

renewable portion of the project by creating a long-term revenue stream to support the financing of 

ǘƘŜ ǎǘƻǊŀƎŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ ! ŎƭŜŀǊ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǿƘŀǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ ǉǳŀƭƛŦȅƛƴƎ ά9ƴŜǊƎȅ {ǘƻǊŀƎŜ 

{ȅǎǘŜƳέ ǎƘƻǳƭŘ ōŜ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀǘǳǘƻǊȅ ƭŀƴƎǳŀƎŜΣ ŀƭƭƻǿƛƴƎ ǘƘŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǎǘƻǊŀƎŜ ƛƴ ŀƴȅ 

future clean energy procurements. 

2.   Policy and Program Recommendations to Grow the Energy Storage Industry in 

Massachusetts:  

The following recommendations capture the opportunities for strengthening the storage industry in 

Massachusetts through state policies and programs including recommendations to grow companies 

through increased investment, workforce development, and utilization of academic expertise to 

support storage startup growth and R&D. 

Recommendations to Grow Companies: 

Increase Investment in Storage Companies.  

Promote the growth of an energy storage cluster in Massachusetts to expand 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 MassCEC programs 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 expeǊǘƛǎŜ ƛƴ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ǿƻǊƭŘ Ŏƭŀǎǎ ǳƴƛǾŜǊǎƛǘƛŜǎ ǘƻ ǎǳǇǇƻǊǘ ŜƴŜǊƎȅ 

storage startups in Massachusetts and invest in research and development and testing facilities to 

anchor an energy storage cluster in Massachusetts. 

 

Conclusion 

New advanced storage technologies 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 to lead the way on 

clean energy, energy efficiency and the adoption of innovative technologies such as energy storage. 

Storage can provide an important component of a diversified energy portfolio that will achieve the 

Baker-tƻƭƛǘƻ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ Ǝƻŀƭ ǘƻ ŎǊŜŀǘŜ a clean, affordable, resilient energy future for the 

Commonwealth. 
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ACRONYMS 

 

 

 

A/C Air conditioning  

AB Assembly Bill 

ACP Alternative Compliance 
Payment  

AECs Alternative Energy 
Certificates 

AEO Annual Energy Outlook 

AGC Automatic generator control 

APS Alternative Portfolio 
Standard 

APS Arizona Public Service 

ARR Annual Reliability Report 

ATRR Alternative technology 
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&I  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 Consolidated Edison 

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 

Energy and Environmental 
Protection  

DBI Declining block incentive 

DER Distributed energy resources  

DG Distributed generation  

DOE-OE DOE Office of Electricity 

DOER Department of Energy 
Resources  

DPU Massachusetts Department 
of Public Utilities  

DR Demand response  

DRPs Distribution Resources Plan 
Proposals  

EDCs Electricity Distribution 
Companies  

EEAC Energy Efficiency Advisory 
Council  

EIA Energy Information 
Association 

EM&V Evaluation, Measurement 
and Verification 

EOEEA Executive Office of Energy 
and Environmental Affairs  

EOL End of life 

EPA Environmental Protection 
Agency 

EPIC Electric Program Investment 
Charge (CA) 

EPRI Electric Power Research 
Institute 

EPSA Electric Power Supply 
Association  

ERCOT Electric Reliability Council of 
Texas  

ESA Energy Storage Association  

ESI  Energy Storage Initiative 

ESR Energy Storage Resource  

ESS Energy storage system  

ESVT Energy Storage Valuation 
Tool  

ETA Electric thermal storage 

EV Electric vehicle  

EWEB Eugene Water & Electric 
Board (OR)  

FCA Forward Capacity Auction  
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FCM Forward Capacity Market  

FERC Federal Energy Regulatory 
Commission  

GHG Greenhouse gas 

GMP Green Mountain Power 

GMPs Grid Modernization Plans  

GW Gigawatts 

GWh Gigawatt hour 

GWSA Global Warming Solutions 
Act  

HECO Hawaii Electric Company  

HG&E Holyoke Gas and Electric 

HQ HydroQuebec 

Hz Hertz 

I Current 

IEC International Electrochemical 
Commission 

IOU Investor owned utility  

IPP Independent power producer 

ISO-NE ISO-New England  

ISO Independent System 
Operators 

ITC Investment tax credit 

ktons  Kilotons 

kV Kilovolt 

kWh Kilowatt hours 

LCOE Levelized cost of electricity  

Li-Ion Lithium Ion 

LMP Locational marginal price 

LMU Locational Marginal Unit  

LSE Load serving entity 

LTPP California Long Term 
Procurement Process  

MACRS Modified Accelerated Cost 
Recovery System 

MassCEC Massachusetts Clean Energy 
Center  

ME PUC Maine Public Utility 
Commission  

MECO Maui Electric Company  

MEPA Massachusetts 
Environmental Protection Act  

MGE Minimum generation 
emergency  

MISO Midcontinent ISO 

MIT Massachusetts Institute of 
Technology 

MLP Municipal Light Plant  

MMBTU Million British thermal units 

MMTCO2e Million metric tons of carbon 
dioxide equivalent  

MOR Massachusetts Offers 
Rebates  

MW Megawatts 

MWD Minwind Energy LLC  

MWh Megawatt hour 

Na-ion Sodium Ion 

NaS Sodiumςsulfur battery 

NCPC Net Commitment Period 
Compensation  

NEM Net energy metering  

NEMA Northeast Massachusetts - 
Boston 

NERC North American Electric 
Reliability Corporation  

NFPA National Fire Protection 
Association  

NGO Non-Governmental 
organization 

NGR Non-generator resource 

NH PUC  New Hampshire Public Utility 
Commission 

NiCd Nickel cadmium 

Nox Mono-nitrogen oxides  

NPCC Northeast Power 
Coordinating Council  

NPR Non-price retirement 
requests  

NTA Non-transmission alternative  

NWA Non-wires alternatives  

NYSERDA New York State Energy 
Research and Development 
Authority  

O&M Operations and maintenance  

OATT Open Access Transmission 
Tariff 

ORTP Offer review trigger price  

PDR Proxy Demand Resource  

PHS Pumped hydro storage  

PIER Public Interest Energy 
Research (CA) 

PJM PJM Interconnection LLC  

PNNL Pacific Northwest National 
Laboratory 

PV Photovoltaic 
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R Resistance 

RD&D Research, development, and 
demonstration 

RA Resource Adequacy 

REIP Renewable Energy Incentive 
Program (NJ) 

REV Reforming the Energy Vision 
(NY) 

RFGA Request for Grant 
Applications  

RFI  Request for Information 

RFP Request for Proposals  

RI EERMC Rhode Island Energy 
Efficiency and Resource 
Management Council  

RI OER Rhode Island Office of Energy 
Resources  

RNL Regional network load  

RPA Regional planning agency 

RPS Renewable Portfolio 
Standard  

RTEG Real-Time Emergency 
Generation  

RUCO Residential Utility Consumer 
Office (AZ) 

SAIDI System Average Interruption 
Duration Index 

SCE Southern California Edison  

SDG&E San Diego Gas and Electric  

SEMA Southeast Massachusetts 

SGIP Small Generator Incentive 
Program (CA) 

SIRI Systems Integration Rhode 
Island  

SMES Superconducting magnetic 
energy storage  

SMUD Sacramento Municipal Utility 
District 

SO2 Sulfur dioxide 

SONGS San Onofre Nuclear 
Generating Station  

SQ Service quality  

SREC Solar Renewable Energy 
Certificate 

STIP Short Term Investment Plan  

T&D Transmission and distribution  

TES Thermal energy storage  

TOU Time-of-use  

U.S. DOE United States Department of 
Energy 

VRB Vanadium redox battery 

VVO Volt VAR Optimization  

W2B Wind-to-Battery  

WACC Weighted average cost of 
capital 

WCMASS Western-Central 
Massachusetts 
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1 Introduction to Energy Storage - Technologies and Market Landscape 

Energy storage can enhance the efficiency, resiliency, and sustainability of the entire electric power 
grid.  Energy storage is the only emissions-free technology that can store electricity for use in future 
periods when there is a higher demand. It modernizes the way we generate and deliver electricity 
and can help utilities avoid costly distribution and transmission system infrastructure upgrades.  
With the use of storage, the system operator can more efficiently manage the variability on the 
power grid that comes with increased penetration of renewable resources.  It can assist large energy 
users and municipalities achieve security and resilience of supply, and lower their overall costs as 
well as support households in managing their energy costs. 

Energy storage can assist in the achievement of numerous interrelated policy mandates, which 
include: expanding renewable generation, addressing climate change risks, and transforming an 
aging power system infrastructure τ including the potential retirement of many of thŜ ŎƻǳƴǘǊȅΩǎ 
fossil fuel power plants.  These emerging trends are impacting the decisions of system operators, 
utilities, developers, regulators, and policy makers in developing policies and investments for a new 
modernized grid.  

Significant change is happening in the Massachusetts power sector.  Though demand continues to 
grow, average demand is decreasing due to policies encouraging increased energy efficiency 
investments and the installation of renewable resources at customer sites.  There has also been 
considerable growth of grid-scale renewables due to renewable portfolio standards, utility 
development, and long-term contracts for renewable resources.  Adding to these conditions are 
lower natural gas prices, older fossil generators, and nuclear power plants that are not economical 
and are retiring.  Finally, the state has an aging transmission and distribution infrastructure.    

To help address these issues, the Massachusetts Baker-Polito Administration has introduced the $10 
million Energy Storage Initiative (ESI) aimed at making the state a national leader in energy storage.  

άThe /ƻƳƳƻƴǿŜŀƭǘƘΩǎ Ǉƭŀƴǎ ŦƻǊ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǿƛƭƭ ŀƭƭƻǿ ǘƘŜ ǎǘŀǘŜ ǘƻ ƳƻǾŜ ǘƻǿŀǊŘ ŜǎǘŀōƭƛǎƘƛƴƎ ŀ 
mature local market for these technologies that will, in turn, benefit ratepayers and the local 
ŜŎƻƴƻƳȅΣέ .ŀƪŜǊ ǎŀƛŘΦ άaŀǎǎŀŎƘǳǎŜǘǘǎ Ƙŀǎ ŀƴ ŜȄŎƛǘƛƴƎ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ Ǉrovide a comprehensive 
approach to support a growing energy storage industry with this initiative's analysis, policy and 
program developmentΦέ 10 

As part of the initiative, the Department of Energy Resources (DOER) has partnered with the 
Massachusetts Clean Energy Center (MassCEC) to embark on a study to analyze 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 cost-benefit analysis for state policymakers.  DOER can utilize the 
results of the study to identify target areas for further analysis and potential policy 
recommendations.  

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

                                                             
10

 Executive office of Energy and Environmental Affairs. May 28, 2015. Baker-Polito Administration Announces $10 Million 
Energy Storage Initiative www.mass.gov/eea/pr-2015/10-million-energy-storage-initiative-announced.html 

http://www.mass.gov/eea/pr-2015/10-million-energy-storage-initiative-announced.html
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research and development funding and other policies aimed at moving local, clean technology 
products from the laboratories to commercial success.  By leveraging the years of work in the solar 
and wind industries, the Commonwealth is well-positioned to nurture and grow the energy storage 
industry through programs and initiatives aimed at both attracting business and deploying the 
technology.   

1.1   The Fundamentals of Energy Storage 

¢ƘŜ ǘŜǊƳ άŜƴŜǊƎȅ ǎǘƻǊŀƎŜέ applies to many different technologies, including: batteries, flywheels, 
and pumped hydroelectric storage 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.  Energy storage can absorb energy from renewable resources, such as solar power, 
that may over-produce 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 scale from small systems used in homes for backup power to utility-
scale systems that interconnect to the power grid. Energy storage has already begun seeing 
adoption in many markets around the world, driven by both renewable energy generation and local 
reliability needs.  
 
Many advanced energy storage technologies have matured beyond the research and development 
phase.  They are commercially viable and are operating throughout the U.S. and around the world. 
 
To date, energy storage in Massachusetts has primarily been limited to Pumped Hydro Storage (PHS) 
in Northwest Massachusetts providing bulk energy to the New England grid operator, ISO-New 
England (ISO-NE)Φ  ¢ƘŜǎŜ tI{ ǊŜǎƻǳǊŎŜǎ ǿŜǊŜ ōǳƛƭǘ ƛƴ ǘƘŜ мфтлΩǎ ǘƻ ǇǊƻǾƛŘŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мΣслл a² 
of capacity quickly in the event of a nuclear 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, 
geographic and environmental limitations make it unlikely that new pumped storage will be built.  
Therefore, the Energy Storage Study focuses on new, advanced energy storage technologies that are 
now available.  
 
Massachusetts is facing the possibility of over 10,000 MW of power plant retirements in the region 
by 2020 and an increasing reliance on natural gas.11 This transition is happening at the same time as 
technological advances are blooming in the renewable and smart grid arenas.  It is pivotal, therefore, 
for policy makers to understand the progress being made in the energy storage industry; it is no 
longer a technology of the future.  Energy storage has arrived, and it is available today.  At present 
there are numerous energy storage projects operating worldwide, and many are participating in 
competitive markets without any subsidies.  
 
 

                                                             
11

 άaƻǊŜ ǘƘŀƴ пΣнлл a² ƻŦ ŎƻŀƭΣ ƻƛƭΣ ŀƴŘ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƴƎ ŎŀǇŀŎƛǘȅ Ƙŀǎ ǊŜǘƛǊŜŘ ƻǊ ǿƛƭƭ ǊŜǘƛǊŜ ōȅ ƳƛŘ-2019. Another 6,000 
MW of coal- and oil-fired generators are at Ǌƛǎƪ ŦƻǊ ǊŜǘƛǊŜƳŜƴǘ ōȅ нлнлΦέ ISO-NE, Regional Energy Outlook, March 2, 2016;  
http://www.iso-ne.com/static-assets/documents/2016/02/NE_Power_Grid_2015-2016_Regional_Profile.pdf  

http://www.iso-ne.com/static-assets/documents/2016/02/NE_Power_Grid_2015-2016_Regional_Profile.pdf
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ά9ƴŜǊƎȅ ǎǘƻǊŀƎŜ ƛǎ ŎƘŀƴƎƛƴƎ ǘƘŜ ǇŀǊŀŘƛƎƳ ƻƴ Ƙƻǿ ǿŜ ƎŜƴŜǊŀǘŜΣ ŘƛǎǘǊƛōǳǘŜ ŀƴŘ ǳǎŜ ŜƴŜǊƎȅΦ ²ƛǘƘ 
exponential growth predicted over the next couple of years, energy storage solutions will deliver 
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 American businesses and consumersΦέ  
- M. Roberts, Executive Director, Energy Storage Association.12   

 
As decision-makers evaluate whether to spend billions of dollars in new, conventional generation 
and transmission, consideration of energy storage should not be ignored.  As this Energy Storage 
Study shows, energy storage is an economically and technically viable solution for alleviating future 
reliability and environmental challenges while integrating renewable generation. 
 

1.2   Storage Technologies 

There are many different kinds of energy storage technologies with various capabilities.  While all 
technologies store energy, the way in which each operates can differ. Thus, the variety of 
technologies provides flexibility in matching energy storage solutions to diverse energy related 
challenges faced by the consumer and the power grid operator.  

1.2.1 Description of Storage Technologies 

Batteries, pumped storage systems, ice storage, and heat-based thermal storage make up some of 
the more common types of energy storage.  Pumped Hydro Storage is often referred to as 
άconventional energy storageέ.  More recent emerging forms of energy storage, such as batteries, 
flywheels, and new compressed air energy technologies, ŀǊŜ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŀŘǾŀƴŎŜŘ ŜƴŜǊƎȅ 
ǎǘƻǊŀƎŜέΦ  Energy storage technologies can be broadly classified as: mechanical, electrochemical, 
thermal, electrical and chemical storage.  See Figure 1-1 for the many storage technologies 
contained in each category. 
 

 
Figure 1-1: Classification of Energy Storage Technologies 

 

                                                             
12

 Quote by Matt Roberts, Executive Director of the Energy Storage Association (ESA), regarding GTM Research/Energy 
{ǘƻǊŀƎŜ !ǎǎƻŎƛŀǘƛƻƴΩǎ U.S. Energy Storage Monitor 2015 Year in Review  

https://www.greentechmedia.com/research/subscription/u.s.-energy-storage-monitor
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¶ Mechanical Storage includes Pumped Hydro Storage (PHS), Compressed Air Energy Storage 
(CAES) and Flywheels:  

 
o Pumped Hydro Storage (PHS) stores electrical energy as the potential energy of water. 

Generally, this involves pumping water into a large reservoir at a high elevationτusually 
located on the top of a mountain or hill.  When energy is required, the water in the 
reservoir is guided through a hydroelectric turbine, which converts the energy of flowing 
water to electricity.  PHS is often used to store energy for long durations for use in a 
future period.  The location of these systems is dictated by the presence of the required 
geology.  Proposed pumped storage projects are also subject to rigorous environmental 
clearances, which can add significantly to the time required for the installation of such a 
system.  Projects can take five to fifteen years to be sited, permitted and built.   
 

 

Figure 1-2: Northfield Mountain Pumped Storage Project in Massachusetts 

o Compressed Air Energy Storage (CAES) converts electrical energy into compressed air, 
which is stored either in an underground cave or above ground in high-pressure 
containers.  When excess or low cost electricity is available from the grid, it is used to 
run an electric compressor, which compresses air and stores it.  When electrical energy 
is required, the compressed air is directed towards a modified gas turbine, which 
converts the stored energy to electricity.  A recent advancement that is maturing 
through research and development by several startups is storage of the heat produced 
during the compression.  This type of CAES does not use natural gas to reheat the air 
upon decompression and is therefore emissions-free, as well as more efficient overall.  
Similar to pumped hydro, CAES systems are used for storing energy over longer periods. 

o Flywheel storage systems store electrical energy as the rotational energy in a heavy 
mass. Flywheel energy storage systems typically consist of a large rotating cylinder 
supported on a stator.  Stored electric energy increases with the square of the speed of 
the rotating mass, so materials that can withstand high velocities and centrifugal forces 
are essential. Flywheel technology is a low maintenance and low environmental impact 
type of energy storage. In general, flywheels are very suitable for high power 
applications due to their capacity to absorb and release energy in a very short duration 
of time.     
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¶ Electrochemical storage includes various battery 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 minutes to several hours.  There are two main categories of batteries:  (1)   
traditional solid rechargeable batteries where the chemical energy is stored in solid-based 
electrodes, and, (2) flow batteries where chemical energy is stored in varying types of flowing 
liquid electrolytes kept in tanks separate from the actual electrochemical cells. 

 
o Solid Rechargeable Batteries: 

 

Á Lead Acid: Lead acid batteries have been in commercial use in different 
applications for over a century.  Lead acid is the most widely used battery 
technology worldwide.  High performance variations of lead acid batteries are 
classified as advanced lead acid and are known to have a longer life.     
 

Á Lithium Ion batteries are increasingly used in many applications in buildings, 
factories, on the power grid, and in electric vehicles.  They include various types 
of chemistries, and include lithium-containing anodes combined with cobalt, 
nickel, manganese and phosphate based cathodes.  They can be adapted to 
many different Use Cases and are quickly becoming a dominant technology for 
new energy storage projects. 

 

Á High Temperature Sodium:  This type of battery is made from inexpensive, non-
toxic materials.  The battery operates at a high temperature (above 300oC) and 
has been shown to have a long cycle life.  

 

Á Zinc-based batteries combine zinc with various chemicals and are earlier in their 
development stage than some of the other battery technologies.  Historically, 
zinc batteries were not rechargeable, but developers are overcoming challenges 
to produce fully rechargeable zinc-based chemistries.  This technology is known 
for being lightweight, low-cost, and non-toxic. 

 
o Flow Batteries 
 

Á 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 electronsτflow of electricityτbetween 
the electrolytes. 
 

Á There are many different types of flow batteries, of which at least three varieties 
are currently commercially available:  vanadium redox flow batteries, zinc-iron 
flow batteries, and zinc-bromine batteries. Variations such as zinc-iron flow 
batteries and hydrogen-bromine flow batteries are also under development.  

 

¶ Thermal energy storage includes ice-based storage systems, hot and chilled water storage, 
molten salt storage and rock storage technologies.  In these systems excess thermal energy is 
collected for later use.  Examples include storage of solar energy for night heating; summer heat 
for winter use; winter ice for space cooling in the summer; and electrically generated heat or 
cooling when electricity is less expensive, to be released in order to avoid using electricity when 
the rates are higher. 
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¶ Electrical Storage - Supercapacitors and Superconducting Magnetic Energy Storage (SMES) 
systems store electricity in electric and electromagnetic fields with minimal loss of energy.  A 
few small SMES systems have become commercially available, mainly used for power quality 
control in manufacturing plants such as microchip fabrication facilities.  These technologies are 
ideal for storing and release high levels of energy over short bursts. 
 

¶ Chemical storage typically utilizes electrolysis of water to produce hydrogen as a storage 
medium that can subsequently be converted to energy in various modes, including electricity 
(via fuel cells or engines), as well as heat and transportation fuel (power-to-gas).  

1.2.2 Energy Storage Technologies - Performance Characteristics  

Each type of available energy storage system (ESS) has specific attributes.  These factors must be 

evaluated in order to choose the suitable technology for a specific purpose. Table 1-1 provides a 

comparison of different technical parameters, such as operating costs and technology maturity, as 

well as practical considerations, such as space requirements and development and construction 

periods for select ESS.  

The C-rate of the system is an important parameter that varies significantly between different 

energy storage types.  C-rate is an inverse measure of the rate (length of time) over which a system 

can provide its maximum rated power.  The range of discharge duration is therefore directly linked 

to the C-rate.  It is normally expressed in terms that look like 1C, 2C or C2.  For instance, a system 

with a C-rate of 2C can supply all its stored energy in ½ hour while a system with a C-rate of C2 (or 

0.5C) can do the same in 2 hours. Therefore, a system with a higher C rate can discharge at a higher 

maximum power than a similarly-sized system with comparable energy capacity but a lower C rate.  

In other words, systems with a higher C-rate have a higher power to energy ratio.  High power 

applications typically require systems with a high C-rate and short discharge duration.  These 

applications are particularly suitable for lithium ion and advanced lead acid batteries, as well as 

flywheels.  Sodium based batteries and flow batteries, as well as CAES and PHS, are more suitable for 

high energy and longer duration applications. C-rate is typically not used for CAES and Pumped 

Hydro because the duration of energy storage is not limited by the technology as in the case of 

electrochemical batteries, but is typically based on physical availability of storage capacity.  
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Round Trip Energy 
Efficiency (DC-DC) 

70-85% 85-95% 70-80% 60-75% 60-80% 50-65% 70-80% 

Range of Discharge 
Duration 

2-6 Hours .25ς4+ Hours 6-8 Hours 4-12 Hours .25-4 Hours 4-10 Hours 6-20 Hours 

C Rate C2 ς C6 4C ς C6 C6-C8 C4-C12 4C-C4 N.A. N.A. 

Cost range per 
energy available in 
each full discharge 
($/kWh) 

100-300 400-1000 400-600 500-1000 1000-4000 >150 50-150 

Development & 
Construction 
Period 

6 months -    
1 year 

6 months -    
1 year 

6 months -   
1.5 year 

6 months -    
1 year 

1-2 years 3-10 years 5-15 years 

Operating Cost High Low Moderate Moderate Low Moderate Low 

Estimated Space 
Required 

Large Small Moderate Moderate Small Moderate Large 

Cycle life: # of 
discharges of 
stored energy 

500-2000 2000 -6000+ 3000-5000 
5000 - 
8000+ 

100,000 10,000+ 10,000+ 

Maturity of 
Technology 

Mature Commercial Commercial 
Early - 

moderate 
Early - 

moderate 
Moderate Mature 

Table 1-1: Parameters for Select Energy Storage Systems (ESS)
13

 

As shown in the above tableΣ ǘƘŜ ǎȅǎǘŜƳǎΩ ǇǊƛŎŜǎ ǾŀǊȅ ƎǊŜŀǘƭȅΣ especially in terms of initial capital 
costs. Overall, the cost of energy storage is rapidly declining with scaling up of manufacturing and 
lessons learned from the early deployments. The cost of energy storage technologies have 
significantly decreased in recent years, driven by the growth of battery manufacturing for consumer 
electronics, stationary applications, and electric vehicles. As battery costs contribute to 
approximately 60-75% of an energy storage project (depending on the duration or energy capacity 
required), capital cost reductions can drive energy storage project development.14 According to IHS, 
average lithium-ion battery prices have decreased over 50% between 2012 and 2015, and are 
expected to decrease over 50% again before 2019.15 Advanced lead acid systems are typically the 
least expensive and have the most prolific application worldwide, even though they have a lower 
cycle-life (less lifetime based on the number of possible charge-discharge cycles of stored energy 
before capacity significantly degrades) compared to newer technologies.  Flow batteries, in contrast, 
may appear to be higher priced relative to other technologies due to their higher up front capital 
cost.  However, they can have a much longer cycle life (greater number of charges and discharges in 
ǘƘŜ ǎȅǎǘŜƳΩǎ lifetime), and therefore do not need to be replaced as quickly as other technologies.  
Therefore, ǘƘŜƛǊ άƭŜǾŜƭƛȊŜŘέ Ŏƻǎǘ (full cost over the lifetime of a project) is lower.  Accordingly, a 
levelized cost method is often used to compare costs across different energy sources or 
technologies. 

