
Energy Storage Technology Advancement 

Partnership (ESTAP) Webinar:

Flow Battery Basics, Part 1: 

What They Are, How They Work, 

& Where They’re Used

June 19, 2014



State & Federal

Energy Storage Technology 

Advancement Partnership 

(ESTAP)

Todd Olinsky-Paul

Project Director

Clean Energy States Alliance



Thank You:

Dr. Imre Gyuk
U.S. Department of Energy,

Office of Electricity Delivery and
Energy Reliability 

Dan Borneo
Sandia National Laboratories



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

• 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

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:



Massachusetts: 
$40 Million 

Resilient Power 
Solicitation

Kodiak Island 
Wind/Hydro/

Battery & 
Cordova 

Hydro/flywheel 
projects

Northeastern 
States Post-

Sandy Critical 
Infrastructure 

Resiliency 
Project

New Jersey: 
4-year 
energy 
storage 

solicitation

Pennsylvania 
battery 

demonstration 
project

Connecticut 
Microgrids 
Initiative

Rounds 1 & 2

Maryland Game 
Changer Awards: 
Solar/EV/BatteryESTAP Project Locations

Ohio: 
Potential 
project

Oregon: 
Initiating 

state energy 
storage 
effort

New Mexico: 
Energy 

Storage Task 
Force

Vermont: 
PV/energy 

storage RFP 
& Airport 
Microgrid

New York 
$40 Million 
Microgrids 
Initiative



Today’s Guest Speakers

Imre Gyuk, Program Manager, Energy Storage Research, Office of 

Electricity Distribution and Energy Reliability, U.S. Department of Energy

Dan Borneo, Engineering Project Manager, Distributed Energy/ 

Electrical Energy Storage, Sandia National Laboratories 

Summer Ferreira, Senior Member of Technical Staff, Sandia National 

Laboratories

Charlie Vartanian, Marketing Director, UniEnergy Technologies (UET)

Craig Horne, Chief Strategy Office and Co-Founder, EnerVault



Flow Batteries for 

Bulk Energy Storage
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Flow Batteries decouple Power from Energy:

• Power is produced by a rechargable 

Electrochemical Cell

• Energy is stored in Tanks of electrolyte

This is analogous to a car:

• Power comes from the Engine

• Energy is in the gasoline Tank
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We want high Potential !



We want low Cost !

//upload.wikimedia.org/wikipedia/commons/0/09/Elemental_abundances.svg
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ARRA - Enervault:
250kW/4hr   Fe-Cr Flow Battery

PV: 300 kW

Storage: 250 KW

Peak output: 450kW

Storage Cost: +16% 

Storage Value: +84%

Commissioned May 22, 2014

Tracking PV in Almond Grove

Installation of Tanks at Turlock Leveraging PV with Storage

http://spectrum.ieee.org/energywise/energy/the-smarter-grid/a-liquid-metal-battery-for-grid-storage-nears-production
http://spectrum.ieee.org/energywise/energy/the-smarter-grid/a-liquid-metal-battery-for-grid-storage-nears-production


Washington State Clean Energy Fund:

Solicitation for $15M for Utility Energy Storage Projects

Submitted Projects with UET V/V technology:

 Snohomish PUD (2MW / 6.4MWh) – PNNL -- U of WA

 Avista (1MW / 3.2MWh) – PNNL -- 1 Energy -- WA State

UET V/V technology 

was developed at PNNL 

with DOE-OE funding

PNNL will participate 

in both Proposals,  with

benefit optimization 

studies.



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 Number 2014-4713P  

Flow	
  Ba(eries	
  
Introduc3on	
  to	
  flow	
  ba(eries	
  

Clean	
  Energy	
  States	
  Alliance	
  Webinar	
  June	
  19,	
  2014	
  	
  

Summer	
  R.	
  Ferreira,	
  Travis	
  M.	
  Anderson,	
  Org.	
  2546,	
  Advanced	
  
