January 8-9th 2015

Prototype of Rechargeable
Nanoelectrofuel Flow Battery

Technology Overview

Approach: Merging solid and flow battery formats
with high energy density pump-able nanoelectrofuel
electrodes (NEF, > 50 vol.% of cathode and anode
nanoparticles stably dispersed in electrolyte).

Using established battery chemistries to
demonstrate new battery format.

Value Prop: >2x capacity of advanced Pb-acid
batteries at %2 cost of Li-ion, with 3 minute charge
replenishment
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High Energy Density  Pump-able Format

Deliverable: NEF flow

battery prototype scalable
for EV demands: 1 kWh,
36V, C/3
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Team: N
Pl: Prof. Carlo Segre, IIT, Seqfe@iitﬁdu‘f/f 3

Co-PI: Dr. Elena Timofeeva, Argonne

Current Status

(1)

(2)

3)

(4)

STATUS: demonstrated anodic and cathodic
NEFs in half cells.

NEXT TECHNICAL: demonstrate full flow
through cell with cathode and anode NEFs

NEXT COMMERCIAL: secure strategic partner
who funds/supports pilot program for Light Utility
Electric Vehicles (LUEV)

HELP NEEDED: Partners for nanomaterial
manufacturing, rapid prototyping, licensing
technology from Argonne back to start-up

Project Statistics

Award Amount

Award Timeline

Next Stage Target

Collaborations Sought

i ol

$3.44 M

Jan. 2014 — Dec. 2016

Pilot program for LUEVsS
10-20 kWh battery

TBD
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Major Accomplishments

» Conceptual design of prototype:
system level energy density
36V@80L >180Wh/L; >73Wh/kg
36V@200L >210Wh/L; >80Wh/kg

* CFD modelling of individual cells:
Viscosity up to 1000cP is acceptable for
fairly uniform velocity profile

¥ 2.9x10°¢

Pressure (Pa)

« Demonstrated charging of nanofluid
close to the theoretical capacity in half

cell Configurations 350 1 Theoretical Capacity of the Anode Ty
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« Achieved Coulombic efficiency equal to < | -m- Quu/Qi (%) -0

solid casted electrodes with same [ 60 .0

nanoparticles > 200- =
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« Developed surface modification for = ol - § o

nanoparticles that show < 10 cP viscosity O ] B0 ©

at >50 vol.% particle loading and 50f 'O L
electrochem compatible > 4 6 8 10

Cycle number
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Technology-to-Market

|-Corps” Energy and”

in partnership with Michigan |- CorpsTM

May-June 2014
Learned:
* Importance of Value Proposition
« Customer discovery process
» Business language
« Nuances of EV/OEM world
e Start-up process
« Funding opportunities
 Policies and regulations

Extended the network

|dentified path forward as a
start-up company

Found prospective partners

December 2014
Founded “Influit Energy LLC.”

January 8-9th 2015

Developed Business Canvas

ENERGY

ask us whats next

| Key Partners

Key Activities

Value Propositions

Customer
Relationships
B

Customer Segments

* Fleet for the Pilot
Program: baggage

handlers (AA, United,

Amtrak)

* Policy support for
the pilot program -
Clean Cities

* Product
development: Battery
packs, accessories,
and infrastructure for

wider market adoption

* Final assembly of
PEF battery packs

* Manufacturer of
flow system
components and
controls

% Preparation of PEF
suspensions from dry
powders & packaging

(SPI)

* Manufacturer ofdry
nanoparticles, TBD

@ PEF drop-in
replacement for lead-acid
battery packs with 4X
enargy storage for
extended range andfor
camfort

# Pilot program to
build credibility,
feedback on product
features and VPs

# Engage/inform
existing customer
bases from our
partners for PEF
battery upgrade

© NO downtime: 3 min.
charge replenishmant by
pumping infout

Key Resources

% Startup Founders
and R&D Staff

i

Channels

pilot program sponsored
by city of Chicago
-

Elactric vehicles have lass
parts, tharefore require
reduced maintenance

50% reduction in fleet siz

support (Incubator,
Business School, TDC)

* Integration of PEF
battery into

bly space (IIT
Incubator ?)