Other critical factors in the selection of energy storage technologies include space requirements and 
maturity of technology. With improvements in materials as well as system design, energy density of 

                                                             
13

 DOE-EPRI Energy Storage Handbook, and Customized Energy Solutions Analysis 
14

 Energy Storage Update, Lithium-ion costs to fall by up to 50% within five years, July 30, 2016; 

http://analysis.energystorageupdate.com/lithium-ion-costs-fall-50-within-five-years  
15

 IHS, Price Declines Expected to Broaden the Energy Storage Market, IHS Says, November 25, 2015; 
http://press.ihs.com/press-release/technology/price-declines-expected-broaden-energy-storage-market-ihs-says  

http://analysis.energystorageupdate.com/lithium-ion-costs-fall-50-within-five-years
http://press.ihs.com/press-release/technology/price-declines-expected-broaden-energy-storage-market-ihs-says
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most storage technologies is increasing and particularly Li-Ion batteries are finding applications 
where space and/or weight is a critical consideration. In terms of maturity, Lead Acid batteries have 
been around for over 100 years and are very mature in terms of technology performance and 
manufacturing. Li-Ion batteries have also reached commercial maturity with multiple companies 
setting up gigawatt-hour scale manufacturing. 

Figure 1-3 depicts the steadily decreasing capital costs ($/kWh-cycle) of certain storage technologies.  

The depicted levelized cost shown takes into account the total predicted cycle life, or the 

operational lifetime of the technology, and thus normalizes the capital cost over the entire lifetime 

of the project.  

 

 
Figure 1-3: Forecast of Estimated Capital Costs by Storage Technology and Type

16
 

Costs are significantly decreasing for storage technologies and other storage system components 

such as inverters or battery management systems.  Lead-acid batteries, such as car batteries, have a 

limited lifetime of use and therefore have a high cost of lifetime energy.  Lithium-ion batteries have 

the most significant expected decrease in cost, making them potentially the least expensive of all 

storage technologies (including PHS) by the year 2018.  GTM Research forecasts a 40% decline in the 

cost of all the secondary components of a storage system (for example the inverters, wiring, 

temperature regulation, and other equipment constituting the Balance of System), excluding the 

primary system (for example, any co-located PV panels), in the next five years.17 

                                                             
16 

Source: Customized Energy Solutions and India Energy Storage Alliance analysis. 
17

 GTM Research, Grid-Scale Energy Storage Balance of Systems 2015-2020: Architectures, Costs and Players, January 2016;  
http://www.greentechmedia.com/research/report/grid-scale-energy-storage-balance-of-systems-2015-2020 

http://www.greentechmedia.com/research/report/grid-scale-energy-storage-balance-of-systems-2015-2020


 
STATE OF CHARGE 
Massachusetts Energy Storage Initiative Study 
 

  

CHAPTER 1                                                                                                                                           9 | P a g e 
 

1.3   Benefits of Storage  

1.3.1     Energy Storage is άDispatchableέ  

Advanced energy storage resources are capable of dispatching electricity within seconds.  Electric 
power grid operators need to keep the electric power system in balance reacting rapidly to small 
changes in load and demand.  For example, when a wind plant is generating more than is needed to 
serve the load, an energy storage resource Ŏŀƴ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ƎǊƛŘ ƻǇŜǊŀǘƻǊΩǎ dispatch signal to 
absorb the extra electricity on the grid as opposed to curtailing ς or shutting down ς the renewable 
resource.  This provides a reliability benefit to the system operator, while also storing clean energy 
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 need for natural gas or 
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 
second-by-second balance of fluctuations on the grid. 

1.3.2 Energy Storage is a Proven Technology 

Many energy storage technologies are used today by utilities and grid operators in commercial 
operation throughout the world, providing validation that that 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 grid.  The U.S. Department of Energy, for example, has 
been providing independent testing and validation of electrical energy storage systems on both a 
small and large scale for many years through its Energy Storage Program .18   

1.3.3 Energy Storage and Ease of Siting 

Advanced energy storage projects are easier to site than many traditional generation projects.  One 
advantage is that these projects do not produce direct air emissions, meaning they do not have to 
complete significant modifications to comply with air quality standards.  Their ability to store energy 
is not reliant on natural resources, such as running water, or natural gas infrastructure, such as 
pipelines.  As a result, the permitting process is simpler for such projects and construction timelines 
considerably reduced. 
 
Another major benefit is that advanced energy storage 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 is an extensive undertaking with large land 
requirements.  Advanced energy storage, in contrast, can easily be added to local areas to provide 
ƎǊƛŘ ǎǘŀōƛƭƛǘȅΣ ŜƭƛƳƛƴŀǘƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ƴŜǿ ƎŀǎπŦƛǊŜŘ ƎŜƴŜǊŀǘƛƻƴ ƻǊ ǘǊŀƴǎƳƛǎǎƛƻƴ ǘƻ ǎƻƭǾŜ ǘƘŜǎŜ ƭƻŎŀƭ 
reliability needs.   

                                                             
18

 U.S. Department of Energy Resources, Energy Storage : http://energy.gov/oe/services/technology-development/energy-
storage  

http://energy.gov/oe/services/technology-development/energy-storage
http://energy.gov/oe/services/technology-development/energy-storage
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1.3.4 9ƴŜǊƎȅ {ǘƻǊŀƎŜ ƛǎ άvǳƛŎƪ ǘƻ aŀǊƪŜǘέ 

As previously mentioned, advanced energy storage systems have very short construction periods.  
Once an order is placed to the factory, the energy storage project can be delivered within months ς 
not years ς to the site.  Figure 1-4 illustrates siting, permitting and installation times for energy 
storage compared to traditional generation and transmission lines. 
 

 

Figure 1-4: Energy Storage: Siting, Permitting, and Installation Times by Resource
19

 

1.3.5 Energy Storage is Modular in Design 

Since energy storage systems are often modular in design, the components to operate and 
interconnect the storage resource are enclosed in simple containerized structuresΦ  ¢Ƙƛǎ άǇƭǳƎ ŀƴŘ 
Ǉƭŀȅέ ŎƻƴŎŜǇǘ ƳŀƪŜǎ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ Ŝŀǎȅ ǘƻ ƭƻŎŀǘŜ at an existing power plant, a utility substation, or 
at a consumer site (such as a house, a factory or a shopping center).  The modular approach also 
means that increments of capacity can be added easily to increase the size of the project.  The 
modules, or many storage cells, can also operate in parallel, providing redundancy and thus a stable 
and continuous power supply, as seen in Figure 1-5.  The failure of one component will not lead to 
failure of the system. 
  

                                                             
19

Source: Strategen  
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The battery stack for a sodium-sulphur (NaS) system. Each of the yellow containers is a single battery cell. Multiple cells 
are packed together to produce a 50 kW stack.  An entire storage system consists of multiple stacks assembled together 
along with the appropriate thermal management system, battery management system and power conditioning 
equipment.  (Source: NGK Insulators). 

Figure 1-5: Components of a Battery Module 

1.4   Energy Storage Applications 

SǘƻǊŀƎŜΩǎ ǳnique physical characteristics, described above, enable it to perform multiple functions 
on the electric grid and at the customer level, as diagrammed below in Figure 1-6.  The ability to 
store energy when there is no demand and deploy energy when needed to serve load can be applied 
to all aspects of the energy system.  In addition, storage systems can function like a power plant, 
dispatching electricity.  When renewable resources such as solar, wind or hydropower produce 
excess energy, storage can store it for later use, reducing energy waste.   
 

 

Figure 1-6: Representation of the Diversity of Potential Storage Grid Locations (Source: EPRI) 
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Use of energy storage at the transmission level can assist planning, operations, and reliability.  By 
providing flexibility at locations where electricity is dispatched, transmission planning can be more 
cost effective and efficient.  Installing storage along transmission infrastructure can help manage the 
flow of electricity by maintaining constant voltage and reducing overheating.  Energy storage can 
ensure there is enough electricity in reserve and provide a quick response if the system is not in 
balance.   
 
Generators, utilities, and customers can utilize storage to shift energy use from high price periods by 
charging their systems during periods of low cost.  It can supply electricity in highly localized areas 
that can help defer the need to upgrade existing generation or transmission infrastructure.  It can 
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 back-up power for times when 
the power grid goes down and can shift ŜƴŜǊƎȅ ǳǎŀƎŜ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŜƭŜŎǘǊƛŎ ōƛƭƭΦ  Lǘ Ŏŀƴ 
also integrate with the wholesale electricity market by discharging stored energy during periods 
when there is not enough electricity being generated to meet the demand.  The applications and 
benefits of storage to the Massachusetts energy system are described in greater detail in Chapter 2.   

1.5   U.S. and Global Market for Advanced Energy Storage 

Although advanced storage is often presented as a new set of technologies, there are many 

examples of energy storage projects that are in operation throughout the United States and around 

the world.  

According to the U.S. Department of Energy, there are already more than 400 MW of advanced 

energy storage in operation in the U.S. (See Figure 1-7). In 2015 alone, there were 221 MW of new 

deployments of energy storage in the U.S., an increase of 243% over the installations in the U.S. for 

the year 2014.20   Massachusetts has also seen a growth in the interest in energy storage, with 1.4 

MW of currently operational advanced storage and 12.5 MW announced or proposed for 

development, an increase of almost 900%. 

 

 

Figure 1-7: Operational Advanced Energy Storage in the United States 

                                                             
20

 Energy Storage Association & GTM Research; U.S. Energy Storage Monitor: 2015 Year in Review. March 9, 2016. 
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By 2020, the rate of storage installations in the U.S is estimated to grow to 1.7 GWs of annual 

deployments, which equates to an annual market of $2.5 billion in 2020, according to the U.S. 

Energy Storage Monitor: 2015 Year in Review and presented in Figure 1-8 and Figure 1-9.21  This 

report also estimates that there will be over 4 GWs of installed energy storage in the U.S. by 2020.  

 

Figure 1-8: GTM Research Estimate of Energy Storage Growth 

 

Figure 1-9: GTM Research Estimate of Energy Storage Market 

 

 

                                                             
21

 Energy Storage Association & GTM Research; U.S. Energy Storage Monitor: 2015 Year in Review. March 9, 2016. 
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The GTM market outlook predicts significant growth in the U.S. market with annual energy storage 

deployments from 2012 to 2020 totaling 4,445 MW of deployed storage in the U.S. by 2020 (Figure 

1-10). 

 

Figure 1-10: GTM Research Storage Market Outlook 2012-2020
22

 

Globally, the total of energy storage projects in 2016 amounts to almost 2 GWs, not including 

pumped hydro (see Figure 1-11).  Energy storage deployments are growing around the world τ 

particularly in the United States, Spain, Germany, the UK, Canada, France and Japan.23   

 

Figure 1-11: Operational Advanced Energy Storage Globally in Megawatts, by Commissioning Year
24

 

                                                             
22

 Energy Storage Association & GTM Research; U.S. Energy Storage Monitor: 2015 Year in Review. March 9, 2016. 
23

 U.S. Department of Energy, DOE Global Energy Storage Database, Top 10 Countries, May 12, 2016; 
http://www.energystorageexchange.org/projects/data_visualization 

24
Source: DOE Global Energy Storage Database, March 23, 2016: www.energystorageexchange.org  

http://www.energystorageexchange.org/
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1.5.1 Advanced Energy Storage Market by State 

Many states are now embracing energy storage as a solution for various reliability challenges facing   
the electric grid.  Energy storage is often proving to be a viable solution to challenges from power 
plant closures and renewable integration, as well as the high cost, lengthy time, and onerous 
permitting required to build new generation and transmission. Compared to other states, 
Massachusetts is recognized as a leader in energy efficiency and renewable energy policy, but 
currently stands 23rd with respect to the amount of storage either built or planned (see Figure 1-12). 
 

 

Figure 1-12: Planned and Operational Energy Storage Deployment by State
25

 
26

 

                                                             
25

 ΨtƭŀƴƴŜŘΩ ǊŜŦŜǊǎ ǘƻ ǇǊƻƧŜŎǘǎ ƭƛǎǘŜŘ ŀǎ ŜƛǘƘŜǊ Announced, Contracted, or Under Construction in the DOE Global Energy 
Storage Database. This excludes pumped storage. 
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To date, the primary drivers for energy storage development nationally have been a direct result of: 
 

¶ Market rules that enable advanced energy storage technologies to sell wholesale market 
services to the regional grid operator τ in particular the Mid-Atlantic grid operator (known as 
άtWaέ27ύ ŀƴŘ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ ƎǊƛŘ ƻǇŜǊŀǘƻǊ όƪƴƻǿƴ ŀǎ ά/!L{hέύ ƘŀǾŜ ǊǳƭŜǎ ŦƻǊ ŀŘǾŀƴŎŜŘ ǎǘƻǊŀƎŜ 
participation; and  
 

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

1.5.2 State Polices 

Many states have implemented programs and policies to realize the benefits of energy storage.   
 
CALIFORNIA 
 
California has 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 into state mandated procurement requirements of 1,325 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:  
 
ω Reduce emissions of greenhouse gases. 
ω Reduce demand for peak electrical generation. 
ω Defer or substitute for an investment in generation, transmission, or distribution assets. 
ω Improve the reliable operation of the electrical transmission or distribution grid. 
 
From this mandated procurement, California now has a comprehensive state program aimed at 
integrating well over 1,000 MW of energy storage at the customer, distribution, and transmission 
levels.   
 
California has many other examples of programs and policies that have encouraged energy storage 
development.  For example, Southern California Edison (SCE), an investor owned utility with 14 
million customers, announced the procurement of 261 MW of energy storage resources in 
November 2014 in part to mitigate the closing of the San Onofre nuclear plant.  The storage will 
alleviate local reliability concerns in the Los Angeles Basin identified by the California Public Utilities 
Commission (CPUC) in the Long Term Procurement Planning proceeding28.  Once deployed, the 
systems will provide a number of services to SCE's power grid, including ensuring adequate available 
electrical capacity to meet reliability requirements.  

TEXAS 

                                                                                                                                                                                              
26

 DOE Global Energy Storage Database. December 2015.  http://www.energystorageexchange.org 
27

 PJM Interconnection LLC (PJM) is a regional transmission organization (RTO) in the United States. It is part of the Eastern 
Interconnection, operating an electric transmission system serving all or parts of Delaware, Illinois, Indiana, Kentucky, 
Maryland, Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia, and the District 
of Columbia. 

28
 On 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 Angeles basin to meet long term local capacity requirements by 2021.  Of this amount, 261 MW were 
new storage resources. 

http://www.energystorageexchange.org/
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!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ !ƳŜǊƛŎŀƴ ²ƛƴŘ 9ƴŜǊƎȅ !ǎǎƻŎƛŀǘƛƻƴ ό!²9!ύΩǎ нлмр ŦƻǳǊǘƘ ǉǳŀǊǘŜǊƭȅ ǊŜǇƻǊǘΣ άTexas 
continues to lead the nation with over 17,700 MW of installed wind capacity, more than twice the 
ƛƴǎǘŀƭƭŜŘ ŎŀǇŀŎƛǘȅ ƻŦ ŀƴȅ ƻǘƘŜǊ ǎǘŀǘŜΦέ  9ƴŜǊƎȅ ǎǘƻǊŀƎŜΣ therefore, is a natural fit to help balance or 
άǎƳƻƻǘƘέ ǘƘŜ ƛƴǘŜǊƳƛǘǘŜƴǘ ƻǳǘǇǳǘ ƻŦ ǘƘŜse renewable resources. 
 
The Duke Notrees project, which began operation in early 2013, is analyzing how the integration of 
energy storage can compensate for the inherent intermittency of this renewable power generation 
resource29. 

 

 

Figure 1-13: Duke Notrees Storage Facility in Texas 

 

NEW YORK 

Consolidated Edison (ConEd) in New York recently proposed the $200 million worth of non-
traditional solutions through its Brooklyn Queens Demand Management Program (BQDM) to defer 
the $1 billion substation upgrade 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 energy storage in 
Queens,30 which will add both capacity and flexibility to the utilities load management portfolio.31 
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 (1 MW for 12 hours or 2 MW for 6 hours) 

                                                             
29

 U.S. Department of Energy, Duke Energy Business Services: Notrees Wind Storage Demonstration 
Project;https://www.smartgrid.gov/files/OE0000195_DukeEnergy_FactSheet.pdf  

30
 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  

31
 ConEd, Brooklyn Queens Demand Management Program, August 27, 2015; 
https://www.coned.com/energyefficiency/pdf/BQDM-program-update-briefing-08-27-2015-final.pdf  

https://www.smartgrid.gov/files/OE0000195_DukeEnergy_FactSheet.pdf
http://documents.dps.ny.gov/public/MatterManagement/CaseMaster.aspx?MatterSeq=45800
https://www.coned.com/energyefficiency/pdf/BQDM-program-update-briefing-08-27-2015-final.pdf
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with construction beginning before the end of 2016.32 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 appliance use.33   

άThis is offsetting some of the megawatts needed so that all the customers can be serviced even on 
the hottest day when all the air conditioners are running, which is what the full Brooklyn Queens 
Demand Management (BQDM) program is designed for.έ /ŀǊƻƭ /ƻƴǎƭŀǘo, Queens Director of 
Consolidated Edison Public AffairsΦέ  

 

 

Figure 1-14: Estimated Load Growth in Brooklyn and Queens, New York City
34

 

MID-ATLANTIC AND NORTHEAST STATES 

PJM, the regional grid operator for the mid-Atlantic region covering 13 states and the District of 
Columbia, is currently home to the majority of the operating grid-connected advanced energy 
storage project capacity in the U.S., with almost 300 MW of batteries and flywheels installed.  These 
resources were attracted to PJM because changes to the wholesale market rules removed barriers 
to advanced energy storage projects by not only enabling full participation of advanced storage in 
the markets, but also by valuing their high speed of response and accurate performance in providing 
grid-balancing services.  Some examples of operating energy storage projects in PJM are below. 

In 2011, AES Energy Storage, a subsidiary of global power company AES Corporation, installed the 32 
a² [ŀǳǊŜƭ aƻǳƴǘŀƛƴ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ tǊƻƧŜŎǘ ŀǘ !9{Ωs Laurel Mountain wind plant in West Virginia to 

                                                             
32

 ConEd, BQDM Quarterly Expenditures and Program Report, November 30, 2015; 
http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId={A2CA7AA5-35BD-47C7-88DE-680FD3FCD47F}  

33
 QNS, Con Ed hopes battery system will keep south Queens charged all summer; http://qns.com/story/2016/02/08/con-
ed-hopes-battery-system-will-keep-south-queens-charged-summer/  

34
 Consolidated Edison Company of New York, Inc., Brownsville Load Area Plan, Case 13-E-0030, August 21, 2014; 
http://www.bkreader.com/wp-content/uploads/2016/02/FA6E8548-E790-4E6A-8BF2-61DDF62EAB4E.pdf  

http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7bA2CA7AA5-35BD-47C7-88DE-680FD3FCD47F%7d
http://qns.com/story/2016/02/08/con-ed-hopes-battery-system-will-keep-south-queens-charged-summer/
http://qns.com/story/2016/02/08/con-ed-hopes-battery-system-will-keep-south-queens-charged-summer/
http://www.bkreader.com/wp-content/uploads/2016/02/FA6E8548-E790-4E6A-8BF2-61DDF62EAB4E.pdf
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provide fast-response Frequency Regulation service to PJM and to help manage ramping of the wind 
plant. 

 

Figure 1-15: 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 Project at LƴǾŜƴŜǊƎȅΩǎ DǊŀƴŘ wƛŘƎŜ ǿƛƴŘ 
plant in Illinois to also provide fast-response Frequency Regulation service to PJM. 

 

 

Figure 1-16: Invenergy Facility in Grand Ridge, Illinois 
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άEnergy storage technology is the silver 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 economic valueΦέ 

 

 

VERMONT 

Vermont specifically addresses energy storage in their recently updated Comprehensive Energy Plan 
τ its key policy goal is meeting 90% of its energy needs from renewable resources by 2050 (40% by 
нлорύΦ  ¢ƘŜ ǎǘŀǘŜΩǎ ŘǊƛǾŜ Ŧƻr a more distributed  renewable mix of generation resources combined 
with the decreasing costs of energy storage should drive increased opportunities τ and incentives 
τfor broader implementation of storage technologies.   
 
Vermont is also leading the way in offering energy storage systems to the mass market.  In 
5ŜŎŜƳōŜǊ нлмрΣ DǊŜŜƴ aƻǳƴǘŀƛƴ tƻǿŜǊ ŀƴƴƻǳƴŎŜŘ ŀ ǇǊƻƎǊŀƳ ǘƻ ƻŦŦŜǊ ¢ŜǎƭŀΩǎ tƻǿŜǊǿŀƭƭ ŜƴŜǊƎȅ 
storage system to residential customers. Deployment of the systems into homes began in May 2016. 
At the grid level, Vermont, again with Green Mountain Power, is demonstrating a 4 MW battery 
energy storage system combined with 2 MW of photovoltaic solar generation as part of the Rutland 
ά9ƴŜǊƎȅ /ƛǘȅ ƻŦ ǘƘŜ CǳǘǳǊŜέ ǇǊƻƧŜŎǘ. 

 

 

Figure 1-17: Residential Application of Tesla Power Wall to be deployed in Vermont 

In summary, the storage industry is expanding both nationally and globally.  Energy storage is 
currently a viable technology resource and in commercial operation for many different types of 
applications throughout the world.   
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1.6   Opportunities for Storage in Massachusetts 

1.6.1  Projects in Massachusetts 

The energy storage community is already active in Massachusetts and the New England region, 
ŜǎǇŜŎƛŀƭƭȅ ǿƛǘƘ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŦǊƻƳ ǘƘŜ ǊŜƎƛƻƴΩǎ superior academic institutions and cutting-edge 
industry. Utilities, project developers and end-use customers are eager to integrate energy storage 
into their businesses.   
 
Advanced energy storage project development is already happening in Massachusetts τ albeit on a 
smaller scale than many other states τ totaling less than 2 MW currently in operation.  The 
operational projects include nearly 500 k² ƻŦ ŦƭȅǿƘŜŜƭ ŎŀǇŀŎƛǘȅ ŀǘ .ƻǎǘƻƴΩǎ .ŜǘƘ LǎǊŀŜƭ 5ŜŀŎƻƴŜǎǎ 
Medical Center, where the flywheels provide emergency datacenter backup power.  There are 1.4 
MW of battery storage installations in Massachusetts, with one ǇǊƻƧŜŎǘ ŀǘ .WΩǎ ²ƘƻƭŜǎŀƭŜ /ƭǳō in 
Framingham, which has adopted a third party battery and energy management platform, and two 
demonstration projects by National Grid, an Investor Owned Utility (IOU).  Advanced storage has 
seen a rapid increase in interest with many more projects, recently proposed or announced, totaling 
an additional capacity of over 19 MW and even more projects announced that have yet to finalize 
their capacity. 
 
 

 

Figure 1-18: Advanced Storage in Massachusetts
35

  

While the deployed amounts to date are low in Massachusetts, especially as compared to other 
states, there are plans underway to expand energy storage.  Each of the three IOUs in Massachusetts 
considered energy storage in their Grid Modernization Plans (GMPs) submitted in 2015 to the DPU.  

o Eversource includes one storage project in its Short Term Investment Plan (STIP) within 
five years τ a distribution-level energy storage project for renewable integration of 
solar at a substation in the City of New Bedford, MA.  
 

o National Grid and Unitil include energy storage in the research, development and 
demonstration (RD&D) portion of their GMPs over the next ten years.  bŀǘƛƻƴŀƭ DǊƛŘΩǎ 
energy storage program will investigate the benefits provided by both large and small 

                                                             
35

 DOE Global Energy Storage database; http://www.energystorageexchange.org/ and Massachusetts Department of 
Energy Resources 

http://www.energystorageexchange.org/
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customer behind the meter installations, distributed storage programs to improve 
power delivery, and high-density community 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 systems and Use Cases.  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 

¢ƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŦǊŀƳŜǿƻǊƪ ƻŦ ǇǳōƭƛŎ ǇƻƭƛŎȅΣ ƛƴǾŜƴǘƛƻƴΣ ƛƴƴƻǾation, and increased adoption of 
clean energy technologies is well underway.  The Massachusetts framework involves governmental 
RD&D funding, establishment of consensus and industry standards, incentive programs, and industry 
programs and initiatives, all operating 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 Commonwealth.  The following graphic shows the 
financial impact on the Massachusetts economy.  Energy storage can add to this success by creating 
jobs and bringing business to Massachusetts.  
 

