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Energy Storage Technologies

2

1

10

100

1000

10000

100000

1000000

0.01 0.1 1 10

D
is

ch
ar

ge
 P

o
w

er
 

Discharge Duration (hrs)

1 GW

1 MW

1 kW

Su
p

er
ca

p

TVA PHS
1.6 GW
22 hrs

Battery Energy Storage

CAES
Fl

yw
h

ee
ls

100



Growth in Battery Energy Storage over Past 

Decade

However

Grid-Scale Energy Storage still < 0.1% of U.S. Generation 

Capacity

EV’s < 1% of vehicles sold in U.S.

October 26, 20183

Source: GTM Research / ESA | U.S. Energy Storage Monitor Q2 2018
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Growth in Energy Storage Fueled by Falling 

Li-ion Prices
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$80/kWh cell 

$~300/kWh installed
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Primary Objective of OE Energy 

Storage Program

The Cost of a Storage 
System depends on the 
Storage Device, Power 
Electronics, and Balance 
of Plant

The Value of a Storage 
System depends on 
Multiple Benefit 
Streams, both monetized 
and unmonetized

Reducing Cost while quantifying entire value stream
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DOE OE Energy Storage Program

Objectives

Cost Competitive 
Technology

• Materials and chemistry

• Systems and manufacturing

• Cost reduction

• Expanded applications

Reliability & Safety

• Lab testing

• Codes and standards

• Expected lifetime

• R&D Improvements

• Policy analysis

• Valuation methods

• Resolution of benefitsRegulatory 
Environment

Industry Acceptance 
through Demonstrations

• Stakeholder engagement

• Proving success

• Seamless integration

• Consumer benefits



DOE OE Addressing Entire Suite of Barriers for Continued 
Deployment of Energy Storage

7

Safety and Reliability Industrial 

Acceptance

Regulatory Support

Redox Flow Sodium 

Cost Competitive Technologies

Zn-MnO2

Cell

Pack

X 1.4

System

X 2.0

Installed

X 1.3



1) Redox Flow Batteries

• Development of water soluble organic materials to replace vanadium can 
lead to systems at ~ $100/kWh

2. Zn – MnO2

• Primary Alkaline battery materials ~ $25/kWh, low-cost materials and 
installed manufacturing base if we make fully reversible and durable.

3. Na based batteries

• Na-ion – utilizes existing Li-ion capacity with lower cost materials if 
performance can be improved.  Potential for > 30% reduction in cost over 
Li-ion

• Na-metal – Resolving materials and manufacturing issues to target < 
$140/kWh

Next Generation 
Cost Competitive Storage Technologies



Research Codes and Standards

Modeling of fire 
propagation in ESS

Monthly CSR 
newsletter

Education/Outreach 

2018 Energy Storage 
Systems Safety and 

Reliability Forum 

Energy Storage Safety
> 100 individuals and 
organizations involved in 
various safety workgroups

Energy Storage Safety



Energy Storage Reliability

ESS Reliability Needs 

1. Want “predictive” understanding 
of ESS lifetime, performance, and 
availability under grid duty cycles

2. Independent validation of 
performance 

I. Individual cell testing

• Degradation-materials phenomena
• In-situ sensing – improved dispatch

II. kW module testing

• Reliability Metrics
• Accelerated Testing

II. Supported Field Testing

• Development of Reliability Use Case 



Technical Support for Energy Storage Regulations

1-day Energy Storage Seminar for 
(WECC) and the State PUC’s within 

WECC.

Energy Storage Policy Database

Hosted
• 2015 PNW PUC Workshop 
• 2016 SW PUC Workshop
• 2017 WECC Seminar

• Providing Technical Support to 
Commissions in 6 States advancing 
energy storage. 



Industrial Acceptance of Energy Storage

DOE OE Supporting Deployment and Valuation of 45MW – 135 
MWh of Energy storage at 22 sites.

1.) Procurement and
Commissioning

2.) Valuation and Optimization

• Market Optimization
• Avoided Cost Considerations



Energy storage optimization tool
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Energy price ($/MWh)

Arbitrage only

Arbitrage + Balancing

Arbitrage + Balancing +  T&D deferral
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Arbitrage + Balancing +  T&D deferral  + volt/var

Bundling Storage Services: how to do 
it optimally?



Energy storage optimization tool 
output

15
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1MW – 3.2 MWh battery at SEL campus

Benefits Evaluated

1. Capacity-resource adequacy

2. Energy arbitrage

3. Regulation up/down

4. Conservation voltage reduction

5. Outage management of critical 

loads, including addressing voltage sags

Reliability to SEL generate additional $9.5 
million in benefits improving overall 
benefit-cost ratio to 1.79

Total Benefits

Required Revenue

Energy Storage Use Case 1
Manufacturing Reliability
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 $3,000,000
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Benefits Costs

Load Shaping Charge Reduction Demand Charge Reduction
Transmission Charge Reduction Volt-VAR/CVR
Transmission Deferral Energy Losses
Energy Storage System Rate Impacts Lost Revenue
Gen Set Cost Avoidance Outage Mitigation

Utility Benefits Costs

Submarine 
Transmission Cables

Mainland 
Washington 

Transmission Cable Map from Fidalgo Substation in 
Anacortes to Decatur and Lopez Islands

0.5 MW / 2 MWh ESS to reduce peak demand 
on transmission cable.  Integrated with 504 kW 
Community Solar.

Benefits Analyzed

• Demand charge reduction

• Load shaping charge reduction

• Transmission charge reduction

• Transmission cable deferral

• Conservation voltage reduction

Trans. 
Deferral

• Transmission Deferral for 3.65 years

• ~ $1M in lost revenue from Community 
Solar calculated into Utility costs.

• Additional $0.4M in outage mitigation 
to the island not included in analysis.

Energy Storage Use Case 2
Transmission Upgrade Deferral 



Energy Storage Use Case 3
PV + Storage Microgrid ROI

ROI = .97

ROI = 1.21

ROI = .00

Costs Benefits

90% survivability rate for a two-week outage
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