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Agenda for this presentation:
• Introduction to CESA and ESTAP
• Introduction to resilient power
• Economics of solar+storage
• Policy landscape



Energy Storage Technology Advancement Partnership (ESTAP)

ESTAP Key Activities:
1. Disseminate information to stakeholders

• ESTAP listserv >3,000 members
• Webinars, conferences, informationupdates, surveys.

2. Facilitate public/private partnerships to support joint federal/state energy storage demonstration project deployment
3. Support state energy storage efforts with technical, policy and program assistance

Massachusetts: $40 Million Resilient Power Solicitation: 11 projects$10 Million energy storage demo  programEnergy Storage Study

Cordova hydro/battery project

New Jersey: $9 million energy storage solicitation & rebate: 13 projects

Pennsylvania Battery Demonstration Project

Connecticut: $50 Million, 3-year Microgrids Initiative: 11 projects

Maryland Game Changer Awards: Solar/EV/Battery& Resiliency Through Microgrids Task Force ESTAP Project Locations

Oregon: 500 kW Energy Storage Demonstration Project

New Mexico: Energy Storage Task Force, Los Alamos demonstration project

New York $40 Million MicrogridsInitiative

Vermont: 4 MW energy storage microgrid, airport microgrid, 14-unit LMI residential batteries

Hawaii: 6MW storage on Molokai Island, HECO and NELHA projects

• A project of Clean Energy States Alliance (CESA)• Conducted under contract with Sandia National Laboratories, with funding from US DOE-OE



Resilient Power Project
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www.cleanegroup.org

www.resilient-power.org

• Increase public/private investment in clean, resilient power systems 
• Engage city officials to develop resilient power policies/programs
• Protect low-income and vulnerable communities
• Focus on affordable housing and critical public facilities
• Advocate for state and federal supportive policies and programs
• Technical assistance for pre-development costs to help agencies/project developers get deals done
• See www.resilient-power.org for reports, newsletters, webinar recordings 
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California 
• ES capacity mandate – 1.3 GW by 2020
• SGIP incentive
• AB-693 $1B multifamily affordable housing solar roofs program

PJM wholesale frequency regulation market
• Premium for fast response resources
• Lowered barriers to entry for distributed resources

Behind the meter benefits:
• Demand charge management
• Solar self-consumption (High electricity prices/net metering caps)
• Resiliency

The Landscape for Storage: a patchwork quilt of markets, regulations, utility programs and state incentives
Northeastern Resilient Power Programs 
MA, NJ, NY, CT

Hawaii
Net metering cap, high electricity rates

Oregon
ES capacity mandate

Massachusetts
Storage investmentsPolicy initiativesProcurement mandate?

ISO-NE
Capacity and Transmission cost savings







In addition to these resilient power initiatives, a few states have begun a process of revisioning the electric grid:
• New York REV
• Massachusetts grid modernization

Modernizing the Grids



Modernizing the Grids
Grid modernization initiatives are focusing on:
• More distributed clean generation
• Greater role for distribution utilities
• Smartgrid and microgrid development
• Peak shifting and reduction of grid overcapacity
• Reduced outages, greater resiliency
• Optimized demand
• Improved asset management

Opportunities for 
energy storage



Hurricane Sandy October 29, 2012$37 Billion in damages





Aging US Power Grid Blacks Out More Than Any Other Developed Nation
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Source: Blackout Tracker – 2013 US Report (Eaton)

Source: Union of Concerned Scientists; Steve Clemmer, 2014



Northeastern States
Resilient Power Initiatives

Following Superstorm Sandy, the Northeastern states came 
to CESA seeking help in developing resilient power solutions.

CEG/CESA role:
• Assist states in policy and RFP development
• Provide information to project developers
• Technical assistance to support qualifying projects
• Monitor and evaluate project performance 
• Economic analysis
• Publications and webinars



Early results
• Connecticut: $50 Million Microgrid Grand and Loan Pilot 

Program
• New Jersey: $9 Million Energy Storage Program and 

$200 Million Energy Resilience Bank 
• Massachusetts: $40 Million Community Clean Energy 

Resiliency Initiative, $10 Million Energy Storage Initiative, 
Energy Storage Study, Possible Procurement Mandate

• New York: $40 Million NY Prize microgrids competition
• Maryland: Microgrids study
• Vermont: Microgrid demonstration project

$350 Million in new state funds in the Northeast alone



Solar+Storage: The Resilient Power Solution
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Solar+Storage: The Resilient Power Solution
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Solar+Storage: The Resilient Power Solution
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Islanding switch

Islanded resilientpower system 



Energy Storage Business Cases
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Behind the meter
• Demand charge management
• Utility tariff switching
• Reduced energy purchases
• Demand response
• Frequency regulation
• TOU arbitrage

Transmission/Distribution
• T&D investment deferral
• Ancillary services provision
• Utility capacity and transmission cost reductions
• Renewables integration
• Ramping
• Arbitrage
• Frequency regulation