 
Figure 1-19: Clean Energy Contributions to State Economic Development

36
 

 
Energy storage is already a part of the existing Massachusetts clean energy landscape.  In January 
2016, the Study Team for this report identified 67 organizations with offices and local staff in 
Massachusetts directly linked to energy storage in the areas of: project development, investment, 
and research.  Institutions such as the Massachusetts Institute of Technology (MIT), Boston College, 
Fraunhaufer, and others have robust research facilities and teams in the region that contribute to 
developing early stage start-ups.  Companies such as Ambri Inc. (an MIT spinout) have emerged 
either directly from these institutions or with their support and funding.  NEC Energy Solutions, one 
of the largest suppliers of grid storage, is based in Massachusetts.  General Electric, another 
frontrunner in the energy storage space, will soon be moving its headquarters to Massachusetts.  
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 Massachusetts Clean Energy Center: 2015 Massachusetts Clean Energy Industry Report; http://www.masscec.com/2015-
massachusetts-clean-energy-industry-report  

 

http://www.masscec.com/2015-massachusetts-clean-energy-industry-report
http://www.masscec.com/2015-massachusetts-clean-energy-industry-report
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This growing energy storage industry can expand on the success of the clean energy industry, 
bringing in new business to Massachusetts and creating new jobs. 

1.7   Conclusion 

Massachusetts is a renowned leader for its policies promoting the implementation of energy 
efficiency investments and 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, and the CommonwealthΩǎ ŜŎƻƴƻƳȅ.  Policy makers have the ability to 
consider energy storage in their ongoing plans to ensure the provision of safe, reliable, clean, secure, 
and cost effective energy for consumers.  
 
Investment decisions made today τ in transmission, generation, and new technologies τ to meet 
aŀǎǎŀŎƘǳǎŜǘǘǎΩ ƭƻƴƎ-term economic, reliability, and greenhouse gas (GHG) reduction goals, will 
impact the MassachusettsΩ customer and economy for decades to come.  The variety of storage 
technologies and their diverse physical attributes give storage a wide selection of possible 
applications.  In the next chapter, we will review how the benefits of storage systems can be applied 
to MassachusettsΩ ŜƴŜǊƎȅ ŎƘŀƭƭŜƴƎŜǎ. 
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2 Massachusetts Energy Challenges and Storage Applications 
 

άaƻŘŜǊƴƛȊƛƴƎ ǘƘŜ ŜƭŜŎǘǊƛŎ ǎȅǎǘŜƳ ǿƛƭƭ ƘŜƭǇ ǘƘŜ ƴŀǘƛƻƴ ƳŜŜǘ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ ƘŀƴŘƭƛƴƎ ǇǊƻƧŜŎǘŜŘ 

energy needsτincluding addressing climate change by integrating more energy from renewable 

sources and enhancing efficiency from non-renewable energy processes. Advances to the 

electric grid must maintain a robust and resilient electricity delivery system, and energy storage 

can play a significant role in meeting these challenges by improving the operating capabilities of 

the grid, lowering cost and ensuring high reliability, as well as deferring and reducing 

infrastructure investments. Additionally, energy storage can be instrumental for emergency 

preparedness because of its ability to provide backup power as well as grid stabilization 

ǎŜǊǾƛŎŜǎΦέ 

U.S. Department of Energy Whitepaper on Grid Energy Storage (Dec 2013)  

 

2.1   Introduction 

¢ƘŜ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ƛǎ ŜȄǇŜǊƛŜƴŎƛng unprecedented change and challenges, including, 
the planned and at risk retirement of almost 10,000 megawatts (MW) of traditional baseload power 
plants, a growing reliance on natural gas for electric generation, the use of high-emitting oil 
generation to 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 energy policy makers and system operators ,  as well 
as opportunities to employ new technologies, such as energy storage, to address these challenges. 

The electricity system operates on a "just-in-ǘƛƳŜϦ ōŀǎƛǎ ҍ ǿƛǘƘ ŘŜŎƛǎƛƻƴǎ ŀōƻǳǘ power plant dispatch 
that are based on real-time demand and the availability of transmission to deliver it. Generation and 
load must always be perfectly balanced to ensure high power quality and reliability to end 
customers. With power plant retirements and the rapidly growing amounts of variable wind and 
solar generation now being deployed, guaranteeing this perfect balance is becoming more 
challenging.  

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

Opportunities for energy storage include the following: 

¶ Firming renewable energy. Wind and solar resources are increasing in numbers but are 
ŎƻƴǎƛŘŜǊŜŘ άƛƴǘŜǊƳƛǘǘŜƴǘ ǊŜǎƻǳǊŎŜǎέΦ  ¢ƘŜǊŜ ƛǎ ƭŜǎǎ ŎŜǊǘŀƛƴǘȅ ŀōƻǳǘ ǘƘŜƛǊ ƻǳǘǇǳǘ ŀǎ ǘƘŜȅ ǊŜƭȅ 
on the wind and the sun.   Even small 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 difference. Energy storage can ōŜ ǳǎŜŘ ǘƻ άŦƛǊƳέ ŀƴŘ ōŀƭŀƴŎŜ 
renewable energy generation thereby enhancing reliability and providing both economic and 
environmental benefits. 

¶ Lowering electricity prices by enabling use of low-cost energy that is stored during off-peak 
periods to be used to serve load during more expensive peak periods. 
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¶ Avoiding or deferring the need for transmission line upgrades in locally constrained areas of 
the state that have lost significant local generation resources. 

¶ Enabling utilities to reliably and cost-effectively interconnect distributed energy resources, 
particularly distributed solar, at their substations.  

¶ Increasing grid resiliency by mitigating the impacts of power outages due to severe weather, 
including direct and indirect economic impacts for residents, businesses and municipalities, 
particularly for those with critical facilities. 

¶ Helping Massachusetts businesses and residents better manage their electricity use and 
reduce electricity costs, by using on-site storage.  

¶ {ǳǇǇƻǊǘƛƴƎ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ǘƘŜ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ŎƭŜŀƴ ŜƴŜǊƎȅ ǎŜŎǘƻǊ ōȅ ŦǳǊǘƘŜǊƛƴƎ ƛƴŘǳǎǘǊȅ 
growth and job creation.  

The following chapter discusses how energy storage can be used to address Massachusetts energy 
challenges to ensure a clean, affordable, resilient energy future for the Commonwealth. In 
subsequent chapters the study will review a detailed analysis of how much storage could be cost 
ŜŦŦŜŎǘƛǾŜƭȅ ǳǘƛƭƛȊŜŘ ōȅ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ŀƴŘ ǘƘŜ ōŀǊǊƛŜǊǎ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘΦ  

2.1.1 Massachusetts Energy Policy 

The Baker-Polito 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) ContiƴǳƛƴƎ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ŀ ŎƭŜŀƴ ŜƴŜǊƎȅ ŦǳǘǳǊŜ ŀƴŘ compliance with 

the Global Warming Solutions Act (GWSA) which requires greenhouse gas emissions 

reductions of 25 percent by 2020 and 80 percent by 2050 over 1990 baseline levels, and  

3) EnsurinƎ ŀ ǎŀŦŜΣ ǊŜƭƛŀōƭŜΣ ŀƴŘ ǊŜǎƛƭƛŜƴǘ ŜƴŜǊƎȅ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦƻǊ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ 

residents and businesses. 

To meet these objectives the Baker-Polito Administration is pursuing a balanced and diversified 

ŜƴŜǊƎȅ ǇƻǊǘŦƻƭƛƻΣ ŀ άŎƻƳōƻ ǇƭŀǘǘŜǊέ ŀǇǇǊƻŀŎƘ ǘƘŀǘ ƛƴŎƭǳdes: 

Å Hydroelectric power 
Å Solar and wind power 
Å New electric and gas transmission 
Å Energy Efficiency  
Å Energy storage and other grid innovations 

 

Recognizing that energy storage can be a valuable component of a diversified energy portfolio for 

the Commonwealth, in May 2015 the Baker-Polito Administration launched the $10 million Energy 

Storage Initiative to evaluate and demonstrate the benefits of deploying energy storage 

technologies in Massachusetts.  As part of the initiative, the Department of Energy Resources (DOER) 

and the Massachusetts Clean Energy Center (MassCEC) partnered to conduct a study to analyze the 

economic benefits and market opportunities for energy storage in the state, as well as examine 

potential policies and programs that could be implemented to better support both energy storage 

deployment and growth of the storage industry in Massachusetts. The Energy Storage Initiative will 
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assist Massachusetts policy makers in determining how best to utilize this resource. Energy storage 

can be a game changer for reliably and cost-effectively moving towards the grid of the future. 

 

άaŀǎǎŀŎƘǳǎŜǘǘǎ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǘƻ ƭŜŀŘ ǘƘŜ ǿŀȅ ƻƴ ŎƭŜŀƴ ŜƴŜǊƎȅΣ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ǘƘŜ ŀŘƻǇǘƛƻƴ 
of innovative technologies such as energy storage. These efforts, and our legislative proposal to 
bring additional hydroelectricity and other renewable resources into the region, will ensure we 
meet our ambitious greenhouse gas emission reduction targets while also creating a stronger 
ŜŎƻƴƻƳȅ ŦƻǊ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΦέ   
  

- DƻǾΦ .ŀƪŜǊΣ DƻǾŜǊƴƻǊǎΩ !ŎŎƻǊŘ ŦƻǊ ŀ bŜǿ 9ƴŜǊƎȅ CǳǘǳǊŜ ǇǊŜǎǎ ǊŜƭŜŀǎŜΣ CŜōǊǳŀǊȅ нлмс 

 
 

2.2  aŀǎǎŀŎƘǳǎŜǘǘǎΩ 9ƴŜǊƎȅ /ƘŀƭƭŜƴƎŜǎ ǿƘŜǊŜ {ǘƻǊŀƎŜ Ŏŀƴ Ǉƭŀȅ ŀ ǊƻƭŜ 

2.2.1 System must be Sized to Peak Demand to Maintain Reliability 

 

Figure 2-1: 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, have storage capacity 
to meet more than 10% of the daily consumption whereas (Figure 2-1) storage currently makes up 
less than 1% of daily electricity consumption in Massachusetts.  Because electricity travels 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 the electric grid to have substantial infrastructure to maintain 
reliability. All grid infrastructure τ including generation, transmission and distribution τ must 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 
(Figure 2-2).   
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Figure 2-2: ISO-NE System Annual Hourly and Weekly Demand 2014
37

 

The need to size all grid infrastructure to the highest peak results in system inefficiencies, 
underutilization of assets and high cost to ratepayers. Figure 2-3 shows that energy costs are heavily 
skewed to a few high cost hours which have a significant impact of the total annual energy cost to 
ratepayers.  Over the last three years from 2013 ς 2015, 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 average, accounted for 40% of annual 
electricity spend or over $3 billion in cost to ratepayers per year.38 
 

                                                             
37

 Source: ISO-NE Hourly Load Data 
38

 Ibid. 



 
STATE OF CHARGE 
Massachusetts Energy Storage Initiative Study 
 

  

CHAPTER 2                                                                                                                                          29 | P a g e 
 

 
 

Figure 2-3: Hourly Energy Spend for Massachusetts 
39

 

 

Figure 2-4 illustrates the cost disparity for a peak winter and summer day. In 2014, one summer 
dayΩǎ ŜƭŜŎǘǊƛŎƛǘȅ Ŏƻǎǘ ǎǳǊƎŜŘ ŦǊƻƳ $33/MWh to $94/MWh, almost a 3-fold increase. Peak electricity 
costs are even more pronounced during winter peaks because of natural gas constraints and 
coincident demand for heating and electric generation. On one winter day in 2014, energy costs 
increased from $70/MWh during the night to over $700/MWh at evening peak, a more than a 
1000% increase.  

                                                             
39

 Source: Department of Energy Resources and ISO-NE Pricing Reports; http://www.iso-
ne.com/isoexpress/web/reports/pricing  

http://www.iso-ne.com/isoexpress/web/reports/pricing
http://www.iso-ne.com/isoexpress/web/reports/pricing
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Figure 2-4: Average Demand and Price Peaks for a Peak Summer and Winter Day in Massachusetts 2014

40
 

Until recently the ability to store electricity across the electric grid was limited, but now advances in 

new energy storage technologies, such as grid-scale batteries, is making wide-scale deployment of 

electricity storage viable.  With advances in new electric 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 cost off-peak 

periods to serve load during expensive peak periods, thereby improving the overall utilization and 

economics of the electric grid (Figure 2-5).   

                                                             
40

 Source: Massachusetts Department of Energy Resources and ISO-NE Pricing Reports; http://www.iso-
ne.com/isoexpress/web/reports/pricing/-/tree/zone-info  

http://www.iso-ne.com/isoexpress/web/reports/pricing/-/tree/zone-info
http://www.iso-ne.com/isoexpress/web/reports/pricing/-/tree/zone-info
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Figure 2-5: Energy storage can use off peak energy during times of high demand 

 

2.2.2 Peak Demand is Growing 

In 2015, the peak demand for Massachusetts was 11,443 MW. Figure 2-6 depicts the significant 
impact that energy efficiency has had on reducing annual energy consumption, but also shows that 
peak demand continues to grow at a rate of 1.5% per year.  As the peak continues to rise, 
Massachusetts and New England will have to expand the capacity of the energy system despite little 
or no increase in average load. Funding the required investments to meet this peak will drive up 
electricity prices. 

 
Figure 2-6: While Energy Efficiency has Decreased Average Energy Consumption, Peak Continues to Grow

41
 

                                                             
41

 ISO-NE, State of the Grid - 2016, January 26, 2016; http://www.iso-ne.com/static-
assets/documents/2016/01/20160126_presentation_2016stateofthegrid.pdf  

http://www.iso-ne.com/static-assets/documents/2016/01/20160126_presentation_2016stateofthegrid.pdf
http://www.iso-ne.com/static-assets/documents/2016/01/20160126_presentation_2016stateofthegrid.pdf
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The peak-to-average demand ratio, which represents the difference between the peak demand and 

the average of the total demand, is growing year over year (Figure 2-7). Although many regional 

electric systems are seeing an increase in peak-to-average demand ratio, no area has increased as 

much as ISO-NE.42 This change can be attributed to many factors including a shift from an industrial-

commercial base to a service-based economy, a reduction in average energy use due to increased 

energy efficiency, and a greater use of climate control technologies like air conditioners that are 

used depending on the weather. 

In ƻǊŘŜǊ ǘƻ ǇǊƻǾƛŘŜ ŜƴƻǳƎƘ ŜƴŜǊƎȅ ŘǳǊƛƴƎ ǇŜŀƪ ǇŜǊƛƻŘǎ ƴŜǿ ƴŀǘǳǊŀƭ Ǝŀǎ άǇŜŀƪŜǊέ Ǉƭŀƴǘǎ ŀǊŜ ōŜƛƴƎ 

built even though they are needed only for a small amount of hours per year. 43  

 

 
Figure 2-7: Peak-to-Average Demand Ratio Illustration and ISO-NE Annual Increase (1993-2012)

44
 

According to the U.S. Energy Information Administration (EIA) peaker plants only operate 2% ς 7% of 
the year (Figure 2-8 ).  

 
Figure 2-8: Average Monthly Capacity Factors

45
 

                                                             
42

 EIA, Peak-to-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 

43
 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).   
44

 EIA, Peak-to-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 gas peaker plants tend to have some challenges: 
 

¶ Relatively low fuel efficiency creating high fuel costs; 

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

¶ High cost to operate when required to start and stop generation. 
 
LƴǎǘŜŀŘ ƻŦ ƎŜƴŜǊŀǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ǿƛǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ άǇŜŀƪŜǊέ Ǉƭŀƴǘǎ ŀǘ ǘƛƳŜǎ ƻŦ ƘƛƎƘ ŜƭŜŎǘǊƛŎ ŀƴŘ ŦǳŜƭ 
ǇǊƛŎŜǎΣ ǎǘƻǊŀƎŜ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ άǇŜŀƪ ǎƘƛŦǘέ ōȅ ǳǎƛƴƎ ƭƻǿŜǊ Ŏƻǎǘ ŜƴŜǊƎȅ ǎǘƻǊŜŘ ŘǳǊƛƴƎ ƻŦŦ-peak periods 
to meet this demand. Storage requires no fuel, has no independent emissions, requires minimal 
maintenance, and it can be dispatched quickly. This reduces the costs associated with peak demand 
and provides significant savings for Massachusetts ratepayers. If peak demand can be shifted 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 storage which is being able to charge during low-cost 
times, most types of storage have other qualities that make it a competitive technology and 
responsive to demand including:  

¶ Start-up is very quick (fast response time)  

¶ Output can be varied rapidly  

¶ Can be operated at part load easily and efficiently 
 

2.2.3 Generation Retirements are Creating a Need for New Resources 

The blue pins in Figure 2-9 below delineate power plant retirements from 2014-2019 resulting in 
4,200 MW of capacity lost to the ISO-NE.46  Recently announced retirements in Massachusetts 
include the 1,535 MW coal and oil-fired Brayton Point Station, and the 680 MW nuclear-fuelled 
Pilgrim Power Station. In addition to these known retirements, other generation is currently at risk 
due to plant age and economics. These facilities, marked by the orange pins in Figure 2-9, total an 
additional 6,000 MW or more of capacity at risk to retirement. These facilities include the 1,100 MW 
Canal Generating Plant, in service since 1968, which utilizes both oil and natural gas.  

                                                                                                                                                                                              
45

 EIA Electric Power Monthly, Table 6.7.A. Capacity Factors for Utility Scale Generators Primarily Using Fossil Fuels, January 
2013-January 2016; https://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_6_07_a; and Table 6.7.B. 
Capacity Factors for Utility Scale Generators Not Primarily Using Fossil Fuels, January 2013-January 2016; 
https://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_6_07_b; Massachusetts Solar PV Capacity 
from Massachusetts DOER, Calculation of Solar PV Capacity Factor; http://www.mass.gov/eea/energy-utilities-clean-
tech/renewable-energy/solar/rps-solar-carve-out/current-status-of-the-rps-solar-carve-out-program.html 

46
 ISO-NE, Status of Non-Price Retirement Request, http://www.iso-ne.com/markets-operations/markets/forward-
capacity-market 

https://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_6_07_b)
http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/solar/rps-solar-carve-out/current-status-of-the-rps-solar-carve-out-program.html
http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/solar/rps-solar-carve-out/current-status-of-the-rps-solar-carve-out-program.html
http://www.iso-ne.com/markets-operations/markets/forward-capacity-market
http://www.iso-ne.com/markets-operations/markets/forward-capacity-market
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Figure 2-9: Generation Retirements, illustrated by ISO-NE in Today's Grid Challenges
47

 

In order to maintain grid reliability, ISO-NE must develop new capacity to replace the above-
mentioned retirements. Currently, the ISO-NE Interconnection Queue is dominated by new 
intermediate and peaker natural gas-fired and duel fuel generation (natural gas and oil), for a total 
of over 8,000 MW of fossil fuel-fired capacity. The remaining capacity is mostly onshore wind 
generation with some solar photovoltaic (PV) generation (See Figure 2-10 ς by Fuel Type). 

 

 

Figure 2-10: All Proposed Generation to ISO Generator Interconnection Queue
48

 

                                                             
47

 ISO-NE, Regional Energy Outlook;  http://www.iso-ne.com/about/regional-electricity-outlook/grid-in-transition-
opportunities-and-challenges/power-plant-retirements  

http://www.iso-ne.com/about/regional-electricity-outlook/grid-in-transition-opportunities-and-challenges/power-plant-retirements
http://www.iso-ne.com/about/regional-electricity-outlook/grid-in-transition-opportunities-and-challenges/power-plant-retirements
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In 2015 alone, ISO-NE added over 2,500 MW49 of natural gas plants targeted for development in 
Massachusetts to the interconnection queue.50 These natural gas and duel fuel facilities are 
considered either intermediate or peaker resources (see Figure 2-10 ς by Supply Type).   

Some areas in New England require more capacity because of high demand from dense population.  
Figure 2-11 ƛƭƭǳǎǘǊŀǘŜǎ bŜǿ 9ƴƎƭŀƴŘΩǎ ŘŜƴǎƛǎǘ ƭƻŀŘΦ  In Massachusetts, the Boston and the 
Southeastern areas are import constrained zones in which the retiring Brayton Point and Pilgrim 
plants are located. Peak demand is generally 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 
Protection Act (MEPA) review at the Executive Office of Energy and Environmental Affairs (EEA).  

The retirement of zero-ŜƳƛǎǎƛƻƴ ƴǳŎƭŜŀǊ ƎŜƴŜǊŀǘƛƻƴ ŎƘŀƭƭŜƴƎŜǎ aŀǎǎŀŎƘǳǎŜǘǘǎΩ Ǝƻŀƭǎ ǘƻ ǊŜŘǳŎŜ 
ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎΦ tƛƭƎǊƛƳΩǎ ŎŀǇŀŎƛǘȅΣ ŀǎ ŀ ƴǳŎƭŜŀǊ ǊŜǎƻǳǊŎŜΣ ƛǎ ŎǳǊǊently emission free but if its 
capacity is replaced by natural gas capacity, emissions for the Commonwealth will increase.  

Energy storage deployment can assist ISO-NE in meeting local sourcing requirements within a 
capacity zone. Utilizing storage systems within areas of high demand can help mitigate peak price 
spikes by discharging stored energy and can help meet local demand without requiring additional 
energy imports. Import constraints contributed to elevated forward reserve pricing in the northeast 
Massachusetts/Boston (NEMA) reserve zone for the summer 2015 period.51  Transmission 
constraints can also contribute to the un-economic operation of generation resources. ISO-NE 
compensates generators that are uneconomically dispatched with payments called Net Commitment 
tŜǊƛƻŘ /ƻƳǇŜƴǎŀǘƛƻƴ όb/t/ύ ƻǊ ΨǳǇƭƛŦǘΩ ǇŀȅƳŜƴǘǎ ǘƘŀǘ ŀǊŜ ŘƛǊŜŎǘƭȅ ŀƭƭƻŎŀǘŜŘ ǘƻ ǊŀǘŜǇŀȅŜǊǎΦ b/t/ 
costs in New England over the 12 months ending December 2015 amounted to more than $118 
million, of which Massachusetts ratepayers paid $54 million.52  This represents the un-economic, or 
άƻǳǘ-of-ƳŜǊƛǘΣέ ƻǇŜǊŀǘƛƻƴ ƻŦ ƎŜƴŜǊŀǘƻǊǎΣ ǿƘƛŎƘ Ŏŀƴ ǎŜǊǾŜ ǘƻ Ƴŀǎƪ ǘƘŜ ǘǊǳŜ Ŏƻǎǘ ƻŦ ŜƴŜǊƎȅ ǘƻ 
ratepayers.  Strategically deployed energy storage can play a valuable role within import constrained 
zones such as NEMA/Boston and SEMA (southeast Massachusetts)/RI as these regions experience 
some of the highest energy costs in the region, resulting ultimately in lowered energy costs to 
ratepayers. 

                                                                                                                                                                                              
48

 Vamsi Chadalavada, NEPOOL Participants Committee Report, March 6, 2016; http://www.iso-ne.com/static-

assets/documents/2016/03/march-2016-coo-report.pdf  
49

 ISO-NE, Interconnection Request Queue 02-01-16, ISO New England; http://iso -ne.com/static-
assets/documents/2014/09/interconnection_request_queue.xls  

50
 Non-price Retirement Requests (NPRs) are one of the mechanisms that Forward Capacity Market (FCM) Participants can 
use to exit the FCM. NPRs are irrevocable requests to retire all or a portion of a resource from the FCM and all other 
markets administered by the ISO. 

51
 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/kW-mo versus $5.83/kW-mo). 

