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Housekeeping

 All participants will be in listen-only mode throughout the broadcast.

 It is recommended that you connect to the audio portion of the webinar 
using VOIP and your computer’s speakers or USB-type headset. You can 
also connect by telephone. If by phone, please expand the Audio section of 
the webinar console to select “Telephone” to find the PIN number shown 
and enter it onto your telephone keypad.

 You can enter questions for today’s event by typing them into the 
“Question Box” on the webinar console. We will pose your questions, as 
time allows, following the presentation.

 This webinar is being recorded and will be made available after the event 
on the CESA website at 

www.cleanenergystates.org/events/
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ESTAP is a project of CESA

Clean Energy States Alliance (CESA) is a non-profit organization 
providing a forum for states to work together to implement 
effective clean energy policies & programs:

– Information Exchange 

– Partnership Development

– Joint Projects  (National RPS Collaborative, Interstate Turbine Advisory 
Council)

– Clean Energy Program Design & Evaluations

– Analysis and Reports

CESA is supported by a coalition of states and  public utilities 
representing the leading U.S. public clean energy programs. 



ESTAP* Overview

Purpose: Create new DOE-state 
energy storage partnerships and 
advance energy storage, with 
technical assistance from Sandia 
National Laboratories

Focus: Distributed electrical energy 
storage technologies

Outcome: Near-term and ongoing 
project deployments across the 
U.S. with co-funding from states, 
project partners, and DOE

* (Energy Storage Technology Advancement Partnership)

States Vendors Other 

partners



ESTAP Key Activities

1. Disseminate information to stakeholders

• ESTAP listserv >500 members

• Webinars, conferences, information updates, surveys

2. Facilitate public/private partnerships at state level to 

support energy storage demonstration project 

development

• Match bench-tested energy storage technologies with state hosts for 

demonstration project deployment

• DOE/Sandia provide $ for generic engineering, monitoring and 

assessment

• Cost share $ from states, utilities, foundations, other stakeholders



ESTAP Webinars
http://bit.ly/12KJTUQ

• Introduction to the Energy Storage Guidebook for State Utility Regulators

• Briefing on Sandia's Maui Energy Storage Study

• The Business Case for Fuel Cells 2012

• State Electricity Storage Policies

• Highlights of the DOE/EPRI 2013 Electricity Storage Handbook in Collaboration 

with NRECA – June 18

Technology Webinars:

• Smart Grid, Grid Integration, Storage and Renewable Energy

• East Penn and Ecoult Battery Installation Case Study

• Energy Storage Solutions for Microgrids

• Applications for Redox Flow Batteries

• Introduction to Fuel Cell Applications for Microgrids and Critical Facilities

• UCSD microgrid

Policy Webinars:

http://bit.ly/12KJTUQ


Massachusetts: 
InnovateMass

Program
&

Municipal 
Lighting District 

Project

Vermont: 
Green 

Mountain 
Power Project

Alaska: Kodiak 
Island 

Wind/Hydro/
Battery Project 

& Follow-on 
Projects

Northeastern 
States: Post-
Sandy Critical 
Infrastructure 

Resiliency 
Projects

New Jersey: 
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Pennsylvania: 
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Manufacturing 
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Connecticut: 
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Maryland: Game 
Changer Awards 
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ProjectSome Current ESTAP Project Locations

Ohio: 
Potential 
Energy 

Resilience 
Project
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Contact Information

CESA Project Director:

Todd Olinsky-Paul 
(Todd@cleanegroup.org)

Sandia Project Director: 

Dan Borneo 
(drborne@sandia.gov)

http://www.cleanenergystates.org/projects/energy-storage-technology-

advancement-partnership/

mailto:drborne@sandia.gov
http://www.cleanenergystates.org/projects/energy-storage-technology-advancement-partnership/
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Every $1 on protection measurements

Can prevent $4 in repairs after a storm!

Energy Storage for 

Emergency Preparedness

Trends indicate the situation

will get worse not better!!



