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Strategy Implementation
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GOAL
Competitive

Fundamental Science of Electrochemical Storage
-JCESR & EFRC

Storage
Technologies

. . ed Devel Cost Modeling & Seeded Innovation
Engineered De\reloprr!enl. Cost Modeling Non-aquecus Redox Flow/Regenerative Fuel Cells
& Seeded Innovation Redox Flow, B N N
" o a Multi-Valent, Metal-ion, Metal Air Systems
Sodium, Li-ion Batteries; Thermal )
Storage, Flywheels, Novel Concepts Ultra-high Performance Flywheels & Thermal Storage
’ - Manufacturing Process Development
GOAL
Validated
Prototype Testing for Industry Prototype Testing for Industry Reliability &
Degradation & Safety Framework Degradation & Safety Models & Evaluation Criteria Safety
Fielded System Tracking Fielded System Performance & Safety Tracking
GOAL
Equitable
Standards for Performance Testing Standards for packaging, safety, grid integration foperation Regulatory

Benefits Analysis for Grid Services Benefits, Revenue Realization of Multiple Applications
Handbook on Storage, Storage Database Collaborative Industry, State, Federal Policy Analysis

Environment

GOAL

ARRA Projects Indust
Collaborative State/Utility Storage Mew Storage Technology Collaborative Field Trials & 4
Studies Demonstrations w/States & Utilities Acceptance

Storage Modeling for Grid Services Storage Integration into Grid Planning and Operational Tools
Evaluation of 24-Use EV Batteries

2014 2015 2016 2017 2018
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DISTRIBUTION OF US DOE FUNDS TO ENERGY STORAGE
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DOE SMART GRID DEMONSTRATION .
GRANTS — ENERGY STORAGE DOE ARPA-E GRANTS: GRIDS

Battery - Battery - Lead
Sodium-ion carbon

Flow battenies
31%

Flywheel
15% Total =5$184.8m

Battery - Li-
ion
20%

Flywheel
16%
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0 100 200 300 400
Beacon Power | —8I1 vy
Aquion Energy Systems . 152.8
Eos Energy Storage ‘ 100.4
Axion Power International 93.7
ZBB Energy Corporation 63.8
Ambri Inc. | 50.0

RedFlow || 4138
ViZn Energy Systems 28.6
EnerVault Corporation 19.5
Highview Power Storage I 13.6

Temporal Power 10.0

m Grant = VC/PE = Public market m Corporate debt = Asset financing

Source: Bloomberg New Energy Finance
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Project Timeline Challenges

Ongoing research and development will reduce the cost of VRBs = VRBs generally have lower energy

densities than other battery types;
however, increased energy density

040 would help reduce costs and broaden
& jnmnry 2009‘ Initiated RFB research with lab-directed applications
:fsm ";;::ebpwc '""d"g srted sokiton chembiries of dirrent ol = Standby current drain can lead to power
with US. Department of Energy Ofﬁce of Electricity Delivary and Energy Reliability fundlng loss
035— - - -\ - January 2010: Developed new di lectrolytes basedonthe = VRBs’ small operating temperature
suliric and ";':';';’:"m"‘: "'“"’Mf edeceousie window requires the use of air
and the Fe/V sulfuric and chloride mixed electrolytes i conditioning systems that can result in
March 201 I: Pacific Northwest National Laboratory significant energy losses
demonstrated a new electrolyte in VRBs that increases the "
0.30 —— ——— —e % .~ __Operating temperature window by 83% andtheenergy__._ _._ __ * The vanadium electrolyte represents
storage capacity by 70% the major portion of the system capital
March 201 I: Validated :he newly developed electrolytes
in small and scale-up cell costs
October 2011: A ble and evall d a bench top
asaen (Lkiatack lichicank) Project Partners
g 025— - —— —— —— —___5__ June 2012: Successfully demonstrated | kW/| KWhVRB___
= xxﬁgegzzﬁfnﬂ :fw":&‘::’;mﬂﬁ;""m"""’ = Pacific Northwest National Laboratory
< 2012: Developed a new, | www.pnnl.gov
e sepantor for aVRB system with proven chemical stability
E September 2013: Devebp a full system by
E 0204 ————————— s working with industry S R SO R e
June 2014: Demonstrate and field test the
new generation of RFBs
June 201 5: Commercialize the new RFBs
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U.S. Department of Energy, Grid Energy Storage, 40~42 (2013)

IEA: Energy Storage Technology roadmap, 4 (2014)

KEMA, Inc. Market Evaluation for Energy Storage in the United States (2012)
ICEF, DISTRIBUTED SOLAR AND STORAGE - ICEF ROADMAP 1.0(2015)
Pacific Northwest National Laboratory, Vanadium Redox Flow Batteries,
Improving the performance and reducing the cost of vanadium redox flow
batteries for large-scale energy storage (2012)
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Electricity Advisory Committee, Energy Storage Activities in the United States
Electricity Grid (2011)