52
 ISO-NE, NEPOOL Participants Committee Report, March 4, 2016March 2016 COO report, slide 78; http://www.iso-
ne.com/static-assets/documents/2016/03/march-2016-coo-report.pdf  

http://www.iso-ne.com/static-assets/documents/2016/03/march-2016-coo-report.pdf
http://www.iso-ne.com/static-assets/documents/2016/03/march-2016-coo-report.pdf
http://iso-ne.com/static-assets/documents/2014/09/interconnection_request_queue.xls
http://iso-ne.com/static-assets/documents/2014/09/interconnection_request_queue.xls
http://www.iso-ne.com/static-assets/documents/2016/03/march-2016-coo-report.pdf
http://www.iso-ne.com/static-assets/documents/2016/03/march-2016-coo-report.pdf
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9ƴŜǊƎȅ {ǘƻǊŀƎŜ Ŏŀƴ ōŜ ŀƴ ŜƳƛǎǎƛƻƴǎ ŦǊŜŜ ǎƻǳǊŎŜ ƻŦ άƭƻŎŀƭέ ǇŜŀƪ ƎŜƴŜǊŀǘƛƻƴ ƛƴ highly populated areas. 
Advanced storage projects typically require a much smaller footprint and shorter construction 
timeline than conventional generation; a grid-scale energy storage project can be constructed within 
months, not years. The modular design of storage resources means that the projects can be sized to 
any level.  Increments of capacity can easily be ŀŘŘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ  ¢ƘŜ άǇƭǳƎ 
ŀƴŘ Ǉƭŀȅέ ŎƻƴŎŜǇǘ ƻŦ ƴŜǿ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƳŀƪŜǎ ǘƘŜƳ Ŝŀǎȅ ǘƻ ƭƻŎŀǘŜ ƴŜŀǊ ŀƴ ŜȄƛǎǘƛƴƎ Ǉƻwer 
plant, a utility substation, or at a consumer site (such as a house, a factory or a shopping center). 

Figure 2-11: Load Distribution within New England - Representative Summer Peak
53

 

There are two versions of storage installations that can be used as a peaker resource:  
1. Bulk/central facilities which are comprised of one large advanced storage plant connected to 

the transmission grid. Bulk energy storage resources that can help with meeting the system 
peaking capacity needs are most likely to involve medium to long duration technologies, 
such as a flow batteries or 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. 
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 Source: ISO-New England 
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Energy Storage to Replace Retiring Generation in California 
In 2013, Los Angeles, California and Orange County lost over 2,200 MW of generation capacity with 
the San Onofre Nuclear Generating Station (SONGS) closure, leaving the resource-constrained area 
in need of additional generation capacity. The California Public Utilities Commission (CPUC) 
authorized Southern California Edison (SCE) and San Diego Gas and Electric (SDG&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 included 261 MW of 
energy storage resources in conjunction with new natural gas generation and new renewable 
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 benefit the system by minimizing the amount of generation that is on-line at minimum 
load when demand is low. Generators are often called to operate at minimum load to be ready and 
capable to ramp up to serve during higher load periods because fossil generation cannot turn on and 
off quickly.  This type of operation increases emissions and costs from these plants.  During periods 
of low demand, there can be excess energy on the grid due to conventional resources being on-line 
and sitting at their minimum load.   Energy storage resources could store this excess energy for times 
when demand increases. Using 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.  

2.3    Renewable Generation Integration 

Energy storage can facilitate and enhance the use of new and existing intermittent renewable 
generation, ǘƻ ǊŜǇƭŀŎŜ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ŀƴŘ bŜǿ 9ƴƎƭŀƴŘΩǎ ǊŜǘƛǊƛƴƎ generation.  

Presently, large utility-scaled 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 scale on-shore wind facilities are capable of 
producing a large quantity of energy but often mostly at night when the wind is strongest. This 
generation supply often does not coincide with the time of greatest energy use, during the day and 
early evening. Solar is generating during the day but not during evening 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 fossil fuel generation or energy storage. Storage technologies can store the energy 
generated at times of low demand and act as the renewable power source during periods of high 
demand, firming the renewable resource. 

 

Figure 2-12: Renewable Generation and Demand 
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Storage can help prevent situations where inflexible wind and solar generation exceed demand and 
create balancing issues. For example, on Sunday afternoons in spring when there is low demand and 
there may be excess solar generation. There also have been instances where wind generation at 
ƴƛƎƘǘ ŀƴŘ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ άƴŜƎŀǘƛǾŜ ǇǊƛŎŜǎέΣ ǿƘŜǊŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ŜȄŎŜŜŘǎ 
demand and the output from the on-line generation cannot be immediately reduced54. This situation 
also creates voltage drops (or voltage instability) along transmission lines, especially longer lines. 
When this occurs, ISO-NE experiences a minimum generation emergency (MGE) and requires 
generators to operate at their emergency minimum dispatch levels which creates uneconomic 
ΨǳǇƭƛŦǘΩ Ŏƻǎǘǎ ǘƻ ǊŀǘŜǇŀȅŜǊǎ.    
 
Storage could help avoid the triggering of an MGE by storing excess generation from renewable 
resources when generation is higher than demand. In some situations, energy storage could even 
receive payment to charge when prices become negative. ISO-b9 Ƙŀǎ ǎƻǳƎƘǘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ άƭƛƎƘǘ 
ƭƻŀŘέ ǇǊƻōƭŜƳ ǘƘǊƻǳƎƘ ŀ ŦŜǿ ƛƴƛǘƛŀǘƛǾŜǎ ƛƴŎƭǳŘƛƴƎ continued efforts to require all generators to be 
dispatchable or flexible. In 2016, ISO-NE will implement rules that will require intermittent wind and 
hydro resources to become, essentially, dispatchable. These efforts should help alleviate some 
problems, but are not expected to fully mitigate the issues. The addition of storage enhancing the 
ability of inflexible resources such as wind and solar become more dispatchable could help 
renewable generators comply with ISO-NE rules. 
  

 

Figure 2-13: Solar generation can have variable output because of cloud 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 demand  For example, renewable resources such as solar 
generation may change output frequently and unpredictably throughout the day due to cloud cover. 

According to the ISO-NE State of the Grid ς 2016 report, fast and flexible resources will be needed to 
ōŀƭŀƴŎŜ ƛƴǘŜǊƳƛǘǘŜƴǘ ǊŜǎƻǳǊŎŜǎΩ ǾŀǊƛŀōƭŜ ƻǳǘǇǳǘ. With storage, new and existing renewable resources 
can manage their inherent intermittence and be more agile resources.  

Another service storage can provide is Frequency Regulation, an ancillary services product that is 
used to reconcile momentary differences caused by fluctuations in generation and loads. The need 
for Frequency Regulation increases with greater renewable penetration due to the associated 

                                                             
54

 Negative energy prices occur with some frequency particularly in northern New England where there are sizable 
amounts of non-dispatchable generation (e.g. wind) that is export constrained. 
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variability caused by ǊŜƴŜǿŀōƭŜǎΩ intermittent output. In order to manage Frequency Regulation, 
ISO-NE requires an available capacity of Frequency Regulation resources. Advanced storage is an 
ideal technology for Frequency Regulation because it can quickly and accurately respond to 
instantaneous load requirements, as compared to a slow ramping generator, as seen in Figure 2-14.  

 

 

 
Figure 2-14: Energy storage can respond quickly to frequency regulation

55;56
 

Storage technologies have been participating in the ISO-NE Frequency Regulation market as a single-
market-dedicated technology. With renewable resources growing in New England, and the 
associated variability caused by their intermittent output increasing, ISO-b9Ωǎ Frequency Regulation 
market has grown by about 15% in the last year, from an average of 60 MW per hour to an average 
of 70 MW per hour. As renewable resources grow the Frequency Regulation market is expected to 
continue to grow. In December 2010, ISO-NE released the final report of its New England Wind 
Integration Study.57 The study assessed a number of growth scenarios for wind in New England up to 
year 2020, and the potential impacts on the ISO-NE power grid. The study identified a need for an 
increase in the Regulation requirement even in the lowest wind penetration scenario (2.5% wind 
energy, ~1,100 MW), and the requirement would have noticeable increases for higher penetration 
levels. For example, this 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% scenario (8,000 ς 10,000 MW) 
(see Figure 2-15).  

                                                             
55

 Left: Brendan Kirby Ancillary Services: Technical and Commercial Insights July 2007, 
http://www.consultkirby.com/files/Ancillary_Services_-_Technical_And_Commercial_Insights_EXT_.pdf  
56

 Right: Beacon Power. 
57

 ISO-b9Σ άCƛƴŀƭ wŜǇƻǊǘΥ bŜǿ 9ƴƎƭŀƴŘ ²ƛƴŘ LƴǘŜƎǊŀǘƛƻƴ {ǘǳŘȅέΣ 5ŜŎ нлмлΦ http://uvig.org/wp-
content/uploads/2013/01/newis_report.pdf 
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http://www.consultkirby.com/files/Ancillary_Services_-_Technical_And_Commercial_Insights_EXT_.pdf
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Figure 2-15: Duration curve of estimated hourly regulation requirements for load and selected wind scenarios

58
 

2.3.1 Capacity Market and Renewable Integration  

Storage can also help intermittent renewable resources reduce their exposure to ISO-b9Ωǎ άPay for 
Performanceέ Capacity program, a program that penalizes capacity resources for being unavailable 
during reliability events.  The market rules take effect as of June 2018.  Under this program, during 
periods when ISO-NE is experiencing reserve shortages (insufficient generation to meet demand plus 
reserve margins), resources with awarded capacity supply obligations through the I{hΩǎ ŦƻǊǿŀǊŘ 
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, a 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 ISO.  
 
Pay-for-Performance penalty provisions increase the cost of non-performance to all generators that 
are participating in ISO-NE's forward capacity market, but present a more pronounced risk to owners 
of intermittent renewable resources. Although significant strides have been made in improving solar 
and wind forecast tools and techniques, without the benefit of energy storage, intermittent resource 
owners will have very limited ability to hedge their exposure to such penalties.59 Adding energy 
storage to a renewable portfolio can contribute to lowering over-all capacity market costs, which 
ultimately trickles down to the ratepayer.  

2.4    Emissions Reductions 

The pairing of ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǿƛǘƘ aŀǎǎŀŎƘǳǎŜǘǘǎΩ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŎŀǇŀŎƛǘȅ ǿƻǳƭŘ ōŜ ōŜƴŜŦƛŎƛŀƭ ǘƻ 
emissions reduction goals while also providing additional energy capacity.  Since energy storage has 

                                                           
58

 ISO-b9Σ άCƛƴŀƭ wŜǇƻǊǘΥ bŜǿ 9ƴƎƭŀƴŘ ²ƛƴŘ LƴǘŜƎǊŀǘƛƻƴ {ǘǳŘȅέΣ 5ŜŎ нлмлΦ http://uvig.org/wp-
content/uploads/2013/01/newis_report.pdf 

59
 ISO-NE does provide a mechanism for resources to trade their performance obligation bilaterally under certain 
conditions, to mitigate the risk of incurring a pay-for-performance penalty. However, it is unlikely that such trades would 
provide much financial protection 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 
ōŜƴŜŦƛǘ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 9t!Ωǎ /ƭŜŀƴ tƻǿŜǊ tƭŀƴ60, this use of energy storage 
can adjust the CO2 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 can also reduce emission by increasing overall generation efficiency of existing fossil 

fuel generators. Fossil fuel generation accounts for approximately 54% of the existing generation in 

ISO-NE. Natural gas is the primary fuel at 48% while oil and coal account for 6% (see Figure 2-16).61  

Storage can help with system operations so that conventional generators operate more efficiently, 

decreasing the fossil fuel burned, and therefore reducing the associated emissions. Storage can also 

reduce the overall energy system emissions by reducing the time oil and coal generators are utilized 

to meet peak demand, particularly in winter.  

 
Figure 2-16: Generation Mix by Fuel Type for ISO-NE, 2015 

 

Additionally, utilizing storage technologies can reduce emissions by avoiding ramping up and down 
natural gas facilities traditionally used to balance load and demand. A study by Carnegie Mellon 
estimated that 20% of the CO2 emission reduction and up to 100% of the NOX emission reduction 
expected from introducing wind and solar power will be lost because of the additional ramping 
requirements these resources impose on traditional generation.62 Storage provides the ramping 
capability to integrate renewables into the electric grid without consuming additional fossil fuels. 

 

                                                           

60
 EPA. Clean Power Plan. https://www.epa.gov/cleanpowerplan  

61
 ISO-NE, Resource Mix; http://www.iso-ne.com/about/key-stats/resource-mix 

62
 Katzenstein, W., and Jay Apt., Air Emissions Due To Wind and Solar Power. Environmental Science & Technology, 2009, 
43, 253-258; (http://pubs.acs.org/doi/pdf/10.1021/es801437t)  

https://www.epa.gov/cleanpowerplan
http://www.iso-ne.com/about/key-stats/resource-mix
http://pubs.acs.org/doi/pdf/10.1021/es801437t
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2.5   Non-Wires Alternative to Transmission Infrastructure Investments  

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 
renewables integrated onto the system and major power plant retirements, combined with severe 
weather conditions, the transmission system is often stressed and requires upgrades.  For example, 
renewable generation projects connected to the grid in more remote locations can often experience 
bottlenecks that prevent delivery of that energy to where it is needed most ς at 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 to curtail 
scheduled generation and make costly upgrades.  
 
Energy storage can be a lower cost alternative to transmission infrastructure investment, often 
ŎŀƭƭŜŘ ŀ άƴƻƴ-wires alternativeΦέ ¢Ƙƛǎ application is especially compelling because the benefits can be 
quite significant. A small amount of storage can: a) delay the need for a significant replacement 
ŀƴŘκƻǊ ŀ άƭǳƳǇέ ŀŘŘƛǘƛƻƴ ƻŦ ¢ǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ 5ƛǎǘǊƛōǳǘƛƻƴ ό¢ϧ5ύ ŎŀǇŀŎƛǘȅΣ ƻǊ ōύ reduce loading on 
ŜȄƛǎǘƛƴƎ ŜǉǳƛǇƳŜƴǘ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ŜǉǳƛǇƳŜƴǘΩǎ ƭƛŦŜ ƛǎ extended.  For example, an upgrade in the 
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 peak load by charging during non-peak hours, and discharging during the peak period.  
 
In Massachusetts, the best example of this non-wire alternative planning is on the geographically 
isolated Nantucket Island. Nantucket is served by two undersea cables, limiting the power supply 
ǘƘŀǘ ǘƘŜ ƛǎƭŀƴŘΩǎ ŎƻƴǎǳƳŜǊǎ Ŏŀƴ ŀŎŎŜǎǎΦ In addition, bŀǘƛƻƴŀƭ DǊƛŘΩǎ ƭƻŀŘ ŦƻǊŜŎŀǎǘ ǇǊŜŘƛŎǘǎ ǘƘŀǘ ǘƘŜ 
island will see a large growth of peak demand in the near future.63 Traditionally a utility would 
consider the construction of an additional, 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 non-wire alternative pilot costing approximately $20.6M, which includes storage and other 
technologies. By addressing ǘƘŜ LǎƭŀƴŘΩǎ two challenges with a cost effective strategy, National Grid 
expects ratepayers will save approximately $23.6 million by deferring the cost of traditional grid 
updates by seven years.64 
 

2.6   Outages and Reliability  

As in the wholesale electric power system, the distribution system must also be managed to balance 
supply and demand.  With a complicated network of distribution lines, utilities must ensure that the 
varying voltage and load requirements are operated reliably.  Energy must be quickly dispatched to 
specific areas in response to small and immediate changes in demand to ensure there are not 
overloads, reverse power flow, ground faulting (if a wire touches the ground or other grounded 
object like a tree branch), or a voltage drop or surge. 

The electric utilities are required by the DPU and North American Electric Reliability Corporation 
(NERC) to maintain specific reliability standards. The DPU oversees the activities and performance of 

                                                           
63

 Massachusetts Electric Company and Nantucket Electric Company, each d/b/a National Grid, D.P.U. 16-06 ς Petition of 
Massachusetts Electric Company and Nantucket Electric Company d/b/a National Grid for Approval of Non-Wires 
Alternative Pilot, and of Non-Wires Alternative Provision; Initial Filing, pg. 2 (January 11, 2016). 

64
 Ibid. Pending approval at DPU. 
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the Investor-Owned Utilities (IOU), i.e. National Grid, Eversource, and Unitil. The DPU responsibilities 
include ensuring reliable service and the lowest possible cost, protecting public safety, and 
protecting rate-payer rights. 65 Regulators commonly use metrics to measure and quantify customer 
reliability for each utility to ensure that service ǉǳŀƭƛǘȅ όά{vέύ ƎǳƛŘŜƭƛƴŜǎ ŀǊŜ ƳŜǘΦ Lƴ нлмпΣ 5t¦ 
shifted its SQ goals from preventing degradation of service to a goal of improving service based on 
historic performance metrics.66  DPU has cited the increased access to cost effective modern 
technology as a reason they expect metrics to show an improvement in service quality.67 The two 
most common metrics are SAIDI (System Average Interruption Duration Index), which measures the 
average outage duration, and SAIFI (System Average Interruption Frequency Index), which measures 
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, there has been a significant improvement, especially in 
SAIDI.68 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 shown in Figure 2-17 
below). Utilities may face penalty payments if service quality standards are not met. Penalty 
ǇŀȅƳŜƴǘǎ ŀǊŜ ōŀǎŜŘ ƻƴ ƳǳƭǘƛǇƭŜ ƳŜǘǊƛŎǎ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǳǘƛƭƛǘƛŜǎΩ {!L5Lκ{!LCL ǇŜǊŦƻǊƳŀƴŎŜ ŀǎ ŎƻƳǇŀǊed 
to a state-wide average of aggregated historical data from 1996-2012.69;70  

 

                                                           
65 In order to fulfil their responsibility to ensure reliable distribution service, the DPU requires the IOUs to submit an 

Annual Reliability Report (ARR) (D.T.E. 98- 84/EFSB 98-5 (2003); 
http://web1.env.state.ma.us/DPU/FileRoomAPI/api/Attachments/Get/?path=98-84%2f88order.pdf). These reliability 
ǊŜǇƻǊǘǎ Ƴǳǎǘ ƛƴŎƭǳŘŜ ǇŜŀƪ ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘǎ ŦƻǊ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻƳǇŀƴƛŜǎΩ ǎŜǊǾƛŎŜ ŀǊŜŀΣ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ 
planning process, power flows and voltages under normal and emergency conditions, a list of critical loads, and any 
planned significant reliability and infrastructure improvement projects. Reliability projects can include tree and 
vegetation management plans, infrastructure repair and replacements, and load management technologies. 

66
D.P.U. 12-мнлŎΣ άhǊŘŜǊ !ŘƻǇǘƛƴƎ wŜǾƛǎŜŘ {ŜǊǾƛŎŜ vǳŀƭƛǘȅ DǳƛŘŜƭƛƴŜǎΣέ 5ŜŎŜƳōŜǊ ннΣ нлмпΣ ǇƎΦ мпΤ 
http://www.mass.gov/eea/docs/dpu/12-120c-order.pdf 

67
 Ibid. Page 15. 

68
 D.P.U. 12-120-/Σ άhǊŘŜǊ !ŘƻǇǘƛƴƎ wŜǾƛǎŜŘ {ŜǊǾƛŎŜ vǳŀƭƛǘȅ DǳƛŘŜƭƛƴŜǎΣέ 5ŜŎŜƳōŜǊ ннΣ нлмпΣ ǇƎΦ мпΤ 
http://www.mass.gov/eea/docs/dpu/12-120c-order.pdf 

69
 The ŦƻǊƳǳƭŀ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ŀ ǇŜƴŀƭǘȅ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ {v ƎǳƛŘŜƭƛƴŜǎ ǿƘŜǊŜ ǘƘŜ ƳŀȄƛƳǳƳ ǇŜƴŀƭǘȅ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άнΦр 
ǇŜǊŎŜƴǘ ƻŦ !ƴƴǳŀƭ ¢ǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ 5ƛǎǘǊƛōǳǘƛƻƴ wŜǾŜƴǳŜǎ ƻŦ ŀ /ƻƳǇŀƴȅ ŀƭƭƻŎŀǘŜŘ ǘƻ ǘƘŜ ƳŜǘǊƛŎΦέD.P.U. 12-120-C Order, 
pg. 44 

70
 D.P.U. 12-120-/Σ ά!ǘǘŀŎƘƳŜƴǘ !Υ {ŜǊǾƛŎŜ vǳŀƭƛǘȅ DǳƛŘŜƭƛƴŜǎΣέ 5ŜŎŜƳōŜǊ ннΣ нлмпΣ ǇƎΦ мтΤ  
http://www.mass.gov/eea/docs/dpu/12-120c-orderata.pdf 

http://web1.env.state.ma.us/DPU/FileRoomAPI/api/Attachments/Get/?path=98-84%2f88order.pdf
http://www.mass.gov/eea/docs/dpu/12-120c-order.pdf
http://www.mass.gov/eea/docs/dpu/12-120c-order.pdf
http://www.mass.gov/eea/docs/dpu/12-120c-orderata.pdf
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Figure 2-17: Reliability Metrics (SAIDI/SAIFI) for Massachusetts Utilities (2010-2015)
71

 

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 this reliability and power quality requires utilities to uphold constant voltage within 
proper limits by utilizing reactive power, measured in volt-ampere reactive or VAR. Traditionally, 
utilities regulate voltage and reactive power (volt-VAR) 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 
system may be causing unacceptable voltage excursions, i.e. power quality issues for neighbouring 
customers.  

Energy storage can provide voltage support as an alternative or in conjunction with Volt Var 

Optimization (VVO).  VVO are new data communication devices 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 damped with minimal draw of real power from an energy storage system and such 

services can be offered by installed storage systems. The concept is illustrated below in Figure 2-18. 
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 Investigation by the Department of PubliŎ ¦ǘƛƭƛǘƛŜǎ ƛƴǘƻ ŜŀŎƘ 9ƭŜŎǘǊƛŎ /ƻƳǇŀƴȅΩǎ нлмр {ŜǊǾƛŎŜ vǳŀƭƛǘȅ wŜǇƻǊǘ ŦƛƭŜŘ 
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. 04-116-C (2007).  (D.P.U. 16-SQ-10; D.P.U. 16-SQ-11; D.P.U. 16-SQ-12; D.P.U. 16-SQ-13; 
D.P.U. 16-SQ-14) 
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Figure 2-18: Illustration of voltage support for improving power quality
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Major storm events often create a large number of concentrated power 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 to occur 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 (WMECo) failed 
in their public safety obligation in their responses to Tropical Storm Irene and the October 2011 
snowstorm.73 The utilities were fined $18.725 million, $4.075 million, and $2 million, respectively, 
based on poor response and coordination with municipal officials 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.74 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 bear the burden of these costs. 

Resiliency is an evolving need for the electric grid that was catalysed by the occurrence of 
Superstorm Sandy, a watershed industry event in regards to system planning. The Edison Electric 
Institute, a representative body of all the investor-owned 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 increasing.75 For 
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 August 28, and ǘƘŜ нлмм IŀƭƭƻǿŜŜƴ bƻǊΩŜŀǎǘŜǊ ŘŜǎǇƛǘŜ 
having only 52 days with weather events, as shown in Figure 2-19.76  
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 Source: DOE/EPRI/NRECA 2013 Electricity Storage Handbook, July 2013; 
http://www.sandia.gov/ess/publications/SAND2013-5131.pdf  

73
 /ƻƳƳƻƴǿŜŀƭǘƘ ƻŦ aŀǎǎŀŎƘǳǎŜǘǘǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎΣ άtǊŜǎǎ wŜƭŜŀǎŜΥ 5ŜǇŀǊǘƳŜƴǘ ƻŦ Public Utilities Imposes 
$24.8 mƛƭƭƛƻƴ ƛƴ tŜƴŀƭǘƛŜǎ ŦƻǊ ¦ǘƛƭƛǘƛŜǎΩ нлмм {ǘƻǊƳ wŜǎǇƻƴǎŜǎΣέ 5ŜŎŜƳōŜǊ ммΣ нлмнΤ 
http://www.mass.gov/eea/docs/dpu/news/pr-dpu-storm-decisions-12-11-2012.pdf. 