Power	
  Sources	
  R&D	
  



Energy	
  Storage	
  Services	
  

Renewable	
  
Penetra,on	
  

Genera,on	
  
Transmission	
  

and	
  
Distribu,on	
  

End-­‐Use	
  

“Storage	
  is	
  a	
  vital	
  tool	
  that	
  would	
  uncouple	
  customer	
  demand	
  from	
  
the	
  generaFon	
  side	
  of	
  the	
  grid,	
  thereby	
  allowing	
  vital	
  flexibility	
  in	
  

control	
  and	
  maintenance	
  of	
  the	
  electric	
  grid.”*	
  

•  Reduce	
  carbon	
  footprint	
  
•  Provide	
  buffer	
  for	
  the	
  grid	
  
•  Smart	
  grid	
  integra,on	
  

Costs	
  are	
  the	
  
main	
  barrier	
  

*J Appl Electrochem (2011) 41:1137–1164  



Technology	
   Power	
  
ra,ng	
  

Discharge	
  
Dura,on	
  (h)	
  

Cost	
  
($/kWh)	
  

Cycle	
  life	
  

Pumped	
  Hydro	
   10’s	
  MW	
  -­‐	
  
GWs	
  

>8	
   80-­‐200	
   20,000-­‐	
  
50,000	
  

CAES	
   10’s	
  MW	
  -­‐	
  
GWs	
  

0.25	
   50-­‐120	
   9,000-­‐	
  
30,000	
  

Lead-­‐acid	
  
ba(eries	
  

kw	
  -­‐10’s	
  
MWs	
  

0.1-­‐4	
   350-­‐	
  
1500	
  

200-­‐	
  
1,500	
  

Li	
  ion	
  ba(eries	
   kW-­‐100’s	
  
MW	
  

0.1-­‐1	
   850-­‐	
  
5000	
  

5,000-­‐	
  
7,000	
  

Flow	
  ba(eries	
   kW-­‐100’s	
  
MW	
  

1-­‐20	
   180-­‐250	
   5,000-­‐	
  
14,000+	
  

Sta3onary	
  Storage	
  

Journal of The Electrochemical Society, 158 (8) R55-R79 (2011) and 
 http://www.purdue.edu/discoverypark/energy/assets/pdfs/SUFG/publications/SUFG%20Energy%20Storage%20Report.pdf  



Flow	
  Ba(eries	
  and	
  Renewables	
  

Flow	
  baJeries	
  decouple	
  energy	
  and	
  capacity.	
  
Easy	
  scalability	
  Deep	
  discharge	
  ability	
  Long	
  cycle	
  life	
  



	
  Flow	
  Ba(ery	
  
•  energy	
  storage	
  technology	
  u3lizing	
  redox	
  states	
  

of	
  various	
  species	
  for	
  charge/discharge	
  purposes	
  

cathode	
  
reservoir	
  

anode	
  
reservoir	
  

cell	
  

The	
  “fish	
  tank”	
  schema3c	
  does	
  not	
  represent	
  a	
  specific	
  chemistry.	
  

pump	
  
electrode	
  

load	
  or	
  power	
  source	
  

separator	
  



Early	
  Development	
  

Fe2+ 	
  	
  Fe3+	
  +	
  e–	
  

Cr2+ 	
  	
  Cr3+	
  +	
  e–	
  

Open	
  Circuit	
  
Poten3al	
  (OCP)	
  
1.2	
  V	
  

significant	
  crossover	
  

requires	
  electrocatalyst	
  
Zn/Cl	
  hydrate	
  ba(ery	
  in	
  19681	
  
Fe/Cr	
  RFB	
  in	
  the	
  1970s2	
  
	
  

1Linden’s Handbook of Batteries      2J Appl Electrochem (2011) 41:1137–1164  



All-­‐Vanadium	
  Ba(ery	
  

V2+ 	
   	
  	
  V3+	
  +	
  e–	
  

VO2+	
  + 	
  H2O 	
  	
  	
  VO2
+	
  +	
  e–	
   crossover	
  

is	
  less	
  of	
  
an	
  issue	
  

Nafion®	
  
membrane	
  

temperature	
  
sensi3vity	
  

low	
  vanadium	
  
concentra3on/low	
  
energy	
  density	
  

graphite	
  

Open	
  Circuit	
  
Poten3al	
  (OCP)	
  
