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From ES Policy Data Base

https://energystorage.pnnl.gov/regulatoryactivities.asp 



DOE-OE Storage Program
Is Building and Validating
Business Cases through

Innovative Pilot Projects:

Resilience, Sustainability,
Grid Stability



Storage Economics:

The Cost of a Storage System 

depends on the Storage Device,

the Power Electronics, and the

Balance of Plant

The Value of a Storage System 

depends on Multiple Benefit 

Streams, both monetized and

unmonetized

LCOE depends on Application!

Power 

Electronics

20-25%

Energy Storage 

Device 25-50% 

Facility 20-25% 

Arbitrage

Dem. Charges

month, year

Resiliency

Frequ. Reg.



• QuESt: An open source

Python tool for Energy 

Storage evaluation

• QuESt Valuation: Stacking 

services in an electricity 

market

• QuESt BTM: Bill reduction 

for time-of-use/net 

metering customers

• QuESt: Data Manager:

Data AcquisitionSandia.gov/ess-ssl/tools/quest

QuESt a Tool for Valuation– Sandia/DOE
(Deregulated Utilities) 



• BSET: Evaluation and sizing 

tool for utility-owned and 

behind-the-meter ES systems:  

• Desktop application with GUI.

• Co-optimization to capture 

multiple value streams 

including avoided costs. 

• Optimal storage sizing based 

on value streams and cost 

parameters.

availabletechnologies.pnnl.gov/technology.asp?id=413

Battery Storage Evaluation Tool (BSET) – PNNL/DOE
(Vertically Integrated Utilities+) 



Vermont Public Service Dept. 

– DOE - Green Mountain Power

Joint Solicitation issued by VPS/OE  

Rutland, VT

4MW / 3.4MWh of storage

Integrated with 2MW PV

Integrator: Dynapower

Groundbreaking: Aug. 12, 2014

Commissioning:  Sep. 15, 2015

System can be islanded to provide emergency power for a resilient 

microgrid serving a highschool / emergency center. 

Storage: Ancillary grid services, demand charge reduction

PV: Green power for the grid. Situated on Brown Field area



Regional Network Service (RNS): 
Payments for using transmission lines 
depend on monthly peak load.

Forward capacity market (FCM):

Payments for regional capacity 

reserves to cover load excursions 

depend on the yearly peak day/hour 

identified by ISO-NE,

In addition, there are financial benefits 
from frequency regulation and arbitrage.

How to make the Microgrid Pay for itself:

Capturing the yearly peak,

$200,000 from PV and storage!



• Panton VT. Project (GMP)

• 1 MW storage linked with solar

• Resiliency and utility cost savings

• Residential battery aggregation program (GMP)

• Up to 2,000 batteries to be installed behind 

customer meters

• Resiliency and utility cost savings

• SHEI Interconnection

• GMP, VEV, VELCO, Sandia

• 3 MW / 12 MWh battery to facilitate transmission 

of renewable generation 

Vermont Follow-on Activities:

GMP Rutland Project referenced as model in VT Energy Strategic Plan!

Legislative hearings on potential storage mandate.

VT Department of Public Servive commissioned Energy Storage Study.



Sterling, MA: Microgrid/Storage Project

Sterling Municipal Light Department. / DOE-Sandia

$1.5M Grant from MA Community Clean Energy Resiliency Initiative 

(Dept. of Energy Resources) + DOE 

2MW/2hr storage with existing 3.4 MW PV to provide resiliency for 

Police HQ and Dispatch Center. Li-ion batteries provided by NEC. 

Sterling, MA, December 2016Sterling, MA, October 2016



Dec. 2016 - April 2019: 1 million Avoided Cost!

Visitors: Germany, Switzerland, Denmark, Sweden, England, Ireland, Australia, 
Japan, Malaysia, Taiwan, Brazil, Chile, …. Thailand  

Chart: Carina KaainoaSean Hamilton



Northampton Muni – National / DOE / PNNL

Energy Storage System Economic Results

• Multiple grid assets to improve resiliency 
– 386 kW PV, Diesel, Biomass, 

– Energy storage: 441 kW / 1 hour

• Total 20-year benefits $2.5 million 

Costs $2.2 million,  ROI: 1.16.

• Microgrid islands 3 campuses during outage
– Northampton Dept. of Public Works 

– Smith Vocational and Agricultural High School

– Cooley Dickinson Hospital 

Modeled Use Cases for Storage:

PV Energy Payment Reduction

PV Recovery

Outage mitigation

Installed Capacity Tag (ICAP) reduction

NationalGrid Demand Response Program

Demand charge reduction



Nantucket – National Grid, Tesla, PNNL/DOE

Installation: 6MW/8hr Storage + 6-10 MW Generator
to yield required 91MW Peaking Capacity 

71 MW Submarine Cables                Analytics: Balducci et al. PNNL

$110 million Deferral Value + $36 million Operational Benefits



Ribbon Cutting: Oct. 8, 2019. Return on Investment: 1.55

In addition to transmission deferral, other 

potential economic benefits could include:

• ISO-NE demand response program 

participation

• ISO-NE ancillary service markets

• ISO-NE forward capacity and reserve markets 

• Energy arbitrage, Outage mitigation

PNNL evaluated technical and 

financial benefits of energy storage:

• Financial benefits of ES

• Technical impact on distribution system

• Control strategies to maximize financial 

benefits while achieving resiliency goals.



Energy Storage

should be part of

every Resource Plan and in

the Toolbox of every Utility!