74
 9ǊƴŜǎǘ hǊƭŀƴŘƻ [ŀǿǊŜƴŎŜ .ŜǊƪŜƭŜȅ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ /ƻǎǘ ƻŦ tƻǿŜǊ LƴǘŜǊǊǳǇǘƛƻƴǎ ǘƻ ¦Φ{Φ 
Electricity CoƴǎǳƳŜǊǎΣέ {ŜǇǘŜƳōŜǊ нллпΤ όhttps://emp.lbl.gov/sites/all/files/REPORT%20lbnl%20-%2055718.pdf)  

75
  Out of Sight, Out of Mind 2012: An Updated Study on the Undergrounding of Overhead Power Lines, January 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 

76
 National Ocean and Atmospheric Administration Storm Events Database, (http://www.ncdc.noaa.gov/stormevents/)  

http://www.sandia.gov/ess/publications/SAND2013-5131.pdf
http://www.mass.gov/eea/docs/dpu/news/pr-dpu-storm-decisions-12-11-2012.pdf
https://emp.lbl.gov/sites/all/files/REPORT%20lbnl%20-%2055718.pdf
http://www.eei.org/issuesandpolicy/electricreliability/undergrounding/documents/undergroundreport.pdf
http://www.ncdc.noaa.gov/stormevents/
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2/8/2013 February Nor'easter ("Nemo") 

10/29/2012 Hurricane Sandy 

10/29/2011 2011 Halloween Nor'easter 

8/28/2011 Hurricane Irene 

1/12/2011 January 2011 Blizzard 

12/26/2010 December 2010 Blizzard 

12/11/2008 2008 December Ice Storm 

4/15/2007 April 15 Rain Storm 

6/30/2001 June 30 Wind Storm 

9/16/1999 Hurricane Floyd 

 
Figure 2-19: Major Outages and Major Storm Events in Massachusetts (1997-2013)
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{ǘƻǊŀƎŜ ŘƛǎǘǊƛōǳǘŜŘ ŀŎǊƻǎǎ ǘƘŜ aŀǎǎŀŎƘǳǎŜǘǘǎ ǳǘƛƭƛǘȅ ǎȅǎǘŜƳ Ŏŀƴ ƎǊŜŀǘƭȅ ƛƴŎǊŜŀǎŜ ǘƘŜ ŜƭŜŎǘǊƛŎ ƎǊƛŘΩǎ 

resiliency in storm events.  Resiliency initiatives such as the Community Clean Energy Resiliency 

Initiative by the Massachusetts DOER will also further drive market growth of energy storage for 

resiliency.   
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 Massachusetts Department of Energy Resources and Department of Public Utilities, Emergency Response Plans, Dockets 
14-ERP-08 through 14-ERP-11 
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This Ϸпл Ƴƛƭƭƛƻƴ ƛƴƛǘƛŀǘƛǾŜ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ /ƻƳƳƻƴǿŜŀƭǘƘΩǎ ōǊƻŀŘŜǊ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ 
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 projects that received funding were analyzed and 
an estimate was made of the likely energy storage deployment from 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 blackout due 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 non-critical events, the storage system could be utilized for peak 
load reduction and other grid services. 

Storage technologies can also replace fossil fuel burning back-up power generators, reducing fuel 
costs while also reducing greenhouse gas emissions. According to ISO-NE and the EPA, there are 
~421 Real-Time Emergency Generation (RTEG) units registered in Massachusetts, which add up to 
404 MW of emergency generating capacity.78 The stationary generator market is set to grow by a 
compound annual growth rate (CAGR) of 5-7% from 2015 to 2019.79 Assuming that battery cost 
projections are met, energy storage will be a cost-competitive, emissions-free alternative.  

Microgrids can also address the need to protect communities and commercial and industrial facilities 
from interruptions in energy services due to severe climate and other grid events.  A microgrid is any 
electric system that is capable of operating independently (or islanded) from the grid. More and 
more microgrids are being developed throughout the country, and especially in the northeast. The 
U.S. accounts for 1,282 MW of installed microgrid capability80 and 80% of the market is driven by 7 
states including Massachusetts.  

Microgrids and islanded electrical systems involve either: a) remote/isolated power systems or b) a 
portion of a utilƛǘȅΩǎ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳΦ Lƴ ŜƛǘƘŜǊ ŎŀǎŜΣ ǘƘŜȅ Ƴǳǎǘ ōŜ ŀōƭŜ ǘƻ ƻǇŜǊŀǘŜ ŀǳǘƻƴƻƳƻǳǎƭȅΦ 
Microgrids use of a variety of resources that can be co-optimized and shared within a network of 
loads ranging from residences to high-use buildings, such as hospitals, offices, industrial complexes 
and data centersΦ [ƻŀŘǎ ǿƛǘƘƛƴ ŀ ƳƛŎǊƻƎǊƛŘ ǊŜƳŀƛƴ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǳǘƛƭƛǘȅ άƳŀŎǊƻέ ƎǊƛŘ ǿƘŜƴ 
practical. However, generation and storage located within the microgrid can: a) generate power to 
serve loads locally which reduces reliance on the macro grid, b) provide power to the macro grid or 
c) allow for continuous operation within the microgrid during macro grid outages. 

2.7   Grid Modernization and Integrating Distributed Renewables  

The DPU began a Grid Modernization investigation in 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 costs.81 The expansive Grid Modernization effort currently underway will enable the electric 
power system to incorporate larger amounts of distributed, clean energy resources. The Department 
of Public Utilities has required each utility to develop and implement a 10-year grid modernization 
plan. 
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 Overview of Emergency Generation in ISO-NE Administered Markets, EPA and New England State Environmental 
Regulators, March 2013  

79
 Global Residential Stationary Generator Market 2015-2019, Technavio, 11 November, 2015 

80
 GTM Microgrid Research, 2014 

81
 D.P.U 12-76-B, Investigation by the Department of Public Utilities on its own Motion into Modernization of the Electric 
Grid, June 12, 2014; http://www.mass.gov/eea/docs/dpu/orders/dpu-12-76-b-order-6-12-2014.pdf. 

http://www.mass.gov/eea/docs/dpu/orders/dpu-12-76-b-order-6-12-2014.pdf
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In their Grid Modernization Plans (GMPs), the utilities cite storage as a key strategic asset for the 
future of grid modernization enabling: 

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

¶ customer optimization of time varying rates (TVR) 

¶ distribution system planning and operational improvement, and  

¶ vehicle-to-grid (V2G) demonstrations.  

Integrating storage into the distribution network could help increase DER growth while reducing 
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, ranking 4th in the nation in 2014. Last year was no exception in growth, as 
the Commonwealth saw more than 15,000 projects completed in 2015 with approximately 45,000 
projects overall and approximately 1,100 MW direct current of cumulative capacity. This accounts 
for a rate of approximately 400 projects per week. Figure 2-20 shows the annual and cumulative 
solar installations in Massachusetts since 2008.  

 

Figure 2-20: Massachusetts Installed Solar Capacity 2008-2016
82

 

As solar has grown, utilities have cited an increase in feeder lines that have reached capacity due to 
a risk of reverse power flow. Historically the power flow has moved in a single direction: from the 
large power plants to the customer. With new distributed generation, power may now flow in the 
opposite direction than planned. When the number of distributed generation systems, such as solar 
t±Σ ƻƴ ƻƴŜ ŦŜŜŘŜǊ ƎŜƴŜǊŀǘŜǎ ƳƻǊŜ ŜƴŜǊƎȅ ǘƘŀƴ ǘƘŜ ŦŜŜŘŜǊΩǎ ŎǳǎǘƻƳŜǊǎΩ demand, there is a risk that 
ǘƘŜ ƎŜƴŜǊŀǘŜŘ ǇƻǿŜǊ Ƙŀǎ ǘƻ Ŧƭƻǿ ƻƴ ǘƘŜ ŦŜŜŘŜǊ ōŀŎƪ ǘƻ ǘƘŜ ǎǳōǎǘŀǘƛƻƴ ƻǊ άōŀŎƪ ŦŜŜŘέΣ ŀǎ ǎƘƻǿƴ ƛƴ 
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 aŀǎǎŀŎƘǳǎŜǘǘǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ wŜǎƻǳǊŎŜǎΣ άaŀǎǎŀŎƘǳǎŜǘǘǎ 9ƴŜǊƎȅ 5ŀǎƘōƻŀǊŘΤέ 
http://www.mass.gov/eea/energy-utilities-clean-tech/energy-dashboard/ 
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Figure 2-21. Due to the single direction transformers installed at these substations, reverse power 
flow can create serious reliability issues for the utilities. 

 
Figure 2-21: Integrating Distributed Renewables:  A schematic of electrical transmission to distribution. 

83
 

Therefore, before a solar PV project can interconnect to the grid, the utilities evaluate whether the 
added solar PV system wilƭ ŜȄŎŜŜŘ ǘƘŜ ŦŜŜŘŜǊΩǎ capacity. If there will be too much generation at any 
time, the utilities will not allow the interconnection until the customer pays for the cost of a new 
ǘǊŀƴǎŦƻǊƳŜǊ ŀǘ ǘƘŜ ŦŜŜŘŜǊΩǎ ǎǳōǎǘŀǘƛƻƴΦ ¢ƘŜǎŜ ƴŜǿ transformers can cost up to $4 million, as shown 
in 
Figure 2-22 below. 

 

Figure 2-22: Typical Costs and Schedules for Distribution Upgrades
84

 

Storage can be used to avoid these costs by preventing the risk of reverse power flow and avoiding 
the cost of the transformer upgrade. Excess generation is either stored at the customer site instead 
of flowing to the substation or 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 can also ensure reliability and DER integration by addressing voltage dips or spikes 
caused by renewable power production or reduce the magnitude of power swings due to cloud 
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 Graphic Source: US Energy Information Administration  
84

 2016 DG Interconnection Workshop (National Grid); https://www9.nationalgridus.com/non_html/MA_DG_Seminar.pdf 

Distribution Feeder 

¶ Regulator $60-200K 2-6 mos. 

¶ Cap move $3-10K 1-3 mos. 

¶ New Capacitor $17-25K 1-6 mos. 

¶ Re-conductor $200-400k/mi 6-12 mos. 

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

Transformer 

¶ Line Xfrmr $2-25K 1-3 mos. 

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

https://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 would otherwise be impacted by a PV installation.  

Each of the three IOUs in Massachusetts considered energy storage in their GMPs submitted in 
2015.85 National DǊƛŘΩǎ DǊƛŘ aƻŘŜǊƴƛȊŀǘƛƻƴ tƭŀƴ ƛƴŎƭǳŘŜǎ ŀ wŜǎŜŀǊŎƘ ϧ 5ŜǾŜƭƻǇƳŜƴǘ ǇǊƻǇƻǎŀƭ ǘƻ 
address the complexities of 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 customers and the distribution 
system going forward. Examples include: large energy consumer benefits through demand charge 
management and grid benefits by supporting grid stability. The Distributed Energy Storage proposal 
would analyze utility-sized battery storage used to complement renewable generation and improve 
power quality. Eversource has proposed a distribution-level Solar Plus Storage project to address the 
integration of 20 to 45 MW solar PV capacity in New Bedford. This substation project with 15-30 
minute duration would integrate the solar PV variable generation into the urban area, providing 
reliability and increasing the possible solar PV capacity.86 Unitil proposed an Energy Storage Pilot 
Program in the R&D section of 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 integration.87 

The DPU has recentlȅ ŀǇǇǊƻǾŜŘ bŀǘƛƻƴŀƭ DǊƛŘΩǎ plan to include advanced inverters and battery 
storage to more efficiently integrate solar resources as part of their Phase II solar procurement as 
allowed by the Green Communities Act of 2008.88;89 National Grid plans to install between five and 
ǘǿŜƴǘȅ млл ƪ² ¢Ŝǎƭŀ άDŜƴ LLέ ǎǘƻǊŀƎŜ ǳƴƛǘǎ ό[ƛ-ion) adjacent to an existing 1.02 MW ground based 
solar array in Shirley, MA, as part of its Solar Phase II program.  National Grid will leverage the 
storage to provide ramping services, VAR support, 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 2016, the United States Department of Energy (U.S. DOE) announced a SHINES award to 
fund an energy storage project in the National Grid service territory.90 National Grid is a partner with 
Fraunhofer USA Center for Sustainable Energy Systems and EnerNOC. The partner team proposed a 
one year demonstration of a highly scalable integrated PV, storage, and facility load-management 
solution for larger-scale (~1 MW) PV systems on utility feeders in select towns (location to be 
determined), with a goal to engage in dispatch, participate in multiple energy markets, meet 
efficiency and cost reductions, and integrate solar. 

2.7.1  Aggregating Demand Response 

Distributed storage system can be aggregated operationally and utilized as a larger storage 
installation. Megawatt-scale distributed demand response and energy storage is currently being 
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 D.P.U. 15-120, D.P.U. 15-121, D.P.U. 15-122, D.P.U. 15-123. 
86

 DPU 15-122, Eversource Grid Modernization Plan, August 19, 2015; pg. 56. 
87

 DPU 15-121, Fitchburg Gas and Electric Light Company (d/b/a/Unitil) Grid Modernization Plan, August 19, 2015; pg. 84. 
88

 DPU 12-134, ORDER. By Chairman O'Connor, Commissioners Westbrook and Hayden, May 2, 2016; pg 4 
89

 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 to construct, 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 June 30, 2016. 

90
 USDOE, Energy Department Announces $18 million to Develop Solar Energy Storage Solutions, Boost Grid Resiliency, 
January 19, 2016; http://energy.gov/articles/energy-department-announces-18-million-develop-solar-energy-storage-
solutions-boost-grid-0 

http://energy.gov/articles/energy-department-announces-18-million-develop-solar-energy-storage-solutions-boost-grid-0
http://energy.gov/articles/energy-department-announces-18-million-develop-solar-energy-storage-solutions-boost-grid-0
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tested in several states including California. The Demand Response Auction Mechanism, introduced 
by the California Public Utilities Commission, offers resources for an opportunity to bid as 
aggregated units of at least 100 kilowatts in size. 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 thermostats and EV chargers to 
behind-the-meter batteries and commercial-industrial load control.  

2.7.2  Community Energy Storage 

Community Energy Storage (CES) is a concept that was developed by American Electric Power 
Corporation ς a large U.S. electric utility ς 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 includes state-of-the-art communications and 
controls. CES provides several benefits, especially for electric supply (energy and capacity), T&D 
deferral, and increased reliability and distributed renewable energy generation integration.  
 

 

Figure 2-23: Community energy storage as utility infrastructure
91

 

National Grid has proposed a Community Energy Storage project as part of its Grid Modernization 
Plan. The High Density Community Energy Storage proposal would analyze the technical and 
operational aspects of installation 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 algorithms/strategies that 
could be used for capacity relief, improvement of asset utilization, participation in the ancillary 
ǎŜǊǾƛŎŜǎ ƳŀǊƪŜǘ όŀǎ ŀ ōƭƻŎƪύΣ ǊŜŘǳŎǘƛƻƴ ƻŦ ǊŜƴŜǿŀōƭŜǎΩ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ Ŏƻǎǘǎ ŀƴŘ ƛƳǇǊƻǾŜŘ ǎȅǎǘŜƳ 
operations. 

2.8   Customer-Level Energy Storage in Massachusetts 

Massachusetts has the 6th most expensive electricity rates in the U.S. which is 44.3% higher than the 
average U.S. electricity rates.92 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 has significant 
benefits to individual customers when deployed at the customer-level. Deploying customer-sited 
renewable energy with energy storage has the potential to increase the available options for electric 
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 Source: American Electric Power 
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 US Energy Information Administration, Oct 2015; https://www.eia.gov/state/rankings  
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power customers and third party providers to manage energy 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 resiliency ς and each value can be site-
specific. 

2.8.1 Reducing Customer Demand Charges 

Energy storage technologies provide an opportunity for potentially significant savings by helping a 
customer to manage their peak demand. Serving the load during a peak period is more costly than 
during off peak periods. Utilities, therefore assign a demand charge to customers based on how 
much peak electricity a customer uses to reflect this premium.  wŜŘǳŎƛƴƎ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ƭƻŀŘ ŦŀŎǘƻǊ 
can aid in decreasing this demand charge. The load factor is ŀ Ǌŀǘƛƻ ƻŦ ŀ ŎǳǎǘƻƳŜǊΩǎ ŀŎǘǳŀƭ ǳǎŀƎŜ in a 
defined period relative to their peak demand over that same period, and it provides an indication of 
ǿƘŜǘƘŜǊ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǳǎŀƎŜ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƭŜǾŜƭ όƘƛƎƘ ƭƻŀŘ ŦŀŎǘƻǊύ ƻǊ ǇŜŀƪȅ όƭƻǿ ƭƻŀŘ ŦŀŎǘƻǊύΦ  ¢ȅǇƛŎŀƭ 
load factors for commercial consumers range from 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 charges.93   

Storage technologies can facilitate load factor improvement by 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 consumption. Figure 2-24 
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 the ISO-NE peak. This 
customer could utilize storage to charge at night and dispatch that energy during the peak to reduce 
their demand charges. The effect will be an overall leveling of the load across the billing period, a 
load factor improvement.   
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 Demand Charges generally constitute about 40% of a C&I customers electricity bill. 
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Figure 2-24: Example Customer Load Profile 

Peak demand management is generally available only to non-residential customer classes as these 
classes routinely have a demand component in their tariff rate structures. Demand charges for 
uǘƛƭƛǘƛŜǎ ƛƴ aŀǎǎŀŎƘǳǎŜǘǘǎ όǘŀƪŜƴ ŦǊƻƳ ŜŀŎƘ ǳǘƛƭƛǘȅΩǎ ǊŜǎǇŜŎǘƛǾŜ ǘŀǊƛŦŦ ŀǎ ƻŦ bƻǾŜƳōŜǊ нлмрύ ŀǊŜ ƭƛǎǘŜŘ 
in the table below: 

 

Utility / Demand $/KW 
Commercial 

(non-summer / summer) 
Industrial 

(non-summer / summer) 

National Grid $6.00 $3.92 

Eversource NStar $17.37 / $41.25 $19.15 / $25.12 

Eversource WMECO $13.36 $10.74 

Unitil $9.58 $7.88 

Table 2-1: Demand charges by utilities in Massachusetts as of July 2016
94

 

 
In the example illustrated in Figure 2-25 and Figure 2-26 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 on the G-3 
rate plan95 by National Grid.  
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 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 kWh charges in their rate structure for transmission service cost recovery 
while the Eversource companies recover transmission costs through an additional demand-based charge 

95
 Source Load Data: California Commercial End Use Survey Reports; 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.  

  Source Billing Rates:  https://www9.nationalgridus.com/masselectric/business/rates/4_tou.asp  
 

http://en.openei.org/doe-opendata/dataset/commercial-and-residential-hourly-load-profiles-for-all-tmy3-locations-in-the-united-states/resource/b341f6c6-ab5a-4976-bd07-adc68a2239c4
https://www.eversource.com/Content/docs/default-source/rates-tariffs/190.pdf?sfvrsn=14
https://www9.nationalgridus.com/masselectric/business/rates/4_tou.asp
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Figure 2-25: Illustrative Example of Potential of Storage for Peak Demand Reduction 

 
Figure 2-26: Illustrative Energy Bill Savings 

As shown in Figure 2-26, the energy storage system enabled a 30kW peak demand reduction and 
thus could provide a savings of $4,085 per year by reducing peak demand charges. 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.  
 

2.8.2 Assisting Combined Heat and Power Systems to Meet Objectives 

Storage can also be used to increase the efficiently 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 electricity. Similar to other fossil fuel electricity generators, CHP systems must 
vary their energy output to match the real time changes in the energy demand. The addition of 
energy storage could level demand, allowing the CHP system to operate at their optimal, and most 
efficient, output. 

 
Storage therefore helps CHP meet its projected economic and environmental performance. A CHP 
system with storage can be sized to match average demand, instead of installing an oversized 
system to meet peak. Smaller CHP systems are also more able to meet air permit emission limits.  Air 
pollution control systems are designed to operate within specific ranges. For larger systems, the 
emissions will increase as efficiency decreased, until they reach a point at which the CHP system has 
to be shut down in order to remain in compliance with the air permit. Energy storage allows the CHP 
system to be operated within air emission standards for more hours.  
 
With storage, CHP systems can more effectively meet resiliency objectives. Natural gas fueled CHP 
systems can operate during electricity grid outages as long as there are no natural gas distribution 
outages. However, some CHP system resiliency can be diminished if the system cannot respond 
quickly enough to changes in the facility demand during an outage. If they are unable to maintain 
output within prescribed parameters, such as over- or under- voltage, frequency or phase, the 
system may have to enter a safety shutdown. Energy storage systems will eliminate or greatly 
minimize this problem while the system is ƻǇŜǊŀǘƛƴƎ ƛƴ ǘƘŜ άƛǎƭŀƴŘƛƴƎέ ǊŜǎƛƭƛŜƴǘ ƳƻŘŜ ŀƴŘ ǘƘŜǊŜōȅ 
substantially increase the energy resiliency of the supported facility.  

2.8.3 Net-Metering: Solar Plus Storage 

Behind-the-meter storage systems can preserve the full value of all the solar generation regardless 
of net-metering policies. With net-metering, solar PV customers use the grid as a pseudo-storage 
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 boomed, many 
states are reviewing their retail-rate net metering policies. Instead of allowing solar facilities to sell 
excess solar generation back to the utilities at the full retail rate, many states, including Nevada, 
Maine, and California, are investigating alternative incentive structures that reduce the value of the 
net-metering credit.  Hawaii, the state with the greatest percent of solar capacity per capita,96 
ceased retail-rate net metering and now offers two new tariffs: (1) a grid supply rate which is 
approximately half the former retail rate and (2) a self-supply rate which credits a solar customer the 
retail rate only when their solar system is generating.97 On April 11th, 2016 Governor Charlie Baker 
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 9ƴǾƛǊƻƴƳŜƴǘ !ƳŜǊƛŎŀΣ [ƛƎƘǘƛƴƎ ǘƘŜ ²ŀȅΥ ¢ƘŜ ¢ƻǇ {ǘŀǘŜǎ ǘƘŀǘ IŜƭǇŜŘ 5ǊƛǾŜ !ƳŜǊƛŎŀΩǎ {ƻƭŀǊ 9ƴŜǊƎȅ .ƻƻƳ ƛƴ нлмпΤ 
http://www.environmentamerica.org/reports/ame/lighting-way-0 

97
 Herman K. Trabish, The day after: How solar can thrive in the post-net metering era. UtilityDive, November 3, 2015. 
http://www.utilitydive.com/news/the-day-after-how-solar-can-thrive-in-the-post-net-metering-era/408357/ 

http://www.environmentamerica.org/reports/ame/lighting-way-0
http://www.utilitydive.com/news/the-day-after-how-solar-can-thrive-in-the-post-net-metering-era/408357/
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signed legislation that expanded net-metering caps but lowered the net-metering credit rate for 
private net-metering facilities in Massachusetts to approximately 60% of the retail rate. 

Under both of these new tariff structures, behind-the-meter solar becomes less valuable to the 
customer. With the addition of a paired behind-the-meter storage system, a customer can preserve 
ǘƘŜƛǊ ǎȅǎǘŜƳΩǎ ŦƛƴŀƴŎƛŀƭ ōŜƴŜŦƛǘΦ ! ƘƻƳŜ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳ ǿƛƭƭ ǎǘƻǊŜ ŜȄŎŜǎǎ ƎŜƴŜǊŀǘƛƻƴ ƻƴ ǎƛǘŜ ŀƴŘ 
allow the customer to avoid retail-rate electricity purchases later when their PV system is not 
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 what net-metering policy is in place, the PV 
customer gets the full value of their system.   

2.9  Conclusion 

Energy storage is a unique technology with far reaching applications at the 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 the system as a whole and to specific parties participating in the energy 
markets.  
 
In subsequent chapters, we will evaluate whether energy storage is a viable and cost-effective 
resource to help meet the challenges identified in this chapter. The following work will focus on 
different types of storage applications and how their value can be realized. We 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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3 Energy Storage Stakeholder Perspectives 

3.1  Introduction  

The development of effective public policy requires active and meaningful contributions from the 
affected ǎǘŀƪŜƘƻƭŘŜǊǎΦ ¢ƻ ƘŜƭǇ ƛƴŦƻǊƳ ǘƘŜ aŀǎǎŀŎƘǳǎŜǘǘǎΩ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ LƴƛǘƛŀǘƛǾŜΣ ǘƘŜ Study Team 
actively solicited stakeholder opinions and suggestions over the course of the investigation. The 
diversity of stakeholders resulting in different perspectives, expectations and suggested actions. This 
chapter presents the perspective of each stakeholder segment.  

Workshops, surveys and 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 that input, identify consensus and non-
consensus perspectives, identify issues and barriers (particularly those amenable to policymaker 
influence) and highlight unresolved issues and barriers that hinder energy storage adoption in 
Massachusetts. 

3.1.1 Overview of Key Stakeholders and Input Process 

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 and operating projects. Stakeholder 
groups engaged in this input process encompassed the full spectrum of the electricity value chain, 
including: ISO-NE; IOUs and Municipal Light Plant utilities (MLPs) concerned with the distribution 
grid and its operation; independent 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 storage technology 
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, a concerted effort was made to inform energy storage stakeholders 
across the country and in the ISO-NE region of the study, and to solicit their active participation in an 
initial stakeholder workshop that was held on October 30th, 2015 in Boston. More than 300 
organizations were contacted (~400 individuals), and over 150 people attended the full-day 
workshop.  