1.5	
  V	
  electrolytes	
  influence	
  

temperature	
  stability	
  
and	
  vanadium	
  
concentra3on	
  

carbon	
  
felt	
  



Cell	
  Configura3on	
  

porous	
  electrode	
  

flow	
  channel	
  ion	
  exchange	
  membrane	
  

diffusion	
  

conduc,on	
  

higher	
  surface	
  
area/porosity	
  
electrodes	
  

surface	
  treatment/
electrocatalysts	
  

serpen,ne	
  



Hybrid	
  Flow	
  Ba(eries	
  

energy density is around 65–75 Wh kg!1 (Ref. 159) The system is
briefly summarized in Table VI and a schematic of the zinc-bromine
hybrid system is given in Fig. 3.127

In order to optimise the zinc-bromine battery, various mathemat-
ical models have been used to describe the system.203–206 The prob-
lems with the zinc-bromine battery include high cost electrodes, ma-
terial corrosion, dendrite formation during zinc deposition on
charge, high self-discharge rates, unsatisfactory energy efficiency
and relatively low cycle life68 Another disadvantage of this system
is slow kinetics of the bromine/bromide couple that causes polariza-
tion and loss in voltage efficiency. To overcome this, high surface
area carbon electrode on the cathode side is normally used to reduce
the effective current density, however, the active surface area of the
carbon eventually decreases and oxidation of the carbon coating
occurs.68

In zinc-bromine hybrid systems, the energy storage and power
of the battery are not fully decoupled as the energy storage capacity
will depend on the thickness and morphology of the metallic layer
formed. A porous separator is often used between the positive and
negative electrodes to avoid the reduction of dissolved bromine
during charge68 however bromine cross-over is still an important
issue, as is the problem of dendritic growth and shorting. Electro-
lyte additives (e.g., quaternary ammonium salts) can be used to
complex any dissolved bromine that has been inadvertently trans-
ported through the membrane to the zinc half-cell.207 However, its
performance does not match that of the all-vanadium RFB as yet
and is mainly being developed for smaller applications up to 500
kWh. The main reason for the limited attention has been the opera-
tional limitations associated with the need to prevent zinc den-
drites. Despite extensive work to optimise the design of electrolyte
channels and manifolds to minimise shunt currents, zinc dendrites
can still form after extended cycling, causing channel blockage and
shorting through the separator. This is typically overcome by regu-
lar full discharge to completely strip all of the zinc from the nega-
tive plates to eliminate sites where dendrites can grow. This
requirement creates undesirable operational restrictions, so further
work on electrolyte additives to inhibit dendritic growth is an area
that could yield considerable benefits for the future implementation
of this technology.

Despite these problems with zinc plating, however, the very neg-
ative potential of the Zn2þ/Zn couple continues to make this half-
cell attractive for flow cell applications. The zinc-cerium hybrid re-
dox flow battery is one such system that combines the very negative
zinc couple with a very positive cerium couple to yield a cell volt-
age of more than 2 V and an OCP that is higher than any of its com-
mercial competitors.163 The zinc-cerium has been under develop-
ment since the early 1990s by Electrochemical Design Associates
Inc.159 and some of its properties are given in Table VII. The testing
and development of this system has been undertaken by Plurion Sys-

tems Limited. This hybrid flow cell involves the use of salts of zinc
and cerium in an organic solvent.68,208 It has some similarity to the
zinc-bromine system in that the negative half-cell redox couple
involves a solid zinc phase. It also uses an environmentally benign
organic acid as the solvent (not degraded by cross-membrane migra-
tion) and a common electrolyte system in both half-cells.

Mathematical modelling to understand the redox nature of the
Ce(IV)/Ce(III) redox couple has also been conducted for a batch sys-
tem comprising an electrochemical reactor and an electrolyte cir-
cuit.209 The batch recycle system consisted of a pumped flow
through divided FM01-LC parallel-plate electrochemical reactor (64
cm2 projected electrode area) and a well mixed tank (3600 cm3).
Unfortunately, significant differences between experimental and pre-
dicted values were found at long electrolysis times. This was partly
attributable to the presence of solvated species and complex forma-
tion involving Ce(III) and Ce(IV) species, which modified the actual
concentration of Ce(III) and Ce(IV) from the predicted values.209

This has limited the energy density of the zinc-cerium system to
date, however, further research may help to address this limitation,
allowing it to compete commercially with the all-vanadium RFB.