% IIT and Argonne T2M

% PEF battery R&D and

due to elimination of 12 hr
charging downtime s>
50% reduction in capital
imvestment

Voss and companies alike
as distribution channels

after the pilot program.

+ Online PEF battery
store - special orders -
context advertisement

End usersfoperators of
Fleet LUEVs [airports,
hotels, military, hospitals,
hotels, warehouses,

r g want) Electric
movemant, Government
fleat, Military fleats, Utility
Flzets, etc.

Cost Structure

Revenue Streams

* RE&D activities, salaries, spaue and tool rental

| * Raw materials and flow stack components
i* PEF manufacturing and packaging |

for the pilot program we will apply for Dep. of Energy and Dep. of

* Pack

Labor,

ul]lil:y costs

|i* Marketing and Sales |

i ol

RANGE Annual Meeting

Transportation grants utilizng the City of Chicago Clean Cities Initiative
as our adwocate and Voss Equipment as our industrial partnar

The pilot program will build our credibility, and we will expand

installation of PEF batteries to different flaets on commercial basis.

i* Sales of drop-in replacements for Lead-acid battery packs
i* Cuslum urders for non-standard sized battery packs
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| essons Learned

For large scale storage aqueous and non-aqueous NEF
systems show compatible energy density

Current EV market is not that big

One of barriers for penetration is need for expensive
Infrastructure (network of charging stations)

Game-board for OEMs is huge with internationally
connected decision making

With totally new technologies prototype-to-market for
passenger vehicles takes 10-20 years

OEMs appear to be in favor of incremental improvements,
not embracing transformational technologies

10-20 years time frame is too long for start-up to survive

Need smaller stepping stone markets
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Wanted Collaborations

« 3D prototyping companies

« Plastic and metal parts manufacturers
 Nanomaterials manufacturers

« LUEV manufacturers

« LUEV distributors, service providers

« QOrganizations that use small (10-100) fleets of
LUEVs at centralized locations for Pilot Program

« Sponsors for Pilot Program
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Project Team

RANGE Annual Meeting



Project Team VO

ILLINOIS INSTITUTEﬁ? Argonne°

D F T E C H N {:} LD GY NATIONAL LABORATORY

,‘
y |
‘u‘[.‘\‘” / j"- "
.Segre J. Katsoudas V. Ramani

Y. Ding C. Pelliccione

N. Beaver
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News CIlips
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nofeeva@gma X , & ARPA-E awards IIT-Argon: %

[ www.anl.gov/articles/arpa-e-awards-iit-argonne-team-34-million-breakthrough-battery-technology

SEARCH Q
A 6 About | Work with Argonne | Safety | News | Community | Diversity | Careers | Directory

NATIONAL LABORATORY ENERGY ENVIRONMENT SECURITY USER FACILITIES SCIENCE

ARPA-E awards IIT-Argonne team
News $3.4 million for breakthrough

battery technology

Feature Stories AR anale Researchers (left 1o right) Dileep
Science Highlights 1= = : P Singh, Carlo Segre, Mike Ducba, John
In the News i é' ﬁﬁﬂéﬁl h_‘ Emall‘ “5 Bnt ‘ Katsoudas, Elena Timofeeva, and
Chiris Pelliccione stand by one of the
Experts Guide CHICAGO - Carlo Segre, Duchossois Leadership Professor of Physics at olug-in electric vehicles they hope to
M Gariacis lllinois Institute of Technology, has received a $3.4 million award from the revolutionize with the IIT-Argonne
U.S. Department of Energy’s Advanced Research Projects Agency (ARPA- “nanoelectrofuel” flow battery
Social Media E) to develop a breakthrough battery technology that may more than sechinology they are developiiig Clkk
Photos double the current range of electric vehicles (EV), increase safety, reduce 10 enlarge.
costs and simplify recharging.
Videos
Fact Sheets, Brochures and Segre and his collaborators John Katsoudas, also of lIT, and Elena CONTACT US
Reports Timofeeva, Dileep Singh and Michael Duoba of Argonne National For more information, contact Angela
Summer Science Writing Laboratory will develop a prototype for a rechargeable "nanoelectrofuel" Hardin at (630-252-5501;
Internship flow battery that may extend the range of EVs to at least 500 miles and media@anl.gov) or Patricia Cronin at

provide a straightforward and rapid method of refueling. Current EV ranges  (312.567-3132: cronin@iitedu).
are 100-200 miles, with recharging taking up to eight hours.