The October 30th workshop was structured into stakeholder breakout sessions focused on identifying 
high level needs and challenges for energy storage deployment in Massachusetts, as well as 
suggested solutions. The breakout sessions addressed sub-markets in the electrical grid likely to be 
served by energy storage applications: 1) Wholesale Markets/Transmission; 2) Utility Applications ς 
Distribution; and 3) Behind-the-Meter/Distributed Energy Resources (DER).  A fourth breakout 
session was dedicated to Energy Storage Technology Developers, with the understanding that 
members of this group (including university researchers) may have technologies that may be too 
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 breakout sessions were posted publicly,98 
with a request for feedback and further stakeholder input.  Subsequently, the Study Team 
conducted more detailed follow-up with certain organizations and individuals via surveys (40 
responses), small group webinar sessions and one-on-one interviews (36 interviews).  In addition, 
the team held an Energy Stakeholder Update Webinar on December 15th to present progress to 
date, and to solicit further feedback (140 registrants, ~100 attendees).99 On March 1, 2016 a final 
survey was distributed 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.   

3.1.2 High Level Findings (Barriers and Solutions) 

An overwhelming proportion of stakeholders are optimistic about the future of grid-connected 
energy storage in Massachusetts. Utilities and Distributed Energy Resource developers cite 
renewables growth, technology advances, and technology cost decreases as ways energy storage 
will shape the grid both near-term and long-term.  

 

άGiven the recent advances in energy storage technology and cost-effectiveness, it is hard to 
imagine a modern electric distribution system that does not include energy storageΦέ - Eversource, 
Grid Modernization Plan 2015-08-19, p56 

 

While recognizing the potential of energy storage, stakeholders mentioned numerous issues and 
barriers that are preventing widespread deployment in the Commonwealth. The issues fall into four 
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 planning reforms are issues related to transmission 
and distribution planning processes by ISO-NE and the distribution utilities to ensure that energy 
storage is sufficiently valued and considered for grid reliability purposes. Energy storage value 
realization issues address the challenges and uncertainty in the valuation of the range of capabilities 
and benefits of energy storage technologies.  This uncertainty in turn then limits the financeability 
and optimal siting and operation of energy storage. Finally, energy 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.  

3.1.3 Ranking Stakeholder Priorities 

As noted earlier, a survey was conducted in March 2016 to complete the 'ranking' of the priorities 
that resulted from the Energy Storage Workshop on October 30th, 2015 and to gain a better 
understanding of the perceived level of difficulty addressing the issues identified.  
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 As of the publication of this report, breakout session summaries may be accessed at the Mass.gov Energy Storage 
Initiatives (ESI) website: http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/energy-storage-
initiative/ 
99

 The presentation from the Update Webinar may also be accessed at the ESI website previously noted. 

http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/energy-storage-initiative/
http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/energy-storage-initiative/
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The survey was submitted to 300 people, and 129 stakeholders responded and self-identified their 
sector (more than one could be selected). The breakdown of respondents is shown in Table 3-1. 

 

Energy Storage Technology Provider 27.2% 

Distributed Energy Resource Developer - Renewables 27.2% 

Microgrid Developer 15.2% 

DER Platform Provider 12.8% 

Research Organization 12.8% 

Consulting Firm 12.8% 

Distributed Energy Resource Developer - CHP 8.8% 

Utility (publicly-owned) 8.8% 

Investor/Financier 8.8% 

Energy Storage Supply Chain 8.0% 

Competitive Energy Supplier 8.0% 

IPP 8.0% 

NGO 8.0% 

Utility (investor-owned) 6.4% 

Distributed Energy Resource Developer - Fuel 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% 

Table 3-1: Breakdown of survey respondents 

 

Those surveyed were first asked to rate a series of priorities and identify any other priorities not 

listed. Responses are summarized in Table 3-2. 



 
STATE OF CHARGE 
Massachusetts Energy Storage Initiative Study 
 

  

CHAPTER 3                                                                                                                                         60 | P a g e 
 

 

Stakeholder Priorities (Ranked from Highest to Lowest) 

Breakdown of Importance 

 

A 
Allow Energy Storage to Capture Multiple Revenue 

Streams 
 

B 
Allow Distributed Generators to Support System Capacity 

Needs 
 

C Financeability and Cost 

 

D Incentivize Non-Wires Alternatives 

 

E Pilot Programs to Demonstrate New Business Models 

 

F Streamline Interconnection Review Process 

 

G 
Identify, Value, and Increase Data Availability on 

Locational Benefits and Constraints 
 

H Address Value Proposition for Renewable Integration 

 

I 
Coordination and Clarity on Net Energy Metering (NEM) 

and Renewable Portfolio Standards (RPS) 
 

J 
Coordination of Energy Storage Initiatives Between ISO-

NE States 
 

K 
Increase Availability of and Improve Access to Advanced 

Metering and Customer Data 
 

L Resolve ISO-NE 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 Applications 

 

Table 3-2: Stakeholder Priorities from Final Survey 

 

3.2   Stakeholder Feedback 

3.2.1 Definition and Classification for Energy Storage 

One of the priority actions identified by utility stakeholders during the October 2015 workshop and 
follow-up utility interviews was for a framework for the classification of energy storage. Though an 
important foundational element of a comprehensive energy storage strategy, as the survey results in 
Table 3-2 shows, defining energy storage may fall behind other issues in terms of priority. Regulatory 
and legislative ambiguity of storage as an asset class may present uncertainty 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  ISO-NE Market Rule Clarity 

As part of the question on seeking a definition or classification for storage, utility and non-utility 

stakeholders have requested more clarity on the ISO-NE rules for energy storage. This call for clarity 

is aimed at helping market participants understand whether storage can be classified as a generation 

and/or transmission asset, what wholesale market products storage can provide, and what the 

associated performance requirements would be depending on its classification. The ISO-b9Ωǎ 

recently released paper on άIƻǿ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ /ŀƴ tŀǊǘƛŎƛǇŀǘŜ ƛƴ bŜǿ 9ƴƎƭŀƴŘΩǎ ²ƘƻƭŜǎŀƭŜ 

9ƭŜŎǘǊƛŎƛǘȅ aŀǊƪŜǘέ100 started addressing these questions. ISO-NE generally describes energy storage 

as non-ƛƴǘŜǊƳƛǘǘŜƴǘ ǊŜǎƻǳǊŎŜόǎύ ǘƘŀǘ ŀǊŜ άǳƴƛǉǳŜ ōŜŎŀǳǎŜ Ƴŀƴȅ ƻŦ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǇŜǊŀǘŜ ōƻǘƘ 

as a supply resource and a load resource.έ101 Due to the complexities of the Market Rule tariffs, the 

type of registration and market participation of an energy storage resource will determine the 

compensation and treatment of the resources in the wholesale market. The current view of energy 

storage in ISO-NE was developed to accommodate hydro pumped storage in Northwest 

                                                           
100

 ISO-NE, Iƻǿ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ /ŀƴ tŀǊǘƛŎƛǇŀǘŜ ƛƴ bŜǿ 9ƴƎƭŀƴŘΩǎ ²ƘƻƭŜǎŀƭŜ 9ƭŜŎǘǊƛŎƛǘȅ aŀǊƪŜǘ, January 2016; 
http://www.iso-ne.com/static-assets/documents/2016/01/final_storage_letter_cover_paper.pdf 

101
 Ibid 

http://www.iso-ne.com/static-assets/documents/2016/01/final_storage_letter_cover_paper.pdf
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Massachusetts, which was built in ǘƘŜ мфтлΩǎ ǘƻ ǇǊƻǾƛŘŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ н,000 MW of capacity within 

a 10-minute timeframe in the event of a nuclear plant trip. Rules accommodating pumped storage ς 

the dominant historical storage technology ς are seen as insufficient to support deployment of more 

diverse advanced storage technologies now entering the marketplace. The evolution and diversity of 

energy storage technologies, applications, and grid locations has gone well beyond the limits of 

traditional pumped hydro storage. 

3.2.3 Coordination of Energy Storage Regulatory Initiatives  

Massachusetts is a national leader in terms of clean energy goals. Stakeholders, however, 
commented that legislative energy policy goals are often conflicting. Coordination across regulatory 
proceedings within Massachusetts, as well as across the region, was identified by the distributed 
generators and project developers as a key priority to streamline market development. Specifically, 
coordination between the ESI and Grid Modernization Proceedings was highlighted as one such 
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 bill, HΦ прсуΦΣ ŎƭŀǊƛŦȅƛƴƎ ǘƘŀǘ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ άƳŀȅ ōŜ ƻǿƴŜŘ ōȅ ŀƴ 
ŜƭŜŎǘǊƛŎ ŘƛǎǘǊƛōǳǘƛƻƴ ŎƻƳǇŀƴȅέ ŀƴŘ ŦǳǊǘƘŜǊ ŀǇǇƻƛƴǘŜŘ 5h9w ǘƻ ŘŜǘŜǊƳƛƴŜ ŀ ǇǊƻŎǳǊŜƳŜƴǘ ǘŀǊƎŜǘΣ ƛŦ 
ŀǇǇǊƻǇǊƛŀǘŜΣ ŦƻǊ ŜƭŜŎǘǊƛŎ ŎƻƳǇŀƴƛŜǎ ǘƻ ǇǊƻŎǳǊŜ άǾƛŀōƭŜ ŀƴŘ Ŏƻǎǘ-ŜŦŦŜŎǘƛǾŜ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎέ ōȅ 
January 1, 2020.  

Some utility stakeholders also thought that the implementation of the Massachusetts utility-filed 
GMPs is an important solution to mitigate barriers for energy storage implementation. The ability to 
provide the 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 not currently available throughout the system. Today, 
detailed information is primarily derived from substation feeder monitors, while little, if any, 
detailed information is available on the side of the feeders where DG and energy storage will likely 
be installed as a customer-side resource.102  For the IOUs, the automation imposed in some GMPs103 
will provide the granular locational data needed to conduct an accurate analysis of value derived 
from customer-side resources, and until such granular data is available, it will be difficult to get to 
this value. 

3.2.4 Net Energy Metering (NEM) and Renewable Portfolio Standard (RPS) Solar Policy 

While many stakeholders expressed uncertainty about the net-metering and solar policy at the time 
of stakeholder workshops, much of that uncertainty has clarified since the passage of An Act Relative 
to Solar Energy in April 2016. Additional clarity about the interaction between storage and new solar 
policy is discussed as part of Chapter 7 recommendations.  

3.2.5 Storage as a Non-Wires Alternatives 

DG, wholesale market, and utility stakeholders commented on the lack of incentives for non-wires 
alternatives (NWA) such as energy storage to be considered in transmission and distribution (T&D) 
system planning processes that address grid reliability and efficiency. As costs of energy storage 
ǎȅǎǘŜƳǎ ƘŀǾŜ ŎƻƳŜ ŘƻǿƴΣ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ ŎƻƳǇŜǘŜ ǿƛǘƘ ǘǊŀŘƛǘƛƻƴŀƭ άǿƛǊŜǎέ 

                                                           
102

 Utility Stakeholder Phone interview and email follow-up with EPRI on 2015-12-14 
103

 Grid Modernization Plans: 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
http://www.mass.gov/eea/energy-utilities-clean-tech/electric-power/grid-mod/grid-modernization.html
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solutions to defer or replace the need for specific costlier transmission projects. Energy storage 
developers highlighted that NWAs such as energy storage often have the additional benefits of: 
avoiding infrastructure siting concerns of traditional solutions; being deployed and installed on a 
relatively quicker timeline; having the flexibility to be developed incrementally and developed using 
existing infrastructure (e.g., co-locating with existing electrical infrastructure); and providing 
reliability advantages by siting NWAs in diverse geographic locations (See Sidebar below).  

Currently in Massachusetts, utilities are not incentivized to propose NWA solutions for distribution 

planning. Stakeholders indicated that utilities generally prefer to submit their traditional wires 

solutions because there is no established cost allocation methodology or financing source for NWAs. 

Traditional ǿƛǊŜǎ ǎƻƭǳǘƛƻƴǎ ŀǊŜ ǳǎǳŀƭƭȅ ŘŜŦƛƴŜŘ ŀǎ άǘǊŀƴǎƳƛǎǎƛƻƴ ŀǎǎŜǘǎέ ǘƘŀǘ ƘŀǾŜ Ŏƻǎǘǎ ǊŜŎƻǾŜǊŜŘ 

and allocated according to the applicable FERC jurisdictional tariff. By contrast, such cost recovery 

and allocation methodologies are not available for NWAs that are nƻǘ ŘŜŦƛƴŜŘ ŀǎ άǘǊŀƴǎƳƛǎǎƛƻƴ 

ŀǎǎŜǘǎΦέ !ǎ ŀ ǊŜǎǳƭǘΣ ŘŜǾŜƭƻǇŜǊǎ ŀǊŜ ǳƴƭƛƪŜƭȅ ǘƻ ǇǊƻǇƻǎŜ b²!ǎ ǘƘǊƻǳƎƘ ŦƛƴŀƴŎƛƴƎ ŦǊƻƳ ǘƘŜƛǊ 

customers alone. With partial rate recovery or some market-based compensation mechanism for 

energy storage (or distributed energy resources generally) that provide reliability, NWAs would likely 

be proposed as reliability solutions on a more regular basis. 

Furthermore, several stakeholders highlighted that comprehensive and granular modeling is needed 
to accurately validate the total resource 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 benefits of different 
solutions. Also, resources like energy storage are often modeled as providing a single service rather 
than the multitude of services they are capable of delivering. System planners have typically shied 
away from NWAs due to concerns about operational certainty for cross-jurisdictional resources that 
provide both wholesale and retail services, and due to concerns about whether NWAs can deliver on 
their promise to provide grid services as needed. Advanced stochastic modeling in the T&D system 
planning process is needed for a comprehensive and transparent evaluation of traditional wires 
solutions versus NWAs.  

3.2.6 Allow Distributed Generators to Support System Capacity Needs 

Distributed generators identified a gap in market rules preventing aggregated energy storage from 
participating in system capacity markets or otherwise 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 load modifying or supply side) could provide grid service to secure 
this important value stream in Massachusetts. 

 

άDistributed energy storage has the potential to redefine the nature of the electric power grid. Today, 

the grid is characterized by the need to balance load and generation every second, primarily by 

dispatching generation.έ 

- Eversource, Grid Modernization Plan 2015-08-19, p56 

 

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

Drawing an analogy, ISO-b9Ωǎ 5ŜƳŀƴŘ wŜǎǇƻƴǎŜ wŜǎƻǳǊŎŜ !ƎƎǊŜƎŀǘƛƻƴ wǳƭŜǎ ǇǊƻǾƛŘŜ ŀƴ ŜȄŎŜƭƭŜƴǘ 
example of market rules that have created a vibrant demand response market, which allows 
participation of aggregated demand response resources. As written, the rules state that Demand 
Response Resources must be able to produce at least 100 kW of demand reduction and can be 
comprised of an aggregation of Demand Response Assets located within the same Dispatch Zone 
and Reserve Zone.104 Each Demand Response Asset must be able to produce at least 10 kW of 
demand reduction either by itself or aggregated across multiple end use customers from multiple 
delivery points within a single Dispatch Zone and Reserve Zone. The results of these rules have been 
a strong DR marketplace (See Sidebar). Lessons from ISO-b9Ωǎ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜ ƳŀǊƪŜǘ Ŏŀƴ ƛƴŦƻǊƳ 
the aggregation rules for a broader set of resources to provide different grid services. 

 

Sidebar: ISO-NE Demand Response Market  

The amount of Demand Resource Assets as of February 1, 2016 totals approximately 2,737 MW.  Of 

this amount, about 952 MW or 35% are in the three Massachusetts load zones.105 The Active 

Demand Resource Asset enrolled MW as of February 1, 2016 is approximately 1,004 MW comprised 

of Transitional Price Responsive Demand, Real-time Demand Resource and Real-time Emergency 

Generation Resource.  Passive demand resources are not included here as they are not dispatchable 

MW. Of the Active Demand Resource Asset enrolled MW, approximately 241 MW or 24% are in 

Massachusetts load and dispatch zones. 

 

Distributed generators also requested guidance on an appropriate methodology for quantification of 
system benefits for DERs that improve the system load factor.  In addition, a desire for clarity on 
storage participation as a demand response resource and the complexity of existing DR aggregation 
rules were also mentioned. These issues could be addressed through ISO-NE stakeholder 
engagement.  

Competitive suppliers noted that energy storage could also play a role in improving overall system 
(utility level or even ISO-NE 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 obligation.  If large numbers of 
customers engage in this activity and effectively manage the system peak, material reductions to the 
overall system peak and reserve capacity needs could be realized.  Wide scale deployment of energy 
storage resources operated in a coordinated manner to manage individual customer peak demands 
coincident with the system peak would likely yield improved reductions in system capacity needs. 
Further market development, however, would be necessary to realize this. 

 

                                                           
104

 ISO-NE, WEM 101: 13 ς Demand Resources in New England Markets; http://www.iso-ne.com/static-
assets/documents/2015/11/20151019_13_wem101_demand_resources.pdf  

105
 Data Source: Demand Resource Working group presentation by the ISO Demand Resource Strategy Department ς 

January 2016.  The WCMA, NEMA & SEMA load zones were summed to represent Massachusetts. See http://www.iso-
ne.com/markets-operations/markets/demand-resources/ 

http://www.iso-ne.com/static-assets/documents/2015/11/20151019_13_wem101_demand_resources.pdf
http://www.iso-ne.com/static-assets/documents/2015/11/20151019_13_wem101_demand_resources.pdf
http://www.iso-ne.com/markets-operations/markets/demand-resources/
http://www.iso-ne.com/markets-operations/markets/demand-resources/
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Sidebar: FERC Order 745 Update  

On January 25, 2016 the U.S. Supreme Court issued an order106 reversing the DC Circuit Court of 

Appeals ruling in the case of Federal Energy Regulatory Commission v. Electric Power Supply 

Association (EPSA). The DC Circuit Court ruled in favor of EPSA, finding that FERC lacked authority to 

issue Order 745 (Order 745 requires ISO/RTOs to pay DR for energy conservation the same rate as 

paid to generators for energy supply ς ƛΦŜΦΣ άŦǳƭƭ [atέύ ŀǎ ƛǘ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ C9w/ ŘƛǊŜŎǘƭȅ ǊŜƎǳƭŀǘƛƴƎ 

ǘƘŜ ǊŜǘŀƛƭ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘΣ ǿƘƛƭŜ ŀƭǎƻ ƘƻƭŘƛƴƎ ǘƘŀǘ ǘƘŜ hǊŘŜǊΩǎ Ŧǳƭƭ [at ŎƻƳǇŜƴsation methodology 

ƛǎ άŀǊōƛǘǊŀǊȅ ŀƴŘ ŎŀǇǊƛŎƛƻǳǎέΦ 

¢ƘŜ {ǳǇǊŜƳŜ /ƻǳǊǘΩǎ hǊŘŜǊΣ ƘƻǿŜǾŜǊΣ ŦƻǳƴŘ ǘƘŀǘΥ 

¶ FERC does have the authority to regulate DR in the wholesale market 

¶ C9w/Ωǎ ŘŜŎƛǎƛƻƴ ǘƻ Ǉŀȅ 5w ǘƘŜ Ŧǳƭƭ [at ǿŀǎ ƴƻǘ ŀǊōƛǘǊŀǊȅ ŀƴŘ ŎŀǇǊƛŎƛƻǳǎ 

This ruling lifts the clouds of regulatory uncertainty that have plagued DR participants in ISO-b9Ωǎ 

ƳŀǊƪŜǘǎ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ǎŜǾŜǊŀƭ ȅŜŀǊǎΦ Lǘ ŘƻŜǎƴΩǘΣ ƘƻǿŜǾŜǊΣ ǊŜǉǳƛǊŜ ǘƘŜ L{h ǘƻ ŀƭǘŜǊ ƛǘǎ ŎǳǊǊŜƴǘƭȅ 

approved tariff; instead, it permits the ISO to move forward with fully integrating DR into the energy 

and reserve markets starting on June 1, 2018. Note that DR can presently participate in ISO-b9Ωǎ 

capacity market and, on a limited basis, the energy market. 

 

3.2.7 Load Reconstitution with Energy Storage 

Stakeholders identified the ambiguity of the ISO-b9Ωǎ [ƻŀŘ wŜŎƻƴǎǘƛǘǳǘƛƻƴ107  rule/policy, as it relates 

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 alike.  MLPs ranked 

Capacity and Transmission Payment Reduction as a high priority application that has one of the most 

substantial potential value streams for energy storage systems, but stakeholders noted that Load 

Reconstitution is a significant regulatory barrier 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 storage. Holyoke Gas and 

Electric (HG&E) points out that the definition of Regional Network Load (RNL) under Section I: 

General Terms & Conditions of the ISO-NE Transmission, Markets & Services Tariff (page 84) includes 

the following sentence: 

 ά¢ƘŜ bŜǘǿƻǊƪ /ǳǎǘƻƳŜǊΩǎ wŜƎƛƻƴŀƭ bŜǘǿƻǊƪ [ƻŀŘ ǎƘŀƭƭ ƛƴŎƭǳŘŜ ŀƭƭ ƭƻŀŘ ŘŜǎƛƎƴŀǘŜŘ ōȅ ǘƘŜ 

Network Customer (including losses) and shall not be credited or reduced for any behind-

the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴΦέ  

This sentence would effectively require anything that is ŎƻƴǎƛŘŜǊŜŘ άōŜƘƛƴŘ-the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴέ 

to be reconstituted for the purposes of determining Transmission payments pursuant to the Open 

                                                           
106

 Federal Energy Regulatory Commission v. Electric Power Supply Association et al., No. 14ς840 (U.S. January 25, 2016);  
http://www.supremecourt.gov/opinions/15pdf/14-840_k537.pdf  

107
 Load reconstitution in this context refers to the process of adding to the sum of electricity that a customer consumed 
όƛΦŜΦΣ άƭƻŀŘέύΣ ǘƘŀǘ ŜƭŜŎǘǊƛŎƛǘȅ ǿƘƛŎƘ ǿŀǎ bh¢ ŎƻƴǎǳƳŜŘ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊ ǳǘƛƭƛȊƛƴƎ ŀ ƎŜƴŜǊŀǘƛƴƎ ǊŜǎƻǳǊŎŜ 
located behind its electric meter ς in this case, an energy storage device. With limited exception, this applies to load 
ǘƘŀǘ ǿŀǎ ǊŜŘǳŎŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ ƎŜƴŜǊŀǘƛƻƴ άƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ ƳŜǘŜǊέ ŀǎ ǿŜƭƭΦ 

http://www.supremecourt.gov/opinions/15pdf/14-840_k537.pdf
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Access Transmission Tariff (OATT) (Section II of the Transmission, Markets & Services Tariff). 

CǳǊǘƘŜǊƳƻǊŜΣ άōŜƘƛƴŘ-the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴέ ƛǎ ƴƻǘ ŘŜŦƛƴŜŘ ŀƴȅǿƘŜǊŜ ƛƴ ǘƘŜ ¢ǊŀƴǎƳƛǎǎƛƻƴΣ aŀǊƪŜǘǎ 

& Services Tariff (or by ISO-b9 ƻǊ C9w/ύΦ !ŎŎƻǊŘƛƴƎ ǘƻ IDϧ9Ωǎ ŜȄǇŜǊƛŜƴŎŜǎ ǿƛǘƘ ǊŜŎƻƴǎǘƛǘǳǘŜŘ ƭƻŀŘΣ 

tƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ άōŜƘƛƴŘ-the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴέ ƛǎ ǳǇ ǘƻ ǘƘŜ ǊŜƎƛƻƴŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǿƴers. For 

an MLP, the meter in question is one at the wholesale level as opposed to solely retail meters. In 

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

άōŜƘƛƴŘ ǘƘŜ ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴέΣ ƭƻŀŘ ǊŜŎƻƴǎǘƛǘǳǘƛƻƴ ǿƻǳƭŘ ŜŦŦŜctively eliminate the ability of an 

installed energy storage system to reduce transmission payments. 

 

Insight: /ƭŀǎǎƛŦȅƛƴƎ 59wΩǎ ǘƻ 9ƴŀōƭŜ tǊƻǇŜǊ aŀǊƪŜǘ tŀǊǘƛŎƛǇŀǘƛƻƴ 

An ISO serves as the billing and collection agent responsible for recovering costs associated with the 

provision of regional network service (RNS) and other services to transmission customers. The Open 

Access Transmission Tariff (OATT) (Section II of the ISO tariff) governs the allocation of these costs. 