The business case for storage depends on multiple value streams that are locationally determined
“Locationally” means where on the map and where on the grid

What’s Missing???
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Behind the Meter: Storage for resiliency and energy cost savings
• Energy savings
• Demand charge management
• Tariff switching



New England Utility Business Case:Sterling Municipal Light Department, Sterling, MA
The SMLD project, supported by DOER CCERI and DOE-OE grants, will provide resilient power to the town’s police department and emergency dispatch system for 12 days using a 2 MW, 3 MWH system of lithium ion batteries paired with solar PV. In addition, the battery system should pay for itself through three primary value streams.
Sandia Analysis (preliminary results):
Total potential revenue analysis for 1MW, 1MWh system

For a capital cost of ~1.7M, the simple payback is 6.67 years
21

Description Total Percent
Arbitrage $40,738 16.0%
RNS payment* (transmission) $98,707 38.7%
FCM obligation* (capacity) $115,572 45.3%
Total $255,017 100%

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

Project is in development: groundbreaking October 12

Non-monetized value: 12 days of islanded backup power for police station / dispatch center
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ESTAP Demonstration Projects
Demo purposes:
• Novel technologies
• Novel applications
• Novel economic cases
Three recent projects:
• VT: Rutland Microgrid
• OR: Eugene Microgrid
• MA: Sterling Microgrid



Vermont: GMP Stafford Hill Microgrid

• Funding: $40K VT DPS, $250K DOE-OE
• Total cost: $12 M
• Project partners: Green Mountain Power, Dynapower, VT DPS, DOE, Sandia, CESA
• Payback < 7 years via utility capacity and transmission cost reductions
• Follow-on projects: 

• 14 LMI high-efficiency modular homes equipped with resilient power solar+storage (rural mobile home replacement project)
• Burlington Electric Department solar+storage microgrid at Burlington Airport

• Joint federal/state, public/private demonstration
• 4 MW batteries (lithium ion and lead acid) + 2 MW PV microgrid
• Sited on closed landfill (brownfield redevelopment)
• Provides resilient power for school (public shelter)



Oregon: EWEB Grid Edge Demonstration 
• Joint federal/state, public/private demonstration project
• 500 kW / 900 kWh batteries (lithium 

ion) with 125 kW PV microgrid over 
three critical sites

• Partners: Eugene Water & Electric Board, ODOE, DOE, Sandia, CESA
• Funding: ODOE $45K, DOE-OE $250K
• Provides resilient power to utility operations center, communications facility and water pumping station
Demonstration goals:
• transmission and distributionupgrade deferral
• peak demand management
• service reliability/resiliency
• power quality
• voltage support
• grid regulation
• renewable energy firming
• ramp control
• energy shifting.

EWEB project has been awarded federal/state funding and is now contracting with vendors



Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin 
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2011-XXXXP

Massachusetts CCERI projects

With the national laboratories, CESA is providing technical assistance to 11 municipal CCERI awardees
• Sandia: Sterling, Holyoke, Cape & Vineyard
• PNNL: Northampton
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Take-Aways
• Energy storage is installed and operational in many states

• Utility scale
• Behind the meter

• Energy storage is providing many valuable services
• Demand charge management
• Demand response
• Frequency regulation
• Renewables integration
• Resilience
• T&D investment displacement/deferral
• Arbitrage
• Capacity and transmission cost savings
• Ramping

• Some services provided by energy storage may not be properly valued; some cannot yet be monetized; Storage must be able to make money for providing services
• Energy storage can compete today in open markets under pay-for-performance conditions
• It is possible to provide resilience to critical facilities AND generate revenues/cost savings, so that storage systems will pay for themselves

Stacking benefits still needed in many cases to make storage economic, but can be challenging; May require regulatory reforms in some cases
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• As prices continue to fall, energy storage will find new markets and applications
• State policymakers and regulators play a significant role in laying the groundwork for energy storage to compete

• Demonstrations projects, incentives, mandates
• Regulatory and policy changes that open markets
• Pay for performance, valuation of services

• Demonstration projects are still important, not only for demonstrating new technologies and applications, but also business cases and economic performance of energy storage
• State incentive programs exist to stimulate market development, and should render themselves unnecessary over time

Take-Aways (cont.)