Some 50% of Diesel Generators failed to start during the 

Sandy Emergency

Storage allows Microgrids  to provide essential Services 

over an extended Time Period

During non-emergency Periods Storage can provide 

Demand Management for the User and compensated 

Services to the Grid

Apartment Buildings – Campuses – Schools – Shopping 

Centers – Community Centers – Nursing Homes –

Hospitals – Police Stations – Gas Stations – etc. etc



Connecticut DEEP
(Dept. of En. & Env. Protection)

a DOE/CESA/ESTAP Project

$15 M solicitation to develop microgrids for emergency preparedness 

throughout Connecticut and increase local resiliency and reliability 

in the event of natural disasters 

Sandia/DOE reviewed Preliminary micro grid 

Project Proposals,  suggesting  where storage 

could be added and providing input for

projects that already include storage

Sandia/ DOE  will monitor all energy storage 

Projects  for DEEP to insure that systems are 

viable and operate as the awardees 

proposed. We may provide help and funding 

to insure successful implementation of the ES.



Miramar lost power in September 

2011 Great Southwest Blackout

• Training missions cancelled

• Planes grounded

• 25% of diesel generators had 

trouble starting

Primus Power / Raytheon

Marine Corps Air Station

Miramar, CA

An ESTCP Project

250kW- 4hr EnergyPodTM (ZnBr) for  230kW PV 

with micro-grid capability. Completion 2014

Mission critical backup power

Islanding and Peak Shaving capability

Battery system developed under ARRA
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HRPSoC Utility Cycle ResultsHRPSoC Utility Cycle Results

Ultrabattery And VRLA Battery 1C1 Capacity

After HRPSoC Cycling.
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AGM VRLA (After Cycling at 1C Rate)

 UltraBattery VRLA (After Cycling at 1C, 2C, & 4C  Rate)

PbC Testing at Sandia

ARRA – Public Service NM:
500kW, 2.5MWh  for smoothing of 

500kW PV installation; Using 

EastPenn Lead-Carbon Technology

Commissioned Sep. 24, 2011 Integrator: EcoultLoad & PV Output in Tucson, AZ

Medium Size Projects: 1-5 MW

http://bettingthebusiness.files.wordpress.com/2011/11/reynolds-solar.jpg
http://bettingthebusiness.files.wordpress.com/2011/11/reynolds-solar.jpg


Preform feasibility study to utilize ES to 

reduce peak demand in a cost effective 

manner. Develop ES specifications. 

Monitoring and performance analysis 

Reading Massachusetts

Reading Municipal Light and 

Power Station

a DOE/CESA/ESTAP Project

DOE/Sandia helped defined scope of project. Introduced Aquion Energy

Aqueous Na-ion Battery. System 

Project will reduce peak demand by load shifting. To be funded by municipal 

bond and optional DOE funding.

Built 1894 – Nat. Register of Hist. Places



Energy Storage Test Pad (ESTP)

SNL Energy Storage System Analysis Laboratory

Reliable, independent, third party testing and verification of 

advanced energy technologies from cell to MW scale systems

System Testing

• Scalable from 5 KW to 1 MW, 480 VAC, 3

phase

• 1 MW/1 MVAR load bank for either parallel 

microgrid, or series UPS operations 

• Subcycle metering in feeder breakers for 

system identification and transient analysis

• Can test for both power and energy use

• Safety Analysis

Milspray Deka Battery under testing

Redflow at DETL



Energy Storage provides 

Resiliency to the Grid!

renewable integration – rooftop PV – military micro grids – VARs

emergency preparedness – island grids – EV charging – G2V –

dispatchable solar farms - frequency regulation - etc. etc.

We need it everywhere!



Solar-Storage Systems 
Residential resiliency - DRAFT NYSERDA Report 
Commercial cost-effectiveness – DRAFT CPUC Report

DNV KEMA
July 17th, 2013
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Motivations - Residential

� Recent natural disasters have exposed 
“gaps” in grid reliability

� Increased focus on utilization of 
distributed generation assets, notably PV, 
to address these gaps

� An area of particular interest is allowing 
distributed generation assets to “island” 
from the grid during an outage 

3
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DNV KEMA Cost Effectiveness Evaluation for CPUC

� Study Scope 
- Develop methodologies to evaluate storage’s cost-effectiveness 

- Goal is to reach consensus on tools used to evaluat e storage
- Perform example cost-effectiveness evaluations on a subset of the priority Use Cases 

identified in Phase 1 of the ES OIR

� Selected Use Cases Examined
- Transmission Connected Energy Storage

- Ancillary Services Storage, Frequency Regulation Only
- Comparative Portfolio of Storage Resource Additions (for evaluating system level impacts)