The ISO determines each Network CustomeǊΩǎ ǎƘŀǊŜ ƻŦ ǘƘŜ ƳƻƴǘƘƭȅ wb{ Ŏƻǎǘ ōŀǎŜŘ ǳǇƻƴ ŀ Ǌŀǘƛƻ ƻŦ 

ǘƘŜ bŜǘǿƻǊƪ /ǳǎǘƻƳŜǊΩǎ108 regional network load όwb[ύ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ƳƻƴǘƘƭȅ ǇŜŀƪΣ ǘƻ 

ǘƘŜ ǎǳƳ ƻŦ ŀƭƭ bŜǘǿƻǊƪ /ǳǎǘƻƳŜǊǎΩ wb[ ŀǘ ǘƘŀǘ ǎŀƳŜ Ǉƻƛƴǘ ƛƴ ǘƛƳŜΦ ¢ƘŜ ƳƻǊŜ ŀ bŜǘǿƻǊƪ /ǳǎǘƻƳŜǊ 

can lower its RNL at the monthly system peak, the more it can lower its allocation of RNS costs. This 

άŀǾƻƛŘŜŘ Ŏƻǎǘέ ƛǎ ƴƻǘΣ ƘƻǿŜǾŜǊΣ ŀǾƻƛŘŜŘΤ ƛǘ ƛǎ ǊŜŎƻǾŜǊŜŘ ōȅ ǿŀȅ ƻŦ ŀ ŎƻƳƳŜƴǎǳǊŀǘŜ ƛƴŎǊŜŀǎŜ ǘƻ ǘƘŜ 

cost allocations to other Network Customers. The ISO Tariff, however, prohibits the practice of 

ƭƻǿŜǊƛƴƎ ƻƴŜΩǎ wb[ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ ƻŦ ōŜƘƛƴŘ-the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴΣ ǎǘŀǘƛƴƎ ǘƘŀǘ wb[ άǎƘŀƭƭ ƛƴŎƭǳŘŜ 

all load designated by the Network Customer (including losses) and shall not be credited or reduced 

for any behind-the-meter generationΦέ109 The ISO supports this prohibition on the belief that all 

Network Customers should collectively pay for a system that would provide for the Network 

/ǳǎǘƻƳŜǊΩǎ ŜƴǘƛǊŜ ŜƴŜǊƎȅ ƴŜŜŘǎ ƛƴ ǘƘŜ ŜǾŜƴǘ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴΣ ōŜƘƛƴŘ-the-meter or otherwise, is not 

available. 110 

 

While the ISO Tariff is explicit on its requirement that behind-the-meter 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 values. Each transmission owner memorializes its customized 
methodology for calculating Local Network Load vis-à-vis its local network Schedule 21 of the ISO 
OATT.111 It is here where there seems to be some area for interpretation. Whereas the ISO expects 
that transmission owners will provide Regional bŜǘǿƻǊƪ [ƻŀŘ ǾŀƭǳŜǎ ƛƴŎƭǳǎƛǾŜ ƻŦ άŀƭƭ ƭƻŀŘέ ŜȄŎƭǳŘƛƴƎ 
behind-the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴΣ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǿƴŜǊΩǎ {ŎƘŜŘǳƭŜ нм ŘŜŦƛƴŜǎ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ 
calculating Local Network Load. Local Network Load is a term that is defined separately in each of 
ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǿƴŜǊΩǎ {ŎƘŜŘǳƭŜ нмΦ !ǎ ǘƘŜ {ŎƘŜŘǳƭŜ нмǎ ŘƻƴΩǘ ǊŜŦŜǊ ǘƻ wb[Σ ǘƘŜǊŜ ƛǎ ŀ ŘƛǎŎƻƴƴŜŎǘ 
in the tariff language which seems to create the opportunity for alternate approaches to complying 
with the ISO Tariff. In at least one instance a transmission owner has chosen to define under what 

                                                           
108

 Network Customer is a Transmission Customer receiving Regional Network Service or Local Network Service. 
109

 ISO-NE, Section 1 ς General Terms and Conditions; http://www.iso-ne.com/static-
assets/documents/regulatory/tariff/sect_1/sect_i.pdf  

110
 ²ƘƛƭŜ ǘƘŜ L{hΩǎ ¢ŀǊƛŦŦ ƭŀƴƎǳŀƎŜ ƘŀǎƴΩǘ ōŜŜƴ ŎƘŀƭƭŜƴƎŜŘ ŀǘ C9w/Σ ǘƘŜǊŜ ŀǊŜ ŀ ƴǳƳōŜǊ ƻŦ ŎŀǎŜǎ ǿƘŜǊŜ ǘƘŜ C9w/ Ƙŀǎ 
supported a similar approach to that of the ISO, ruling that behind-the-meter generation should be subject to 
transmission service charges. See, e.g., http://www.ferc.gov/CalendarFiles/20150601172527-ER15-710-002.pdf  

111
 Schedule 21 is a sub-ŎƻƳǇƻƴŜƴǘ ƻŦ L{hΩǎ h!¢¢ ŀƴŘ ǊŜǇǊŜǎŜƴǘǎ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻǿƴŜǊΩǎ ǘŜǊƳǎ ŀƴŘ 
conditions for its provision of local service. 

http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_1/sect_i.pdf
http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_1/sect_i.pdf
http://www.ferc.gov/CalendarFiles/20150601172527-ER15-710-002.pdf
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conditions behind-the-meter generation can be used to lower Local Network Load112 while in 
another instance a transmission owner explicitly prohibits the use of any behind-the-meter 
generation to be used to lower Local Network Load.113 

.ŜŎŀǳǎŜ άōŜƘƛƴŘ-the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴέ ƛǎ ƴƻǘ ŘŜŦƛƴŜŘ ŀƴȅǿƘŜǊŜ ƛƴ ǘƘŜ ¢ǊŀƴǎƳƛǎǎƛƻƴΣ aŀǊƪŜǘǎ ϧ 
Services Tariff (or by ISO-NE or FERC), HG&E suggests that a solution would be to receive a ruling  or 
clarification from ISO-NE and/or the transmission owners that energy storage systems are not 
άōŜƘƛƴŘ-the-ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴέ ŀǎǎŜǘǎΦ   

3.2.8 Financeability and Cost 

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

¶ Utilities identified ownership rules, business models, inability to capture multiple value 
streams, lack of clear valuation metrics, limited smart grid infrastructure, and modeling 
ƭƛƳƛǘŀǘƛƻƴǎ ŀǎ ƳŀƧƻǊ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ ŘƛǊŜŎǘƭȅ ƛƳǇŀŎǘ ŀ ǳǘƛƭƛǘȅΩǎ ŀōƛƭƛǘȅ ǘƻ ŜƴǎǳǊŜ ǘhat storage 
benefits exceed costs. 

¶ Utility stakeholders and energy customers identified the economics of energy storage and 
the difficulties with monetizing all the potential value streams storage can provide. These 
difficulties can limit potential storage applications. But, they believe the rapidly declining 
cost of storage will assist in enabling more applications. 

¶ Other energy customers that participated noted the complexity of contracts and difficulty in 
understanding the value proposition as key hindrances to adopting storage. They 
recommended that the developers and technology providers simplify and better clarify their 
ƻŦŦŜǊƛƴƎǎ ŀƴŘ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŜǾŜƴǘǳŀƭ ōŜƴŜŦƛǘΦ 

¶ Competitive suppliers listed cost and ability to finance storage at the top of their list of 
barriers to wider scale adoption at the retail level.  Stakeholders 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, high financing costs make 
investments unjustifiable economically. 

¶ Distributed Generator & DER Provider/Developers require better understanding of the 
value proposition and revenue streams in Massachusetts in order to finance projects at a 
reasonable cost of money (versus typical market rates) and pay risk-adjusted interest rates. 
The California Renewable Market Adjusting Tariff (Re-MAT), a feed-in tariff incentive 
program, was noted as a successful example of a market responsive incentive structure.114  

                                                           
112

 9ΦƎΦΣ DǊŜŜƴ aƻǳƴǘŀƛƴ tƻǿŜǊΩǎ {ŎƘŜŘǳƭŜ нм ƭŀƴƎǳŀƎŜ ǎǇŜŎƛŦƛŜǎ ǘƘŀǘ ƛǘ ǿƛƭƭ άǘǊŜŀǘ ŀǎ ƛƴǘŜǊƴŀƭ ƎŜƴŜǊŀǘion all behind-the-
ƳŜǘŜǊ ƎŜƴŜǊŀǘƛƻƴ ǳƴƛǘǎ ǿƛǘƘ ŀ ŎŀǇŀŎƛǘȅ ƎǊŜŀǘŜǊ ǘƘŀƴ ƻǊ Ŝǉǳŀƭ ǘƻ м a²ΧΦέ ²ƘƛƭŜ ƛƴǎǘǊǳŎǘƛƴƎ ǘƘŀǘ άŀƴȅ ǎǳŎƘ ƎŜƴŜǊŀǘƛƻƴ 
occurring at the time of the transmission peak will be added to the metered load of the Network Customer for 
purposes of ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ bŜǘǿƻǊƪ /ǳǎǘƻƳŜǊΩǎ [ƻŎŀƭ bŜǘǿƻǊƪ [ƻŀŘΦέ http://www.iso-ne.com/static-
assets/documents/regulatory/tariff/sect_2/sch21/sch_21_gmp.pdf  

113
 bŜǿ 9ƴƎƭŀƴŘ tƻǿŜǊΩǎ {ŎƘŜŘǳƭŜ нм ŘŜŦƛƴŜǎ bŜǘǿƻǊƪ [ƻŀŘ ŀǎ ǘƘŜ άƭƻŀŘ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ όƴƻǘ ǊŜŘǳŎŜŘ ŦƻǊ ŀƴȅ ƎŜƴŜǊŀǘƛƻƴ 
behind the meter) to the PTF, Non-PTF or Distribution Facilities of NEP or its New England Affiliates either directly or 
through Distribution Facilities or Non-PTF Facilities of other entities that a Network Customer designates to receive 
Local Network Service under Schedule 21 and this Schedule. http://www.iso-ne.com/static-
assets/documents/regulatory/tariff/sect_2/sch21/sch_21_nep.pdf  

114
 CPUC, Renewable Feed-In Tariff (FIT) Program, July 25, 2013; http://www.cpuc.ca.gov/feedintariff/ 

http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/sch21/sch_21_gmp.pdf
http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/sch21/sch_21_gmp.pdf
http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/sch21/sch_21_nep.pdf
http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/sch21/sch_21_nep.pdf
http://www.cpuc.ca.gov/feedintariff/
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¶ DER Providers/Developers also 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&I and residential market sectors are developed in 
tandem with utility and wholesale opportunities. 

¶ Energy System Manufacturers/Integrators noted the lack of small project finance as a 
barrier, and highlighted the need for more investment in technology development.  Another 
challenge is that creditworthiness of counterparties is often un-established due to the size of 
company and short time since inception, making financing difficult. 

¶ Technology developersΣ ǳƴƭƛƪŜ ƻǘƘŜǊ ǎǘŀƪŜƘƻƭŘŜǊǎΣ Řƻ ƴƻǘ ǇŜǊŎŜƛǾŜ άŦƛƴŀƴŎŜŀōƛƭƛǘȅέ ŀǎ ŀ 
barrier in terms of unfavorable tariffs, or inadequate or non-existent revenue streams or 
business model. They define it simply as the lack of funds to help bring a technology from 
wϧ5 ǘƻ ƳŀǊƪŜǘΦ ¢ƘŜȅΩǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƳŜŎƘŀƴƛǎƳǎ ǘƘŀǘ Ŏŀƴ ǎǳǇǇƻǊǘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ǳƴǘƛƭ ƛǘ 
becomes attractive for a manufacturer to purchase it or license it, or accepted in a utility 
demonstration.  

An overarching challenge identified by all stakeholders is the reliability and certainty of access to, 
and the magnitude of, both long and short term revenue streams. The constantly changing 
regulatory and policy landscape brings the bankability of value streams into question for financiers. 
Regulatory certainty would provide a long-term policy signal and lead to reduced risk and easier 
financing.   

The Eversource utilitiesτat least for larger commercial and industrial customersτcharge for 
transmission service based on the monthly peak demand, while smaller commercial and residential 
rates charge for this service based on kWh consumption (National Grid and Unitil use kWh 
consumption for the determinant for all customer classes).  Energy storage could help to reduce 
transmission charges by shaving peak demand. Where the transmission charge is consumption 
(KWh) based, energy storage would not be beneficial for reducing transmission charges.  The 
addition of storage might increase transmission charges in this case due the increased consumption 
for charging.  

However, it is ambiguous whether demand management could be used to reduce transmission costs 
due to the ISO-NE policy of load. The tariff implies that load reductionsτeither intentional or 
unintentionalτfrom behind-the-meter resources would be added back to determine the 
transmission charges for the network customer.  Utility 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 behind-the-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 them. This is further addressed 

in Chapters 5, 7 and 8.  

3.2.9 Enable the Prosumer Model 

Competitive suppliers expresǎŜŘ ƪŜŜƴ ƛƴǘŜǊŜǎǘ ƛƴ ŀƭƭƻǿƛƴƎ ŎǳǎǘƻƳŜǊǎ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜ ŀǎ άǇǊƻǎǳƳŜǊǎέ 

who act as both consumers and producers. The 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 consumers of kWh. Instead, they 

may establish an interdependent relationship with the utility company in which at certain times of 

the day they are consuming kWh and at other times committed to provide power to the grid.  

 

 

Figure 3-1: Illustration of Irvine Smart Grid Demonstration Project (Source: EPRI / Southern California Edison)
115 

3.2.10 Availability of and Access to Advanced Metering and Customer Data 

Competitive suppliers and DER providers cite the lack of advanced metering data and accessibility 

(or lack thereof) of existing data as key hindrances in obtaining customer data that is sufficient to 

process and develop accurate customer value proposition 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, providers would be able to provide customers and financiers with greater certainty of a 

ǇǊƻƧŜŎǘΩǎ ŜŎƻƴƻƳƛŎ ǾƛŀōƛƭƛǘȅΦ  

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, or even to their own system planners. 

                                                           
115

 {ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ 9ŘƛǎƻƴΣ {/9Ωǎ ¢ǊŀƴǎŀŎǘƛǾŜ 9ƴŜǊƎȅ 5ŜƳƻƴǎǘǊŀǘƛƻƴ tǊƻƧŜŎǘΣ 5ŜŎŜƳōŜǊ мл-11, 2013; 
http://www.gridwiseac.org/pdfs/workshop_121013/yinger_sce_gwac_wkshppres12-2013.pdf 

http://www.gridwiseac.org/pdfs/workshop_121013/yinger_sce_gwac_wkshppres12-2013.pdf
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Some customer and grid services of energy storage are only possible in specific siting circumstances 

and locations. These benefits could accrue to the customer (demand charge management, reliability, 

time-of-use rate management 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 during the year. This situation could be solved if energy storage were deployed 
at one or more customersΩ sites in the congested area and could effectively mitigate the constraint 
when necessary, while providing other services to the end users at other time. In this case the 
storage would be able to capture both customer and grid value streams. 

However, with the exception of a ŦŜǿ ǇǊƻƧŜŎǘǎ όǎŜŜ {a¦5Ωǎ нрллw ǇǊƻƧŜŎǘ116 as an example), current 
regulations, utility business models, and lack of information prevent non-utility owned energy 
storage systems from providing (and being compensated for) locational grid services. In reality, the 
opposite is often true; rather than providing a revenue stream, the location choice may actually add 
to project cost. For example, project developers and distributed generators often seek to 
interconnect projects in a constrained area (though the developer has no way of knowing this 
beforehand). After much time and investment, the utility may request payment from the developer 
for system upgrades to ensure the constraint is not worsened by the energy storage system before 
approving the interconnection application.  

Project developers, including wholesale market participants, and distributed generators encourage 
utilities to share locational 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 access to locational, 
distribution system constraint data, they could avoid siting projects in areas that would require 
traditional distribution upgrades, the interconnection process could potentially be streamlined, and 
ratepayers could potentially save money, which is a key priority for surveyed utilities. 

Moreover, this locational information could also be utilized to explore revenue opportunities. Where 
ownership rules allow, utilities and other stakeholders could explore co-utilization of storage assets 
in which both the customer and utility receive a benefit. 

3.2.12 Address Value Proposition for Renewable Integration 

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

Several Massachusetts utilities shared their plans to use energy storage at the distribution and 
customer levels for renewable energy integration. MLPs are "seriously looking into energy 
storage"117 at the MW-scale for their distribution systems. Several renewable energy developers 
discussed using energy storage co-located with renewable energy projects as a valuable risk 
mitigation tool for intermittent capacity resources. Examples shared during the stakeholder input 
process are described in detail in Chapter 5.  

                                                           
116

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

http://smartgridcustomereducation.com/presentations/SGCES-LupeJimenez-SMUD.pdf 
117

 YŜǾƛƴ {ǳƭƭƛǾŀƴΣ !ǎǎƛǎǘŀƴǘ {ǳǇŜǊƛƴǘŜƴŘŜƴǘΣ ²ŜƭƭŜǎƭŜȅ aǳƴƛŎƛǇŀƭ [ƛƎƘǘ tƭŀƴǘΩǎ ǾŜǊōŀƭ ŎƻƳƳŜƴǘǎ ŘǳǊƛƴƎ a[t Ŧƻƭƭƻǿ-up call 
on 2015-11-30 

http://smartgridcustomereducation.com/presentations/SGCES-LupeJimenez-SMUD.pdf
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άEnergy Storage is an important tool for utilities in addressing the challenges of intermittent PV 

generation. A solution to address voltage fluctuations will make it possible for more facilities to come 

on line at the substation with a relatively less complex interconnection study process and lower 

system modification costsΦέ 

 - Eversource, Grid Modernization Plan 2015-08-19, p58 

 

άWe aggressively work to identify ways to expand our carbon-free portfolio and improve efficiency 

and resiliency on our electrical grid. For several years we have viewed energy storage as a potential 

means of doing just this and have conducted substantial research to that extent.έ 

 ς Anonymous Utility Representative 

 

3.2.13 Diversity of Energy Storage Technologies  

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 optimal Use Cases.  Energy storage manufacturers, though, observe that not all 
energy storage technologies have an equal seat at the table. Most notably hydrogen and thermal 
energy storage providers identified under-representation of their respective technologies in the 
industry and market conversation. They noted that technology-agnostic solicitations and incentives 
that value services and performance, regardless of what technology is deployed, would help address 
the issue.   

3.2.14 Energy Storage Research and Development 

While some technologies are considered by many to be fully emerged and commercially ready for 
adoption, like batteries, other storage technologies are ōŜǘǘŜǊ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨŜƳŜǊƎƛƴƎΩ and are 
promising for the future with proper support. Pilot projects were identified as a key enabler of 
commercialization, but technology developers, energy storage manufacturers, utilities, distributed 
generators and project developers identified several priorities and challenges related to pilot 
projects including:  

¶ Difficulty in securing funding to build the first demonstration project for a new technology or 
application, causing potential financiers and buyers to be very reluctant to finance 
άǳƴǇǊƻǾŜƴέ ǘŜŎƘƴƻƭƻƎƛŜǎΦ  

¶ Lack of adequate competition in demonstration project solicitations where one technology 
type is favored over others.  

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

¶ Lack of utility operating experience, leading to high soft costs of implementation.   

One stakeholder recommended that establishing a pilot program that funds emerging energy 
storage technology and tests Use Cases would address the priority areas listed above. Technology 
pilots could limit exposure to technology risk and provide an opportunity to test applications that 
may not be cost effective today, but may be commercially viable in the future. This would allow 
newer companies and technologies to gain experience and prove their technologies, while 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 provide the best possible data.  

 

άA two phased approach should be adopted; first initiate the market with a target, then work on 

getting rules in place to ensure that there's a long term opportunity.έ 

- Anonymous DG Developer 

 

3.2.15 Interconnection Review Process 

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 interconnecting resource. However, 
according to DG stakeholders, the interconnection processes in the Commonwealth are currently 
not in alignment with the operational profile and capabilities of the interconnecting energy storage 
resource (See Table 3-3 ŦƻǊ ŀƴ ƛƭƭǳǎǘǊŀǘƛƻƴ ƻŦ bŀǘƛƻƴŀƭ DǊƛŘΩǎ ǎǘŀƴŘŀǊŘ ŀƴŘ ŜȄǇŜŘƛǘŜŘ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ 
process). Developers identified four broad operational profiles for behind-the-meter energy storage 
resources, which are based on their export capabilities and configurations: 

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

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

¶ Systems that operate in parallel with the grid with limited export to the grid 

¶ 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 therefore warrant 
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 flows that may jeopardize the reliability of the 
distribution grid, as compared to those with full export capability.118 Therefore, DG stakeholders 
believe that the operational profiles with limited grid impacts (i.e., non-export and/or limited export) 
should have an option available to 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.  

                                                           
118

 Emergency generators are not required to follow 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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 Table 3-3: 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 feeders 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 pre-approved configurations across certain locations and times, 
these full-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 infrastructure, to conduct a net load 
analysis to identify time-of-use periods for peak demand, and to make the data from the 
aforementioned analyses available to DG developers.119 

DG stakeholders also identified the lack of enforcement of the cost and turnaround time of the 
interconnection review process.120 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 interconnection review 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 and pre-approved 
configurations to take advantage of expedited review processes.  

Lastly, developers ŀƭǎƻ ƘŀǾŜ ŀ ƭŀŎƪ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀǊƻǳƴŘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǳǘƛƭƛǘƛŜǎΩ ŀǇǇǊƻŀŎƘŜǎ ǘƻ 
interconnectionΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ L{hΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ƛƴǘŜǊŎƻƴƴŜŎǘƛƴƎ ǎǘƻǊŀƎŜ ǊŜǎƻǳǊŎŜǎ. There are three 
different interconnection processes for the IOUs, MLPs, and the ISO. These differences need to be 
clarified publicly and processes should be put in place that allow energy storage systems to advance 
through interconnection study processes that cross the jurisdictional divide between wholesale and 
retail. 
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 The US-DOE funded Fraunhofer grant will explore the potential for a one-week interconnection review process. 
120

 For a description of the existing timeframe enforcement mechanism required by the Massachusetts Legislature, see 
DPU 11-75-F; 15-28; 15-29; 15-30; 15-31. 

 



 
STATE OF CHARGE 
Massachusetts Energy Storage Initiative Study 
 

  

CHAPTER 3                                                                                                                                         74 | P a g e 
 

3.2.16 Safety Codes and Standards 

For certain technologies codes, standards, and regulations (CSR) for energy storage currently lag 
behind in technological development. CSR address components, entire assembly, installation, 
commissioning, operations and maintenance, incident response, system transport, and end of life.  

Competitive suppliers and project developers note that the lack of applicable standards makes siting 
and installing energy storage at 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 safety of such systems. 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 
άsafeέ energy storage system.  

Utilities and technology manufacturers identified clarification and implementation of performance 
and testing protocols and interoperability standards as key priorities/solutions to help address CSR 
ǳƴŎŜǊǘŀƛƴǘȅΦ 9twLΩǎ 9ƴŜǊƎȅ {ǘƻǊŀƎŜ LƴǘŜƎǊŀǘƛƻƴ /ouncil121 is currently working to develop such 
ǇǊƻǘƻŎƻƭǎ ŀƴŘ ǎǘŀƴŘŀǊŘǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ ǊŜǾƛǎŜŘ ŀƴŘ ŀŘƻǇǘŜŘ ǘƻ ǘƘŜ ǎŀǘƛǎŦŀŎǘƛƻƴ ƻŦ aŀǎǎŀŎƘǳǎŜǘǘǎΩ 
stakeholders. 

3.3  Stakeholder Suggestions for Areas of Further Investigation 

Utility stakeholders recommended an expansion from a comparative analysis between conventional 
resources versus energy storage alternatives to one comparing the cost effectiveness of a broad 
range of non-wires solutions (including energy storage) versus conventional resources. Utilities 
should be encouraged to explore a variety of non-conventional technologies, particularly as the grid 
evolves from a central station model to a more distributed future. 

An additional stakeholder suggestion encourages the state of Massachusetts to consider 
ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǘŜǎǘ ƭŀōΦ DƛǾŜƴ aŀǎǎŀŎƘǳǎŜǘǘǎ ǳǘƛƭƛǘƛŜǎΩ ǊŜƭŀǘƛǾŜ ƭŀŎƪ ƻŦ ƻǇŜǊŀǘƛƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ 
Ƴŀƴȅ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀ ǘŜǎǘ ƭŀō ǿƻǳƭŘ ǇǊƻǾƛŘŜ ǾŀƭǳŜ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ 
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 recommended consideration of grid-connected energy storage alternatives for EV 
charging integration. 

Customer stakeholder requests for regulatory clarity on energy storage asset classification and 
reconstitution of load is expected to continue to surface as an unresolved issue. 