Other zinc hybrid systems (such as zinc-nickel) have been devel-
oped recently and will be discussed in later sub-sections of this
paper.

Flowing undivided lead acid battery technology.—The system
differs from the traditional lead-acid battery since it uses a highly
soluble form of the Pb(II) species that is supplied as a aqueous acid
electrolyte for both the negative and positive half-cells reactions.68

It also differs from conventional redox flow batteries since it uses a
single electrolyte and involves the formation of solid products at the
two electrodes during charging, so that no separator or membrane is
necessary. This reduces the cost and design complexity of the bat-
teries significantly68 Some properties of the system are described in
brief in Table VI, while a schematic representation of the system is
given in Fig. 4.

The electrode reactions involve the conversion of the soluble
species into solid Pb and PbO2 phases at the negative and positive
electrodes respectively during charging and re-dissolution during
the discharging cycles. The deposition of solid phases on the elec-
trodes during charging introduces complexities to the electrode reac-
tions that may reduce the performance of the battery if the metal
grows across the inter-electrode gap and short circuits the battery.68

Dissolution and deposition of lead is fast and no overpotentials are
usually required, however as with conventional lead-acid batteries,
hydrogen evolution is observed during the charge cycle at high
state-of-charge, thus reducing storage capacity.210 These cells have
been studied in several electrolytes; percholoric acid, hydrochloric
acid, hexafluorosilicic acid, tetrafluoroboric acid and most recently
in methanesulphonic acid.68,161,210–212

The structure of lead deposits (approximately 1 mm thick)
formed in conditions that are met at the negative electrode during
the charge/discharge cycling of a soluble lead-acid flow battery was

Figure 3. (Color online) Schematic of Zinc-Bromine Flow Battery
(Ref. 127). Figure reproduced with kind permission from Woodhead Publish-
ing Limited, Cambridge, UK.

Figure 4. (Color online) Undivided Lead Flow Cell.

Journal of The Electrochemical Society, 158 (8) R55-R79 (2011)R70

Downloaded 04 Aug 2011 to 198.102.153.2. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp

Zn0(s) 	
   	
  Zn2+	
  +	
  2e–	
  

2X	
  – 	
  	
  	
  X2	
  +	
  2e–	
  

Open	
  Circuit	
  
Poten3al	
  (OCP)	
  
1.8	
  V	
  

Higher	
  energy	
  density	
  than	
  the	
  all-­‐vanadium	
  system	
  at	
  the	
  expense	
  of	
  
toxicity,	
  dendrite	
  forma3on,	
  higher	
  self-­‐discharge,	
  plate	
  stripping	
  required	
  

X	
  =	
  Cl	
  or	
  Br	
  



Sandia’s	
  OE	
  Pormolio	
  in	
  Flow	
  Ba(eries	
  
Research	
  enables	
  applied	
  analysis,	
  applied	
  analysis	
  enables	
  research.	
  

The	
  goal	
  is	
  to	
  assist	
  toward	
  greater	
  deployment	
  on	
  the	
  grid.	
  	
  	
  

Research	
  

Membrane	
  Development	
  
Separators/membranes	
  
iden3fied	
  as	
  high-­‐cost	
  
bo(leneck	
  

Ba(ery	
  Modeling	
  
Non-­‐Aqueous	
  Chemistries	
  

Applied	
  Analysis	
  

Power	
  System	
  Reliability	
  
Control	
  algorithms	
  
System	
  tes3ng	
  
Demonstra3on	
  Projects	
  
Grid-­‐Level	
  Integra3on	
  Analysis	
  
Regulatory	
  and	
  Policy	
  Analysis	
  

Demonstrations of flow battery technologies since the 1980s and 1990s.  More 
installations and larger projects are being seen.   
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Company Overview

Focus:  
Long-duration, grid-scale energy storage…

Distinction:  

Long duration storage at constant power

Unparalleled safety, reliability, and low cost

Configurable & scalable design optimizes costs

10s of MW

100s of MW-hr

250 kWAC

4 hour

Cr2+/Cr3+

Fe3+/Fe2+

(negative)

(positive)



EnerVault Corporation Prorprietary

2014

International Network And Wide Recognition

Supported by leading global corporations and funding agencies

BEW Engineering 

(CA)

partners

investors

grant awards

EREN
Group

recognition & associations
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Applications - $1B in Procurements Underway!