- Distribution Level Energy Storage
- Substation sited storage, for substation capacity upgrade deferral
- Distribution circuit sited storage, for photovoltaic (PV) related circuit upgrade avoidance and load growth 

related substation capacity deferral

- Demand Side (Customer Side) Energy Storage
- Customer Bill Reduction

4
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Critical Loads

� It is not practical to design backup systems to support all electrical loads in a typical 
residence

� Customers and installers need to agree on which loads and circuits require backup 
during an outage
- Capacity of the backup system is based on the power and energy requirements of the critical 

loads 
- Expected demand serves as baseline to specify inverter and battery-capacity requirements

� The analysis here draws from Northeast residential load shapes for:  heating, 
cooling, refrigeration, cooking, water heating, and misc. chargers and plug loads

� The data draws from the DNV KEMA load profile data base for New York:
- Electric Water Heater – DNV KEMA study for Northeast Energy Efficiency Partnership (NEEP)
- Central A/C – DNV KEMA source
- Electric Heating – DNV KEMA study for NEEP
- Non-electric Heating (pumps, fans) – DNV KEMA study for NEEP
- Lighting – DNV KEMA study for NEEP
- Refrigerator – Northwest Regional Technical Forum Data
- Cooking – Northwest Regional Technical Forum Data
- Misc Chargers, plug loads – DNV KEMA source

6
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Winter Peak Residential Critical Load

� Graph shows hourly critical kW demand / kWh energy for a peak Winter day 

� Electric heating and electric hot water heating not included

7
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Winter Excess Generation

� Typical NY State Winter PV profile matched to critical load profile

� Assumes 5 kW PV installation Excess PV to charge storage

8
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Winter Peak with Electric Heating

� Backup solar-storage system cannot support whole home electric heating load 
during an extended outage

Insufficient excess for charging

9
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Storage Requirements and Recommendations

Sizing Recommendations

� DNV KEMA recommends sizing storage and interconnection components at a 
minimum of 5kW for residential backup in New York

� DNV KEMA recommends a minimum of 10 kW-hrs for residential back-up in New 
York
- alternative to larger storage capacity is a reduction in critical load usage during the outage

- Infeasible to supply central A/C or electric heating 

Balance of Plant and Control Recommendations

� DNV KEMA recommends solar-storage backup systems provide a means to monitor 
storage state-of-charge during backup operation

� Advanced functionality such as automated and/or remote control of critical loads, 
through the system gateway or home EMS controller, can further improve 
survivability 

10
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Case Study: California

� Comparison of the “installed cost” of PV systems in California with and without 
energy storage over the last seven years. 

� PV installations w/ battery averages 0.4% of total PV installations in California

Res PV with batteries Res PV (no battery) systems

Year 

completed # of systems $/Watt # of systems $/Watt

2007 11 $ 11.61 3,420 $ 9.94 

2008 52 $ 13.14 7,613 $ 9.90 

2009 75 $ 12.30 12,628 $ 9.58 

2010 38 $ 12.07 16,058 $ 8.49 

2011 38 $ 10.26 21,411 $ 8.25 

2012 29 $ 7.74 28,301 $ 7.06 

2013 10 $ 7.88 4,729 $ 6.21 

12
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Case Study: California

� Cost of installed PV in CA, with and without a battery, has been declining over the last several 
years at an average rate of 7% per year 

� Incremental cost for adding storage to PV has been declining at average rate of 11% per year 

� Detailed data for each installation unavailable, but belief is these system include supplying 
critical load
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Breakdown of Costs

� Depending on the type and size of PV, inverter, and batteries, the cost components 
vary but, on average, they may be generalized as follows:
- Installation is about ½ the cost of an installed PV+ES system

- Adding battery could double the PV hardware cost but its impact on the total installed cost is about 25 -
30%, depending on its capacity and capabilities.