3.4  Conclusion 

The above stakeholder engagement process showed a strong interest in energy storage. The 
stakeholders identified many applications for storage to address energy challenges but expressed 
concerns that current regulatory and policy frameworks can and do create barriers to development. 
The market is still at an early stage due to a lack of uniform and streamlined policy frameworks, as 
well as uncertainty regarding market rules and energy storage value streams. Several DER 
developers have expressed the view that there are no clear drivers for developing energy storage 
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 EPRI, EPRI Energy Storage Integration Council (ESIC); http://www.epri.com/Pages/EPRI-Energy-Storage-Integration-
Council-(ESIC).aspx  

http://www.epri.com/Pages/EPRI-Energy-Storage-Integration-Council-(ESIC).aspx
http://www.epri.com/Pages/EPRI-Energy-Storage-Integration-Council-(ESIC).aspx
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projects in the Commonwealth. Several key regulatory barriers must be addressed at the state level, 
in order for storage market development to take place in Massachusetts. 

Stakeholders expressed a desire to better understand the value streams of energy storage. 
Additional cost benefit analyses of energy storage Use Cases is necessary to understand the primary 
revenue streams of energy storage in Massachusetts as well as the depth of certain markets.  

Overall, the active engagement of a broad range of stakeholders 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 deployment of advanced energy storage installations.  Stakeholders provided substantial 
input to the Study 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 recommendations from this Energy 
Storage Initiative.  This input was used to influence the recommendations highlighted later in this 
study. 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŎƘŀǇǘŜǊǎ ǊŜǾƛŜǿ ǘƘŜ Ƴŀƴȅ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ǘƻ ŀŘŘǊŜǎǎ aŀǎǎŀŎƘǳǎŜǘǘǎΩ 
energy challenges and describe the modeled cost benefit analysis for both a system of storage assets 
and also specific Use Cases. 
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4 Modeling Grid Benefits of Storage in Massachusetts 
 

4.1  Introduction 

This chapter presents optimized modeling results suggesting that the Massachusetts electricity 
system could cost effectively utilize a large amount of storage, an estimated 1,766 MW, by 2020.  At 
current costs, projected by year, the capital cost to deploy 1,766 MW of storage could be in the 
range of $968M - $1,355M, and the total value of storage over 10 years could be around $3.4 billion.  
In addition to economic savings, the model projects an almost 10% reduction in Massachusetts peak 
demand as well as enhanced integration of renewables with an estimated reduction in CO2 gas 
emissions of 1.06 MMTCO2e.  These results are based on an analysis of the electric grid system in 
Massachusetts and ISO-NE, 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 to build 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 sub-contracted consultant with a primary focus on advanced analytics in the 
power and energy sectors, completed the modeling effort for this study. For this storage analysis, 
the consultant used a model that incorporates multiple data sets including 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 any sized power grid, ranging from smaller local systems to larger full-scale systems 
with thousands of generation units and transmission nodes.  Using this combined, extensive data 
set, the model identified specific locations and quantities of storage through multiple 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 increasing thŜ ƎǊƛŘΩǎ ŦƭŜȄƛōƛƭƛǘȅΣ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ 
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 will need 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 double counted 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.  

4.2   Modeling Results 

The modeling results identify specific locations where energy storage of varying capacity and 
duration could cost effectively benefit the grid considering real time energy challenges. The general 
methodology for this analysis was a chronological capacity optimization model comparing energy 
storage technologies with other capacity technologies. The results were then fed into a production 
cost optimization model with the results then fed back into the capacity optimization model for 
further refinement. To begin the modeling process, Alevo Analytics identified the candidate 
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locations for energy storage deployment in Massachusetts using industry-accepted models, 
practices, and simulations.  The optimizer site identification process narrowed down from 1400 to 
250 different load points in the Massachusetts electricity system. 

After refinement through both the production cost optimization model and the capacity 
optimization model, 78 sites were selected for energy storage deployment. The model determined 
the optimal storage size (in MW/MWh) at these locations at current projected cost. These sites 
account for, in aggregate, 1,766 MW/2,125 MWh of energy storage that is most beneficial to the 
rate payers.  The optimizer indicates that the most benefits 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 
(2016-2020). 

This five-year deployment recommendation has the benefit of using future lower projected energy 
storage costs of technology and thus greater benefit-cost ratios.  Even with the build constraint, the 
modeled deployment is likely in excess of what could be reasonably deployed even with an 
aggressive ramp-up in installations. At current costs, projected by year, the capital cost to deploy 
1,766 MW of storage could be in the range of $968M - $1,355M, and the total value of storage over 
10 years could be around $3.4 billion. 

4.3   Value and Benefits Summary 

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 storage, generally the revenue from the technology has to outweigh the capital 

investment cost.  

In addition to traditional direct merchant benefits, storage can also increase the efficiency of the 

electric system, reducing costs for all participants whether storage 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 system efficiency 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 revenue but ratepayers 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 competition 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. As long as 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 also 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 is in the interest 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 results both the direct sales benefits and the system-wide benefits are presented, 

stacked together, and compared to cost. This represents the idea that if the total combined benefit 

ŦǊƻƳ ǘƘŜ ǎǘƻǊŀƎŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ ŎƻǎǘΣ ƛǘ ƛǎ ƛƴ ǘƘŜ ǊŀǘŜǇŀȅŜǊǎΩ ƛƴǘŜǊŜǎǘ ŦƻǊ ǘƘŜ ǇǊƻƧŜŎǘ 

to be developed. 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 not be greater than cost and the project will not be 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 existing and potential mechanisms to close the revenue gap and capture system 

benefits can be found in 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 and cost effective to the rate payers. The total 10 year 

value of 1,766 MW of storage is estimated to be $3.4 billion for Massachusetts which includes $2.3 

billion in system benefits to rate payers and $1.1 billion in potential economic value of market sales. 

The deployment of 1,766 MW energy storage by 2020 will provide $250 million in additional regional 

system benefits to the other states in ISO-NE, yielding consistently lower annual average energy 

price across all ISO-NE zones. In addition to economic savings, the model projects an almost 10% 

reduction in Massachusetts peak demand as well as enhanced integration of renewables with an 

estimated reduction in CO2 gas emissions of 1.06 MMTCO2e. There are several other benefits to the 

quality of life and property from 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 will bring optimal benefits to ratepayers.  

These benefits result from the above energy storage deployment scenario over five years. The cost 

range is due to the potential for regional cost differences for storage and the variability in the 

projected decline in storage costs.  

4.4   Need for Modeling   

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 minute 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 system. Traditionally, deterministic planning methods based on snap-shot power flows 
and peak power flow conditions were sufficient for planning a transmission and distribution system 
for electricity, but these methods are no longer sufficient to plan a system with distributed 
resources. The traditional planning processes are evolving 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 resources is 
that, with distributed energy resources, renewables, and emerging technologies, enhancements to 
grid planning are taking shape to plan systems based on how they will actually be operated minute 
to minute and hour to hour, and not just with snapshot power flow analysis. This shift takes into 
account more chronologic characteristics in long term planning such as intermittency, ancillary 
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services, net peak load reduction, outages, and moving dynamic voltage and frequency controls to 
the distribution systems and demand centers. 

Figure 4-1 highlights the many potential Use Cases and value propositions of grid-scale energy 
storage and demonstrates how the deployment of energy storage can impact the entire electricity 
supply chain of generation, transmission, distribution, and demand.     

 

 

Figure 4-1: Potential Use Cases and Value Propositions of Grid-Scale Energy Storage 

Distributed Storage Resources can provide several benefits to the system where they are deployed, 
including: 

¶ Reduced costs to ratepayers 

¶ Increased reliability of demand centers 

¶ Accelerated renewables integration 

¶ Optimization of T&D assets 

¶ Optimization of Massachusetts import transmission asset (HQ, ME, NY and other New 
England states) 

¶ Minimization of transmission development in state, such as to the Cape. 

¶ Reduction of emissions 
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4.5  Alevo Analytics  

Alevo Analytics is a consultant that applies economic and reliability based analytics and 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 experts to (1) examine 
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, and (3) provide planning and 
operational analysis which then is used to predict where the potential shortfalls 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 Cases based on the relative cost of technologies and to 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 to large full-
scale systems with thousands of generation units and transmission nodes. 

4.6  Modeling Scope  

The model is built to investigate the use of storage in a variety of Use Cases including peak 
reduction, integrating renewables, outage mitigation, and improving grid efficiency. The model 
covers generation, transmission, distribution, and end-user applications.  

The modeling and optimization scope for Alevo Analytics includes:  

¶ Determining the distribution of energy storage locations across the state of 
Massachusetts that will achieve maximum benefits to ratepayers.  

o This required Alevo Analytics to quantify the storage by transmission, 
distribution and/or behind the meter applications.  

¶ Determining the optimal storage in KW and KWh that will add maximum benefit to 
ratepayers with energy storage technologies at different costs.  

o This required Alevo Analytics to qualify and quantify energy storage in KW and 
KWh that can achieve the benefits at different costs of technologies.  

¶ Quantifying the reduction in GHG emissions that can be achieved with the optimum 
level of energy storage deployments across the state. 

¶ Finally, quantifying and estimating the cost savings and benefits to Massachusetts.  
  

4.6.1 Modeling and Optimization Description 

As shown in Figure 4-2, the Alevo Analytics model determines where the storage resources will 
provide value throughout the state, allowing for storage installations of varying size and 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 where the cost of the storage is less than the benefits to 
the system and there is a reduction in wholesale costs. 
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Figure 4-2: Advanced Storage Optimization Model/Process 

 

The data utilized for the model is a simulation of the ISO-NE markets that co-optimize energy and 
ancillary services subject to transmission thermal constraints with detailed Massachusetts specific 
generation, transmission and distribution data. The simulated model includes an import and export 
flow model to represent the interfaces with NYISO, IESO, Hydro Quebec and New Brunswick Power.  
The existing generation resource mix (including all installed pumped storage in ISO-NE) is used in the 
simulation.  The model also accounts for the generation retirements and additions during the study 
period. The inputs to the simulation were reviewed and carefully refined to ensure they accurately 
depict the resource mix.  The model was benchmarked for 2015.   
 
The Alevo Analytics storage capacity optimization was then executed to answer the questions of 
where, how much, and when storage should be deployed for each location.  The next step involved 
further testing of the data with hourly and sub-hourly production cost simulations of the day-ahead 
and real-time markets in order to evaluate different Use Cases. 

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 following different 
technologies with characteristics as defined in the table were included in this analysis.  The 
technologies that were considered in this study including Lead Acid battery, Compressed Air Energy 
Storage (CAES), Sodium Sulfur battery (NaS), Lithium lon battery (Li-Ion),  Sodium lon battery (Na 
Ion), 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 technologies was organized into four categories 

as seen in Table 4-1. 
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Storage 

Technology 

Category 

Duration at 

Full Power 
Examples 

Long Duration 4+ Hours CAES, Flow Battery, NaS Battery 

Medium-Long 

Duration 
2 Hours 

Lithium Ion, Flow Battery, NaS Battery, 

NaNiCL2 Battery, Advanced Lead Acid 

Medium-Short 

Duration 
1 Hour Lead Acid, Lithium Ion, NiCd, NiMH 

Short Duration 30 Minutes 
Lithium Ion Flywheel, High Power 

Supercapacitors, Thermal Storage 

Table 4-1: Categories of Storage Technologies  

!ǎ ǘƘŜ ƳƻŘŜƭ ƛǎ ŜȄŜŎǳǘŜŘΣ ƛǘ άŎƘƻƻǎŜǎέ ǎǇŜŎƛŦƛŎ ǘŜŎƘƴƻƭƻƎȅ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƘŀǘ ŀǊŜ ǾŜƴŘƻǊ ŀƎƴƻǎǘƛŎ 

and would be beneficial and cost effective based on the specific assumptions. The technology 

assumptions that define how the model assigns both cost and benefit values are presented in 

greater detail in Appendix A. 

4.6.3 Location Selection 

The current model of the Massachusetts power systems has 1,497 nodes in the zones of NEMA-
BOST, SE-MASS, and WC-MASS. Those nodes include the generator substations, transformer 
substations, transmission line from and to substations and load substations. The number of load 
substations in the model is 507. In order to integrate more distributed solar generation and optimize 
the overall operation and cost for the Massachusetts system, 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 energy 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: 

¶ 83 Substations in NEMA-BOST  

¶ 80 Substations in SEMASS  

¶ 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 an equivalent of 50% of 
the peak demand at the candidate substation. 
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The geographical distribution of 250 substations is illustrated in Figure 4-3. The candidate 
substations are close to load points including, but not limited to, the following sites: 

 

¶ Boston 

¶ Lawrence 

¶ Brockton 

¶ Framingham 

¶ Cape Cod 

¶ Worcester 

¶ Springfield 

¶ Pittsfield 
 

 

Figure 4-3: Geographical Distribution of Candidate Substations in MA
122

 

4.6.4 Capacity Optimization 

{ǘŜǇ мΥ ¢ƘŜ ŎŀƴŘƛŘŀǘŜ ƭƛǎǘ ƻŦ нрл ǇƻǘŜƴǘƛŀƭ ǎǳōǎǘŀǘƛƻƴ ƭƻŎŀǘƛƻƴǎ ǿŀǎ ŦŜŘ ƛƴǘƻ ǘƘŜ ƳƻŘŜƭΩǎ ŎŀǇŀŎƛǘȅ 
optimization process to determine the most economic candidates for storage deployment. 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 power deployment was optimized in units of MW.  

Step 2: The optimization tool calculates the necessary size of the energy storage deployment to 
minimize the cost to ratepayers, and quantifies the net benefit of deployment to the system without 
considering the cost of storage deployment. 

Step 3: The tool then quantifies the storage by transmission, distribution and/or behind the meter 
applications. To do this, the capacity optimization algorithm considers the following parameters: 

¶ Minimization of wholesale market costs 

¶ Minimization of Massachusetts emissions 
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 The base map used for this figure is taken from the OLIVER: Mass GIS Online Mapping Tool and the red candidate 
substations 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 

4.6.5 Production Cost Optimization with Energy Storage 

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 terms of transmission line flows, 
ƎŜƴŜǊŀǘƻǊǎΩ ǇƘȅǎƛŎŀƭ ƭƛƳƛǘŀǘƛƻƴǎΣ ǇƻǿŜǊ ōŀƭŀƴŎŜΣ ŀƴŘ ŎƘǊƻƴƻƭƻƎƛŎŀƭ ǊŀƳǇƛƴƎ ŎƻƴǎǘǊŀƛƴǘǎ ƻŦ ǘƘŜ 
generation fleet.  

The production cost optimization with unit commitment and economic dispatch algorithms was run 
at hourly intervals, representing the day-ahead market, and sub-hourly 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 distribution stations. The 
production cost studies enforce the transmission thermal constraints as well as many other system 
constraints.  

Hourly and sub-hourly production cost simulations were further executed for model uncertainty 
such as demand risk, intermittency, and outage risk of resources and transmission. Stochastic 
distributions were then prepared demonstrating the Use Cases for the systemic deployment of 
energy storage and how distributed energy storage provides flexibility to respond to uncertainty of 
system operations. 

4.7   Optimization Results 

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 optimization resulted in broad groupings of the size of the storage into different 
components of the electricity supply chain in Massachusetts and yielded a 1,766 MW/2125 MWh 
deployment of energy over the study horizon to give the most benefit to the system. 

The optimization results demonstrate a grid need 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 system (Figure 4-4).  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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Figure 4-4: 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 deployment as part of 
the optimized storage program results.  

4.8.1 Massachusetts Benefit Analysis 

The modeling results show that by adding 1,766 MW of energy storage by 2020, there will be a total 
10-year storage value of $3.4 billion, where $2.3 billion comes from system benefits, i.e. cost savings 
to ratepayers, and the other $1.1 billion comes from potential market revenue. 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 market prices 
across all ISO-NE zones. The categories of system benefits that storage can provide to the system are 
summarized in Table 4-2 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 storage replaces the higher 
cost peak generation with lower cost energy stored at off-peak times; (2) $1093 million as a result of  
energy storage providing peaking capacity to defer the capital costs of peaker plants and reduce the 
cost in the capacity market; (3) $200 million in ancillary services cost reduction as a result of energy 
storage reducing the overall costs of ancillary services required by the grid system through provision 
of frequency regulation, spinning reserve, and voltage stabilization; (4) $197 million in wholesale 
market cost reduction due to utilizing 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 reduction as an outcome of energy storage reducing the losses 
and maintenance of system, providing reactive power support, enabling deferred T&D investment,  
and increasing resilience; and finally (6) $219 million from incremental benefits associated with 
distributed renewable integration due to energy storage reducing the cost of reverse power flow 
and avoiding feeder upgrades in areas where there are distributed renewable resources. 
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Benefit Description 
Ratepayer 

Savings 

Energy Cost Reduction  
Energy storage uses lower cost energy stored at off-peak to replace the use 
of higher cost peak generation:  
¶ reduced peak prices  
¶ reduced overall average energy price 

 

$275M 

Reduced Peak Capacity 
Energy storage can provide peaking capacity to: 
¶ defer the capital costs peaker plants  
¶ reduce cost in the capacity market  

 

$1093M 

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

¶ frequency regulation 
¶ spinning reserve 
¶ voltage stabilization 

 

 

$200M 

Wholesale Market Cost Reduction  
Energy storage provides system flexibility, reducing the need to ramp 
generators up and down and resulting in:  

¶ less wear and tear 
¶ reduced start up and shut down costs 
¶ reduced GHG emissions (lower compliance cost) 

 

 

$197M 

T&D Cost Reduction  
Energy storage:  
¶ reduces the losses and maintenance of system 

¶ provides reactive power support 
¶ increases resilience 

¶ defers investment  

 

 

$305M 

Integrating Distributed Renewable Generation Cost Reduction 
Energy storage reduces cost in integrating distributed renewable energy by:  
¶ addressing reverse power flow at substations 

¶ avoiding feeder upgrades at substations 

 

$219M 

 

Total System Benefits 

 

$2,288M 

Table 4-2: Description of Storage System Benefits
123

 

4.8.2 Revenues to Storage 

In addition to the benefits to the system from deploying storage, energy storage projects can earn 
revenues by participating in the wholesale electricity market for energy, reserves, and Regulation. 
However, this may require that ISO-NE implements rule changes that enable energy storage projects 

                                                           
123

Renewable Integration Cost Reduction is associated with incremental benefits associated with distribution renewable 
integration. Larger benefits associated with renewable integration are already accounted for in the other benefit 
categories. 
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to participate in capacity and other markets, as further discussed in Chapter 8. Including all value 
streams, the 10-year total revenue for energy storage projects could be around $1.1 billion. 

4.8.3 System Cost-Benefit Analysis 

Based on the proposed energy storage deployment scenario, the capital cost 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 million. However, due to the potential for regional cost differences for storage and 
uncertainty in the projected decline in storage costs, it is estimated that there can be around 40% 
higher costs thus leading to a storage cost range of $968 million to $1,355 million. This amount of 
storage will add $2.3 billion of quantified system benefits to ratepayers over 10 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 Chapter 5.  Considering ratepayer 
benefit alone, this analysis leads to a benefit-cost ratio of 2.4 as shown in Figure 4-5. However, the 
benefit calculations may yield higher results than the ones displayed here due to the uncertainty in 
the input parameters such as fuel prices, renewable source availability, and demand growth. 

 

4.9   Description of the Benefits 

The following sections describe the $2.3 B of system benefits that have been identified in the Alevo 

Analytics study.    

Figure 4-5: Storage Value Proposition 
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4.9.1 Energy Cost Reduction 

Benefit Description Ratepayer Savings 

Energy Cost Reduction  
Energy storage uses lower cost energy stored at off-peak to replace the 
use of higher cost peak generation:  

¶ reduced peak prices  

¶ reduced overall average energy price 

 

$275M 

 

4.9.1.1 Price of Electricity Reduction 

By adding energy storage, the system is expected to see an energy cost reduction of $275 million. 

Deployment of energy storage units has an impact on the price of electricity in the wholesale 

market.  The efficiencies gained by storing electricity in off peak periods result in lower wholesale 

locational marginal price (LMP) for energy.  Likewise, utilization of energy storage units within 

transmission system reduces the congestion of the system as well as transmission losses which also 

contribute to a lower LMP.  

 

Figure 4-6: Storage Reduces Zonal Energy Price 

Figure 4-6  shows the energy price reduction after the deployment of energy storage for the same 

zones for each year between 2017 and 2020. Including energy storage yields a consistently lower 

annual average energy price than without energy storage across all ISO-NE zones and years.  The 

most prominent price reduction is in 2020. Paired t-tests124 show that this amount of price reduction 

is statistically significant across all ISO-NE zones for 2020.  Table 4.3 shows the mean and maximum 

of the hourly zonal price reduction in 2020. 

 

                                                           
124

 A paired t-ǘŜǎǘ ƛǎ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ǘƻ ŎƻƳǇŀǊŜ ŀ ǎŀƳǇƭŜ ƎǊƻǳǇΩǎ ǎŎƻǊŜǎ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ŀƴ ƛƴǘŜǊǾŜƴǘƛƻƴΦ 
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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 23.51 103.49 34.95 31.67 26.04 

Table 4-3: Mean and Max of the Hourly Zonal Price Reduction in 2020 

4.9.1.2 Storage Benefit for Winter Fuel Program 

As illustrated in Figure 4-7, the top brown line represents the original system demand without any 

energy storage. The use of energy storage reduces the system demand at peak, as shown by the 

flattened dotted blue line. This reduces the strain on natural gas resources during peak times. During 

times of natural gas constraints many generators must switch to oil and coal fuel sources which can 

increase energy costs and emissions. A reduction in peak demand means duel fuel generators see 

less switching to oil and coal, contributing to ratepayer savings and emission reductions.  

For example, on a winter day energy storage can be charged at night when the natural gas 

consumption is relatively low and be discharged during the day time when millions of homes have 

their heaters on and the natural gas consumption is high. When storage results in an 800 MW peak 

reduction for 4 hours, there is a 0.02 Bcf of natural gas per day reduction. The regular Henry Hub 

natural gas price is around $3/MMBtu. However, during the winter peak time the natural gas price in 

ISO-NE can reach $35/MMBtu or even higher for the peak days. The white dotted line in Figure 4-7 

shows the reduction in oil and natural gas consumption during peak times of the day from the 

addition of energy storage. 

 

Figure 4-7: Impact of Storage on Winter Fuel Program 
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4.9.2 Reduced Peak Capacity 

Benefit Description Ratepayer Savings 

Reduced Peak Capacity 
Energy storage can provide peaking capacity to: 

¶ defer the capital costs peaker plants  

¶ reduce cost in the capacity market  

 

$1093M 

 

Adding energy storage to the system provides an estimated $1093 million in avoided peaking plant 
cost savings. 

Figure 4-8 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 energy storage (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 on peak days, to fully utilize storage capability for peak 

reduction.   

 

 

Figure 4-8: MA New Demand Curve after Deployment of Energy Storage  

Through such peak demand reduction, energy storage can reduce or eliminate the needs for new 
peaking resources and thus save the capital costs needed for new peaking plants.  Simulation results 
show a potential of 908 MW of peak demand reduction (for year 2020 as shown in Table 4-4).  
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Year 
Peak Demand for 
Base Case (MW) 

Peak Demand for Energy 
Storage Case (MW) 

Delta in Peak 
Demand (MW) 

% Reduction in 
Peak Demand 

2019 8,828 8,119 709 8.04% 

2020 9,293 8,385 908 9.77% 
Table 4-4: Change in Peak Demand with the Addition of Energy Storage 

The estimated capital cost for a new natural gas combustion turbine peaking plant based on 
ŀǎǎǳƳǇǘƛƻƴǎ ŀŘƻǇǘŜŘ ŦǊƻƳ 9L!Ωǎ Annual Energy Outlook (AEO 2015) report is $973/kW. From capital 
cost point of view, including all developersΩ costs 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 Ratepayer Savings 

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

¶ frequency regulation 

¶ spinning reserve 

¶ 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 ISO-NE forward reserve market provides include: 10 minute spinning reserves, 10 minute non-
spinning reserve, and ten minute operational reserve.  The ISO-NE Frequency Regulation market 
encompasses both an upward and downward Regulation service. Currently ISO-NE uses mostly 
natural gas generators and some pumped hydro storage to provide both reserve and Regulation 
services.  

Through the use of new advanced energy storage, ancillary services can be provided at 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 systems. Due to 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 respond within ten minutes when dispatched. Energy storage systems, 
in contrast, have a fast-response 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, ISO-NE market rules would need to be updated to be 
able to dispatch energy storage with other dispatchable generation 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 future use.  Figure 4-9 and Figure 4-10 show the 1,766 MW of energy 
storage operations in 2020, including charge and discharge status and ancillary services provisions in 
a regular day in summer and in winter.  
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Figure 4-9: Summerςstack Services Provided by Energy Storage Operations 

 

 

Figure 4-10: Winterςstack 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 simultaneous charging and forward reserve 
service provision as shown in Figure 4-10. Note that these combined value streams are captured 
separately in the multiple benefit categories and are not double-counted. 

 
















































































































































































































