Configurable energy & power capacity plus low-cost 

energy capacity  CapEx curve matches value curve

Clean Resilient Systems

2 to 75 MW/6 to 48 hours

Peak Capacity +

12-50 MW/4 to 12 hrs

Holtsville (567 MW NGCT)  
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Cr2+/Cr3+

Fe3+/Fe2+

(negative)

(positive)

Iron-chromium Redox Flow

Battery

First studied by 

NASA in 70s/80s

+ low cost

+ robust

+ abundant

+ safe

EnerVault

+ novel architecture for 

sustained power

+ innovations that make 

Fe/Cr commercial

EnerVault Technology

4

Discharge reaction

Cr2+ → Cr3+ + e-

Fe3+ + e- → Fe2+

Charge reaction

Cr3+ + e- → Cr2+

Fe2+ → Fe3+ + e-
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Redox Flow Battery Architectures

5

Cr2+/Cr3+

Fe3+/Fe2+

(negative)

(positive)

Electrochemical 

Cell Structure

EnerVault’s Unique Design

US Patent No. 7,820,321

NASA, ca. 1979

Traditional Redox Flow Battery

v
o
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a

g
e

, 
p

u
m

p
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a
te

time

• Fast response to power change

• Narrow state of charge range

• Lower Efficiency

Engineered Cascade™

v
o

lt
a

g
e

, 
p

u
m

p
 r

a
te

time

• Long duration steady power

• Wide state of charge range

• Higher Efficiency
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Product Characteristics

Duration extended by simply increasing electrolyte volume

adapted from:  Wadia et al., J. Power Sources 196(2011)1593-1598

Configurable energy & power capacity plus 

low-cost energy capacity 

 CapEx curve matches value curve
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10X .

Delivered Fe/Cr Technology To The Field

2010

2012

2014

2 kW/1 hr Test Unit

30 kW Pilot System

250 kWAC/1 MW-hr

Turlock Field System

10X
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MW-hr Field Unit

see highlights at:

http://enervault.com/enervault-turlock-dedication

“Redox flow batteries may hold great potential for replacing gas-fired peaking 

power plants, and for providing badly needed grid stabilization services.”

Peter Kelly-Detwiler, Forbes

http://enervault.com/enervault-turlock-dedication
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Bringing Fe/Cr Systems To Market

Leverage electrochemical process industry expertise...

Deliver 1-2 MWAC

IS Systems

Launch 10+ MWAC

GS Systems

2014 2015 2016

Demonstrate 250 kWAC

1 MW-hr Field System
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Leverage Existing Industry Capabilities

NORAM Engineering

 Vancouver, BC

 Founded 1988, private, global project 

portfolio

10

Ascension Industries

 Buffalo, NY area

 Founded 1956, private, global project 

portfolio

Established relationships supporting design, fabrication, controls, & deployment

BEW Engineering (CA)



EnerVault Corporation Prorprietary

2014

System Scaling

1-2 MWAC IS Systems

2014 2015 2016

250 kWAC/1 MW-hr 

Field System

10+ MWAC GS Systems

Modular Power:

tunable, higher availability

Aggregated Energy:

lower cost, better operability, lower maintenance 
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THANK YOU

12



Uni.SystemTM: Advanced Vanadium Flow Battery System
for Grid Applications

Flow Battery Basics, Part 1: 
What They Are,  How They Work, Where They’re Used
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 Separation of 

 Energy (kWh) – electrolytes

 Power (kW) – cell stacks

 “Inert” electrodes – no stress 
buildup or structural degradation in 
electrodes

 Extended electrode 
durability/reliability

 Long cycle life, independent of 
SOC/DOD

 Effectively stop reactions by turning pumps off – no thermal runaway – safe

 Stores up to MWh’s/MW’s of electricity, with durations from mins up to hrs and 
even days – grid scale solutions