- Adding islanding capability to help PV system serve as a backup power could increase the installed cost 
by about 10%

14
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Existing Solutions

� Component Vendors
- SMA America http://www.sma-america.com
- Magnum Energy http://www.magnumenergy.com
- OutBack Power Technologies http://www.outbackpower.com
- Schneider Electric http://www.schneider-electric.com
- RedFlow Battery http://www.redflow.com

� Integrators (packaged solutions)
- Sunverge http://www.sunverge.com
- SolarCity http://www.solarcity.com

� Demo projects
- EcoCutie (Japan)

16
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Sunverge Energy

� Sunverge solar integration system (SIS) consists of a 6 kW Schneider hybrid 
inverter and 10.77 kWh Li-Ion storage (capacity available up to 15.1 kWh)
- unit is self-contained and sits behind the meter, NEMA 3 enclosure for indoor or outdoor 

installation

� Gateway used by the consumer to select loads that will operate in back-up mode

� Inclusion of storage allows for participation in utility demand response programs,  
even when not convenient for consumers 

SOURCE: Sunverge Energy 17
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Sunverge Energy

� Currently 38 installations on-line, with 184 planned by June, and 400 by end of 2013

SOURCE: Sunverge Energy

� Software 
application for 
remote monitoring 
of resources and 
storage state-of-
charge 

18
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SolarCity

� Developed a wall mounted residential storage product, selling 
residential product today 
- 5 kW, 10 kWh, primarily Li-Ion with some advanced lead acid 

installations

� Interconnection built around SMA Sunny Island platform 

� Primarily selling in CA because of SGIP funding for energy 
storage 

� SGIP rebate has made system installation cost-effective

� System operates in parallel with the grid but also provides battery back-up, 

� Where allowed by tariffs, the system can perform market participation

� Over 70 SGIP applications for storage installations in 2012

� Solar lease program has signed on 21,000 customers in 2012

� Have not focused on Eastern US markets on residential, 
because lack of incentives

SOURCE: SolarCity

19
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EV Based Home Backup

� "LEAF to Home" power supply system
- supply from batteries onboard Nissan LEAF electric vehicles (EV) to homes during an outage
- used with the "EV Power Station" unit developed by Nichicon Corporation

� Industry first backup power supply system that can transmit the electricity stored in 
the large-capacity batteries of Nissan LEAFs to a residential home.

� Available in Japan in 2013

� 6 kW, 24 kWh backup power

� $6000 system on top of the 
cost of the vehicle

SOURCE: Nissan

20
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C/I Customer-Sited ES, for Electric Bill Demand Charge and 
VAR Charge Reduction

� Commercial and Industrial (C/I) rate class tariffs typically have additional electric bill 
charges that residential tariffs don’t: Demand charges and Power Factor (PF) 
penalties 

� Demand charges are typically calculated on the measured peak power consumption 
(kW) per meter period (15-30minutes) per billing period (month)
- Example from ConEd’s general service tariff for large C/I:

� PF penalties apply when a customer’s PF (a measure of relative VAR vs WATT 
components of customer demand) are outside of allowed limits.
- Example from ConEd’s charges, if C/I customer’s PF is out of limits (0.95)

.

22
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Demand Charges, ConEd’s ‘Plan Language’ Description

NOTE - The NYSERDA ES Incentive is designed to address the Demand  (vs Energy) 
aspect of C/I customer load, “Performance-Based… Incentives are also provided for 
peak demand reductions associated with energy or thermal (ice) storage systems and 
high capacity, high efficiency electric chillers.”
http://www.nyserda.ny.gov/Commercial-and-Industrial/CI-Programs/Existing-Facilities-Program/Performance-Based-
Incentives/Electric-Efficiency-Incentives.aspx

23
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Example of ES Product for Demand Charge Reduction

24

www.onecyclecontrol.com/OCC-PLR-product.html
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Example of ES System for Demand Charge Reduction

25

Examples of potential customer bill-savings benefit, for a California GS C/I rate:

From OCC demo and 
presentation to the CA 

Energy Comm., March 2011
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Example of ES System for Demand Charge Reduction

26

For a 1-4hr. duration 
energy storage system, 
the Demand Charge 
savings will typically 
exceed Energy time-shift 
savings

http://aristapower.com/power-od/our-systems/
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C/I Customer Sited ES VAR Charge Reduction Example
� ConEd example of savings from bringing customer’s PF into the no-penalty zone:

.

27

� Providing VAR-support for customer-load PF correction does not consume battery 
capacity.  It is a coincident service enabled via appropriate BESS inverter.
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Energy Storage Valuation, Applying a Systems Perspective

29
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Use Case Statement:
Demand Side Energy Storage for Customer Bill Reduction

� Original Use Case Statement, Customer Sited Distrib uted Energy Storage*

“1. Overview Section

Electrical distribution system operation and maintenance costs are expected to increase with the 
growing popularity of utility customer-sited solar generation and electric vehicles. By encouraging 
adoption of customer-sited Distributed Energy Storage (DESS) systems through a variety of 
utility rate-based applications and demand response type programs, customers and third-party 
service providers gain more control over utility bill energy and demand costs while load-serving 
entities gain better awareness of interconnected generation, better awareness of local electrical 
grid conditions, and provide control strategies to help defer network upgrades and prolong asset 
life.”