Flow batteries, which store chemical energy in external tanks instead of
within the battery container, are generally low in energy density and
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News from Argonne’s Transportation Research Program
www.transportationanl.gov

Rechargeable Nanoelectrofuels for Flow

Batteries May Revolutionize EVWorld page ¢

Operating at more than 10 times the capacity of a conventional Now
battery, the nanoelectrofue battery promisss to revolutionize the
practice of enesgy storage.

Unlocking the Door to Better Diesel Engine

Combustion and Emission Performance page 10

A revolutionary advance In our undesstanding of how diesel engines
work may unlock new approaches to predicting diesel engine
performance and emissions.

On the cover
Chemist Bora Tmofosva sets up an eapenmant to evaluste nanoslectrofusl

parformance.

' Shown hare
Volume 14 John Katsoudas and Diesp Singh raview cxpanimantal rasuts from a full flow

Isswe 1 battary test in the fuma hood wet lab ara.

Winter 2014

News from Argonne’s Transportation Resandl Progun
www.transportation.anl.gov .

Contents
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ofeeva@gma X , & IT, Argonne get $3.4M gr: X

[ www.suntimes.com/news/metro/22342508-418/iit-argonne-get-34m-grant-to-improve-electric-car-battery.html#VFEnnyLF-So

CHICAGO SUN-TIMES;com = 44 s

Weather Updates

News Sports Entertainment Politics Voices CSTtv Health Obits BuyPhotos Classifieds Jobs Q

ADVERTISEMENT

IIT, Argonne get $3.4M grant to VIDEO ki more
improve electric-car battery
G o4 wiweet/ (0] [ share| | 7 [[841] 10 Sharo S0

BY SANDRA GUY Technology/Higher Education Reporter September 3, 2013 :4OPM

er 5, 2013 6:28AM

i Researchers at the Illinois Institute of
Technology and Argonne National

Laboratory announced Tuesday they have
| won a $3.4 million federal grant to

: develop technology that could let electric

Researchers Dileep Singh (left), Z 2 ‘ More videos:
Carlo Segre, Mike Duoba, John cars run five times longer ona smgle —
Katsoudas, Elena Timofeeva and charge.

Chris Pelliccione with one of the
plug-in electric vehicles they hope
fgrevoludaniza wieh the L The technology aims to make all-electric
Argonne “nanoelectrofuel” flow

battery technology they are cars a more viable choice by allowing

Anvenlanineg | Dhata canrdncs TTT - —
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News Clips

MIT
Technology
Review

| ﬂ MEWS EARALTSIS - | FEATURES WIEWS LTI LD, DS 0N TORES FOPULAR: 53 ECLUSHVE  BOEOT HELPERS

Wanl lopo sd freeT

EKEREY NEWS: W COMMENTS

A Battery with Liquid Electrodes Can
Be Recharged or Refilled

BEOa00

ARPA-E iz funding several projecis that use quid battery electrodes to cut costs
andincreaseanargy dansity.

rechargestic fucd™ — elecirades in bquid form. The resul can Be cgher WHY IT MATTERS
recharged Ike a camvertional batiery or replaced By pumpnsg in now

fuel ke gescline.

The materias cauld thearctizally aliow an chectric car b travel 530
Frikss o & charge, fee fimes fartner Bhan most clectri vehicles can
o, Say 1he rescarchers doyeloping the iochnology, wha e based at
#rgorne Mational Laboratary and the llinaks instfute of Technology.
Reslacing them at 2 fucling station would take just 5 few mintes. In

5 far comvenbicral batteries

canrast, cven the tastest charging statiz

1ake an bour ba provide a full charge

Hatary bunler: S porne
alnorsd Lbuidiony Limried driving range and king recharging 1imes ans fwa of the biggest challonges far clectric

cars. Liguid katery e

o could allow kanger rnge by increasing the amound of crergy

baHery packs can storc, and becausc fower nan cnorgy sioning componciis would be necded,
i could aisn make them cheaper.
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