 Passive heat management – flowing electrolytes carry away heat generated; 
large volumes of electrolytes act as heat sinks -high reliability & efficiency

About Flow Batteries

Cell 
Stack

Catholyte Anolyte

+ -

kWkWh kWh
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UET’s Core Technology: Stable and Powerful Vanadium 
Chemistry

New molecule designed with PNNL’s super-
computing and advanced analysis equipment

 Team of 20 scientists led by Dr. Gary Yang & 
Dr. Liyu Li who then founded UET in 2012

 Won the US Government’ highest Award of 
Excellence in Technology Transfer to UET 

 Extraordinary electrolyte stability
» stable from -40 °C to +50°C 

 2X energy density improvement
 5X footprint reduction

 Inherent Safety
» Non flammable
» No thermal runaway
» Reduced chemical volume
» Nonreactive with water

+ Containerization

VO2Cl(H2O)2

V5+ V4+ V3+ V2+

Cathode: 𝑉𝑂2𝐶𝑙 + 2𝐻
+ + 𝑒− ↔ 𝑉𝑂2+ + 𝐶𝑙− +𝐻2𝑂 

Anode: 𝑉2+ − 𝑒− ↔ 𝑉3+ 

Cell: 𝑉𝑂2𝐶𝑙 + 𝑉2+ + 2𝐻+ ↔ 𝑉𝑂2+ + 𝑉3+ + 𝐶𝑙− + 𝐻2𝑂 
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2015 Uni.System.AC™: 500kW/4h; 600kWpeak; 2.2MWhmax

 Inherently Safe
Water based, No thermal runaway

 Robust and Reliable
20 year life, No degradation

 Operationally Flexible
100% capacity access, Stack values

 Scalable Architecture
System footprint 20MW/acre

 Wide Temperature Range
-40 °C to +50 °C 

 Factory Integration
precision assembly & QC

 Plug & Play
rapid incremental deployment

 97% Availability
no stripping or equalizing

 100% Recyclable
disposal contract included
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Scalable: 10 MW 40MWh concept

20 June 2014

PV Solar Shield

 Radiant Barrier for Energy Farm
 Low cost PV with Uni.System™ 

support structure
 Eligible for tax incentives
 250kW array yielding 500MWh/y

Uni.System.AC™ “Energy Farm” 

 10MW/40MWh Uni.System.AC™ 
 12MWAC peak power rating 
 44MWhAC maximum discharge 

capacity

Total PV+Storage Footprint

 20MW/acre
 8” thick concrete slab 
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Operationally Flexible

 The Uni.System™ is uniquely capable of performing short and long 
duration applications simultaneously

Data from completed factory testing results.
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Flexible, Operable Over Diverse Time Scales

Regulation Ramping, Firming Peak shaving, load leveling

Seconds to Minutes Minutes - one Hour Several Hours - one Day

Storage Applications Have Diverse Timefames and
Require        

Flexible Storage Solutions



Flexible, Stacking to Deliver Cost Effective Solutions
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Use Case Benefits
Traditional
Solutions

Value Basis Client Type
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ge Peaker,

Resource

Resource Services, 
Capacity, Energy, 

A/S
CT

PPA, Mkt Rev, 
Avoided Cost

Developer,
Utility

T&D Capacity
Deliverability,

Reliability, 
Resiliency

Line & 
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Expansion

Avoided Cost, 
NERC Compl., 
FTR revenue

Utility, 
Developer
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Distributed 
Peaker