� Specific implementation for Cost Effectiveness Mode ling
- Common Area Load on Commercial Rate, at multi-unit residential building
- School on Commercial Rate

- With and Without PV

- SGIP and Federal ITC as financial sensitivities

*http://www.cpuc.ca.gov/NR/rdonlyres/2676F607-09DC-411E-8E2C-67149D81C8E0/0/DSMUseCaseCustomerSide.pdf

30
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Use Case – Customer Sited Storage
� Customer owned, customer controlled storage device

� Storage technology - lithium-ion battery 

� Primary benefit areas  
- Peak reduction
- Energy arbitrage 
- PV time shifting

� Customer facilities evaluated 
- Common area meter of multi-family residence
- School

� Location of evaluated facilities – San Diego

� Applicable tariff scenarios
- 3 tier time of use (TOU) based tariff with peak demand charge – “SDGE AL TOU”
- Flat rate tariff without demand charge – “SDGE A”

31
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Customer Sited Storage: Financial Evaluation
� DNV KEMA’s Microgrid Optimization (MGO) tool is used for demand side energy 

storage use case scenarios
- MGO is being used to evaluate DOE facilities, NY State/City facilities, has been used in recent 

ISO distributed resource integration studies and end user planning

� Time horizon of financial evaluation is 15 years. All investments are made in year 1 
(2013) and evaluated till 2027.

� Operational Notes:
- Storage operation is simulated on a hourly basis, over 24 hour periods for the time-horizon of 

financial evaluation.
- Storage is operated to co-minimize energy and demand and charges as applicable under the 

tariff structure of the scenario.
- Operational benefit areas – Energy charge reduction, demand charge reduction

� Cost areas – Capital cost of storage and interface, capital cost of Solar PV (if 
applicable), O&M costs, financing charges

� Incentives – SGIP incentive for storage, CSI incentive for solar PV, FITC rebates for 
solar PV and storage (if applicable), tax benefit from accelerated depreciation

32
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Customer Sited Storage: Input Summary 
Simulation inputs

Cost and financial inputs

Facility inputs

Demand profiles

33
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Customer Sited Storage: Results summary

34
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� Facilities that were cost effective tended to have high variability in demand and high 
peak to base load ratio

Customer owned and operated storage is cost-effective for facilities with high peak 
demand to base load ratio, under tiered TOU tariffs with high demand charges

Financing structure is critical to cost-effectiveness

� Cost-effectiveness was compared between 100% equity financed and 100% debt 
financed with variable financing charges.

� Other applicable customer financing scenarios can be examined.

Combined installations of solar PV and storage are more cost-effective because of 
the ability to capture FITC incentives on storage

Cost-effectiveness Evaluation:
Conclusions – Customer Sited Storage

35
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CPUC June 11 Proposed Procurement Targets

� Proposed CPUC decision calls for procurement targets starting at 200MW for the 
three IOU’s in 2014, growing to over 1 GW by 2020.

� IOU target fulfillment will include incentive payments for advanced  energy storage 
systems within the SGIP

36
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DKV KEMA Team & Contacts

� Rick Fioravanti, Principal-in-Charge
Office: 703 631 8488
Mobile: 703 216 7194
Richard.Fioravanti@dnvkema.com

� Michael Kleinberg, Project Manager
Office: 215 997 4500
Mobile: 215 589 4178
Michael.Kleinberg@dnvkema.com

� Ali Nourai, Dr. Eng., Team member
Office: 614 940 7847
Ali.Nourai@dnvkema.com

� Kevin Chen, Team member
Office: (919) 256- 0839
Kevin.Chen@dnvkema.com

� Jessica Harrison, Team member
Office: 703 631 8493 
Jessica.Harrison@dnvkema.com

� Sudipta Lahiri, Team member
Office: 703 631 8493 
Sudipta.Lahiri@dnvkema.com
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www.dnvkema.com

www.dnv.com
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