Todd Olinsky-Paul
Project Director

CEG/CESA
Todd@cleanegroup.org

ESTAP Website: http://bit.ly/CESA-ESTAP
ESTAP Listserv: http://bit.ly/EnergyStorageList

Thank You to:
Imre Gyuk, US DOE-OEDan Borneo, Sandia National Laboratories





Markets and Opportunities
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How can states support energy storage?
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States have a number of policy tools at their disposal to support energy storage deployment. These include: 
• Competitive solicitations/RFPs 
• Renewable Portfolio Standards and Stand-Alone Mandates 
• Adders, multipliers and carve-outs 
• Prescriptive rebates 
• Integrating energy storage into longer-term state policy (energy reports, roadmaps, emergency planning)
• Green banks and energy resilience banks 
• Tax credits/depreciation
• PACE loans
• Industry development (training/education, business incubators etc)
Note that these tools are available to various state agencies that often do not work together
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Existing state incentives, policies and programs
• California: 

• 1.3 GW energy storage utility mandate
• SGIP incentive program includes energy storage

• Connecticut: 
• Microgrids grant and loan program
• Clean Energy RFP (includes energy storage > 1MW anywhere in New England)

• Hawaii
• HECO energy storage RFP
• Proposed energy storage incentives

• Massachusetts: 
• Community Clean Energy Resilience Initiative – Ma DOER
• Energy Storage Initiative (Energy storage study and demonstration projects) – MA DOER, MassCEC
• Energy storage utility mandate (TBD) – MA DOER
• Grid modernization initiative
• Microgrids initiative - MassCEC
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• New Jersey: 
• Distributed energy storage + renewables resiliency grants and rebates
• Energy Resilience Bank

• New York: 
• NY Prize microgrids program (now in project design phase)
• REV grid modernization (allows utilities to own storage in certain circumstances)
• NYSERDA-ConEd load reduction program (nuclear retirement - includes storage incentives)

• Oregon: 
• 5 mWh energy storage utility mandate

• Puerto Rico
• Energy storage mandate for renewable energy developers

• Washington: 
• Clean Energy Fund grid modernization grants

Existing state incentives, policies and programs
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States that include energy storage in a mandatory RPS

NOTE: CA and OR have stand-alone storage utility mandates, and MA has adopted legislation allowing a stand-alone storage utility mandate to be created
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http://www.cleanegroup.org/



Municipal Utility Analysis - Massachusetts
• Analysis conducted by Sandia National Laboratories
• Based on 1 MW/1MWh lithium ion battery installed on distribution grid, with 3 MW solar PV
• System to be owned and operated by Sterling Municipal Light Department, a municipal utility
• Potential value streams:

1. Energy arbitrage revenues (buy low, sell high)
2. Reduction in transmission obligation to ISO-NE (cost savings based on monthly peak hour)
3. Reduction in capacity obligation to ISO-NE (cost savngs based on annual peak hour)
4. Resilient power provision to critical emergency facilities (non-monetizable benefit)
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Arbitrage basis
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1. Energy Arbitrage
• Analyzed 33 months of data (January 2013-September 2015)
• Optimization using perfect foresight 
• Cycling limitations were not included

PRELIMINARY RESULTS



2. Reduction in Transmission Obligation (Regional Network Service (RNS) payments) to ISO-NE
• Monthly payment based on maximum load
• Payment for using transmission facilities to move electricity into or within New England
• Current pool rate, effective June 1, 2015: $98.70147/kW-yr
• Need to “hit the hour” to reduce load, or else no benefit
• Having a multi-hour battery (more capacity) provides no increase in benefit, but increases the odds of “hitting the hour”
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PRELIMINARY RESULTS



Impact of Energy Storage Capacity on Transmission Savings
Increased energy storage capacity increases the likelihood of hitting monthly peaks
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• Each load serving entity is responsible for a fraction of the Forward Capacity Market obligations
• Based on one annual peak hour
• Rates due to triple in three years
• Increasing capacity does not increase revenue, just increases the odds of “hitting the hour”
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3. Reduction in Capacity Obligation to ISO-NE

PRELIMINARY RESULTS



Impact of Storage Capacity on Capacity Savings
Increased energy storage capacity of limited benefit, due to distribution of annual peaks
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4. Resilience (critical facility backup)
• Municipality has identified 10kW as the critical load at community critical emergency facilities
• Resilience is not monetizable through markets, but is valued highly by the community and the state (CCERI grants)
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Summary of Monetizable Benefits

Total potential revenue, 1MW, 1MWh system:

For a capital cost of ~1.7M, the simple payback is 6.67 years
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Description Total Percent

Arbitrage $40,738 16.0%

RNS payment $98,707 38.7%

FCM obligation* $115,572 45.3%

Total $255,017 100%

*2017-2018 data. Rates will be higher in 2018-2019, resulting in additional savings.

(capacity)
(transmission)

PRELIMINARY RESULTS
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Frequency Regulation in PJM
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32 MW AES energy storage facility at 98 MW Laurel Mountain Wind Farm, West Virginia-Source: PJM

Invenergy’s Beech Ridge 32 MW energy storage project paired with 100 MW wind energy inWest Virginia 
Source: PJM
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Behind the meter
• Demand charge management
• Utility tariff switching
• Reduced energy purchases
• Demand response
• Frequency regulation
• TOU arbitrage

Transmission/Distribution
• T&D investment deferral
• Ancillary services provision
• Utility capacity and transmission cost reductions
• Renewables integration
• Ramping
• Arbitrage
• Frequency regulation

The business case for storage depends on multiple value streams that are locationally determined
“Locationally” means where on the map and where on the grid