Resource Services, 
Resiliency, 
Microgrids

Circuit & 
Substation 

Expansion,  CT,
DG

PPA, Mkt Rev, 
Avoided Cost

Developer,
Integrator, 

Utility

Substation & 
Circuit Sited  
Storage

Resource Services, 
Wires Capacity, 

Resiliency, 
Microgrids

Circuit and 
Substation 

Expansion, DG

Mkt Rev, 
Avoided Cost,

SAIFI/SAIDI

Utility

Renewble
Mitigation and 
Integration

Ramp Mngt, 
Curtailment

Reduction, Diesel 
Reduction

none
PPA, Avoided 
Cost Savings

Developer, 
Integrator,

Utility
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Behind the 
Meter

Bill Reduction, PQ DR, DG Bill Savings
Util Cust, 

Developer, 
Integrator

Behind the 
Meter Utility 
Controlled

Bill Reduction,
Avoid Cost, Market 

$, Grid Rel

Circuit Upgrade,
DR, DG

Bill Savings, 
Avoided Cost

Utility
Developer, 
Integrator
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Comparison of 100MW Gas Turbine with 100MW Battery *

output range
-100 to +100MW

20-40% 
utilization

output range
50 to 100MW

95% availability

* Summary slide from STRATEGEN at ESNA conference in September, 2013



Backup Slides
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2015 Uni.System.AC™ Performance Data 
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2015 Uni.System.AC™

Peak Power 600 kWAC

Maximum Energy 2.2 MWhAC

Discharge time 2 h 4 h 8 h

Power 600 kWAC 500 kWAC 275 kWAC

AC Efficiency 65-70%

Voltage 12.47kV +/- 10%

Current THD (IEEE 519) <5%THD

Response Time <100ms

Reactive Power +/- 450kVAR

Humidity 95%RH noncondensing

Footprint 820 ft2

Envelope 41’W x 20’D x 9.5’H

Total Weight 170,000 kg

Cycle and Design Life Unlimited cycles over the 20 year life

Ambient Temp. -40oC to 50oC ( -40oF to 122oF)

Self Discharge Max capacity loss: <2% 



Vision: Become a major global provider of bulk energy storage solutions 
through innovation, quality and strategic partnerships

We are accomplishing this by commercializing a break-through redox flow battery product with new generation high 
performance electrolytes, field-proven stacks, optimized control/power electronics, and refined “plug & play” containerization

Achievement: UET has successfully developed and deployed the world’s first flow battery 
product fully integrated into a single shipping container for rapid and flexible grid deployment

UniEnergy Technologies (UET)

12
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 State-of-the-art R&D lab and world class 
scientists

 Leading engineering team with decades of 
experience in flow battery and related industries

 Precision assembly & QC, ramping up production 
to 100MW per year in the next 2~3 years

 Seasoned sales & marketing team

13

UET Capabilities
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UET’s DNA and Strategic Partnerships

ELECTROLYTE PRODUCTION

 1,324,000 ft2 production facilities

 Electrolyte production capacity > 1.5GWh/year

 ISO9001:2008 Certified

STACK PRODUCTION

 108,000 ft2 manufacturing facility

 100MW production capacity

 ISO9000/14000, GB/T28001 Certified

FIELD EXPERIENCE

 5MW/10MWh wind

firming installation

 Numerous MW-class

microgrid sites

NEW ELECTROLYTE

 2X power and energy density

 –40°C to +50°C

 Improved safety

DOE

PRODUCT ENGINEERING

AND MANUFACTURING

67,000ft2 design, development & 

manufacturing facility in Seattle



Charlie Vartanian
1-626-828-5230
Charles.Vartanian@uetechnologies.com
www.uetechnologies.com

Thank You

mailto:Charles.Vartanian@uetechnologies.com


ESTAP Contact Information

CESA Project Director:

Todd Olinsky-Paul 
(Todd@cleanegroup.org)

Webinar Archive: www.cesa.org/webinars

ESTAP Website: http://www.cesa.org/projects/

energy-storage-technology-advancement-partnership/

ESTAP Listserv: http://www.cesa.org/projects/energy-storage-technology-

advancement-partnership/energy-storage-listserv-signup/

Sandia Project Director: 

Dan Borneo 
(drborne@sandia.gov)

mailto:Todd@cleanegroup.org
http://www.cesa.org/webinars
http://www.cleanenergystates.org/projects/energy-storage-technology-advancement-partnership/
http://www.cleanenergystates.org/projects/energy-storage-technology-advancement-partnership/
http://www.cesa.org/projects/energy-storage-technology-advancement-partnership/energy-storage-listserv-signup/
mailto:drborne@sandia.gov

