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\\ CHANGING WHAT'S POSSIBLE

Technology-to-Market

Activities beyond the purely technical

SUE BABINEC
January 29, 2014

SPECIAL THANKS TO T2M MEMBERS/PD llan Gur & Mark Johnson



Topics

» Summary of “T2M” goals & approach
» A Few Historical Perspectives
— Follow-on Funding

— Project / Scale-up Scoping

» Tools & Resources — a list
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Transformative & Disruptive Technologies
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http://upload.wikimedia.org/wikipedia/commons/5/56/FardierdeCugnot20050111.jpg
http://upload.wikimedia.org/wikipedia/commons/7/71/1885Benz.jpg

Heilmeier's Catechism* as our guide m

Bringing Transformative & Disruptive
Technologies into the Market Is
More Complex than with Existing Technologies &
Known Learning Curves

Especially for Energy!



Next 30 minutes: clarify, restate, emphasize our “T2M” approach

Inspire you using logic

» We do not follow-on fund, but we help/guide you towards it. Begin planning in far in advance.
- EARLY
- EARLY
- EARLY
» ARPA-E transformative technologies are defined as at/below existing cost. You need to think
- COST
- COST
- COST
— Techno-Economic Modeling is your friend
» Cost effective manufacturing & product design — great opportunity for innovation!
— UNDERSTAND
— ENVISION
- EXECUTE

Qi Qljki"@' January 28, 2014
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Technology-to-Market

Technology >

Cost / Performance Modeling
“Value Proposition”

Suipuny
Ay1adoud |enya||oiu|
weaj

Value Proposition Definition:
A quantifiable benefit offered to a customer.

\ilblj\i"e
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Key Activities for RANGE Teams

Year 1l Year 2 Year 3

Research & Development

Market Engagement and Cost-Performance Analysis
“Value Proposition™

IP Strategy & Implementation

Team Development

Next Stage Funding

CHAMNGING WHAT'S POSSIBLE


Presenter
Presentation Notes
Answering this question (of cool technology to scalable technology) is part of your award. This is part of your mission as an AMPED awardee.


Patent Protection

» Patents now go to “first to file”
— Timely filing is critical

> ARPA-E supports $30k for patenting
— Typically out of T2M budget

» Patents are an important part of business development & risk control

» Please see us when issues arise

M ;)I JCi- '\'-'vh January 28, 2014
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Techno-Economic Modeling Requires a
Product Concept

HOW DO YOU GET AN INITIAL CONCEPT
EARLY IN A PROJECT??

FIRST — NEED PROOF OF CONCEPT

‘i'%)‘i"@ January 28, 2014
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MARKET: Technology — Products — Markets
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From: NCSU Technology, Entrepreneurship,

Commercialization Program (2009)



First Markets for Transformative Technologies:

transformational

—High-value
—Smaller- volume applications
—Market servable today

First Markets: Learn while generating revenue

cost / performance

Mass Markets:

—Lower price requirements
—Larger-scale applications
—Market in development

existing
learning curve

new learning
- Curve
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“UNDERSTANDING THE MARKET - MARKET ENGAGEMENT”:
Getting past the Standard Interaction

O TN N N R R RN R R R R N N R R R R R R Ry,

l’ \\
! Hey check out my super- E
i expensive, unreliable gadget !
I that we cooked up in lab and i
i have no idea what to do with! |
\ /

——————————————————————————————

What they
hear:
Hey check out my new
BATTERY that can solve
all your Problems!

Lab Researcher

il [ plal </ /\
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——————————————————————————————————————

I’m trying to be polite. Actually, you

haven’t told me enough to have any
clue of how interesting this is for me.

—————————————————————————————————

What they
= really mean: N

Interesting!

—~ OEM R&D Engineer

/\
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Getting past the Standard Interaction

Working toward shared goals

How do we go from
cool technology to scalable products?

- <5

¥ Q

Lab researcher —1 OEMR&D Engineer

Qi Q| )\i'e /\ /\ 12
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Developing Scalable BATTERY Technologies

YOUR RANGE TEAM CAN HELP
\
Ping Liu — Career in Echem & Batteries / PhD on graphite anodes

John Lemmon: Science & Technology Development & Scale-Up at GE
Echemical Generation & Storage: GE & PNNL

Aron Newman: Argonne National Lab, Physical Sciences & Eveready Battery

Sue Babinec: Science & Technology & Scale-Up at Dow Chemical
Technology Director at A123

Discuss Strategy Often — during Quarterly Reviews . . . .

A A ———

CHAMNGING WHAT'S POSSIBLE
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Cost-Performance Analysis

> EXxpectations
» Customers do not expect a perfect cost model
» Customers do need reason to believe value outweigh costs

» Work in Phases as Technology Develops

Technology Development

Early R&D Prototyping Demonstration

Cost-Performance Analysis

: Preliminary Cost Detailed Cost

QrpQa-e

CHAMNGING WHAT'S POSSIBLE

14



Techno-Economic Modeling:

Limiting Impact of Technical Uncertainties by Financial “sorting”

6 months in the lab/market can save you 2 days of TE Modeling

Inherently Challenging and Interdisciplinary

Based on a Cost/Manufacturing
Model but More than a “Cost
Model”

Connector of Research Outcomes
— Relevant Economic Factors

Not to be Outsourced — Key
Decision Making tool for the team

CHAMNGING WHAT'S POSSIBLE
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Technical Maturity &
Market/Product Knowledge

15



Manufacturing, Economics & Customer Needs

> Manufacturing
» Adam Stooke
» 12M team

» Cost / Performance
» Dr. Elizabeth Santori

Qrpare
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Economic Modeling for Technology

Full Company Financial Model

Cash flow, dynamics Production Cost Model

of ramping _
production and Determine

varying sales, resources required Basic Materials & Process

investments timing for at-scale
production
Bill of Materials Simple block
Similar information Tabulate (BOM) — list of diagram of

for other projects . i : " :
Competﬁ] glfor material/component ingredients production steps

resources flow, labor & energy
use, equipment, etc

Most performers begin with a basic
form of “Production Cost Model”

AR
Qi Ij‘i"@ March 24, 2014 CostModeling 17
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Cost & Value

» Production cost (necessary but not sufficient by itself)
+ Willingness to pay (customer value)

-> Value creation potential of product

A
I E— - E—
i WTP }Consumer
N \éalu? d < Surplus
a reate :
3 Price | producer
i Surplus (Profit)
— ~

Cost

Gl I)\i"@ March 24, 2014 Cost Modeling

CHAMNGING WHAT'S POSSIBLE

18


Presenter
Presentation Notes
So cost can be reduced, resources can be deployed to have the most impact on reducing cost, profit can calculated and maximized.


Cost Modeling Enables Research & Development

> Model integrates many variables/calculations 4= 3
together for holistic consideration e

\7

_.> [ $$>R&D>$$

» Easily test scenarios / update with new cost

Materials Costs

iInformation
RO

» Communicate results with stakeholders
— Internal: R&D, Management, Marketing
— External: Investors, Customers

09 10 11 12

TV W
Qi I)\i"@' March 24, 2014 CostModeling 19
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Modeling Benefits, Despite Uncertainty

» Common concerns:

“too early!! . . . .There is too much uncertainty
to calculate exactly how profitable this e
company/product would be.”

» Modeling still beneficial: - toowrP
— Make uncertainties explicit .
— ldentify most valuable improvements —
— Develop targets, metrics B
— Bound with theoretical limits a)st

— Create thought framework for reducing
uncertainties

i "D\im"':'h March 24, 2014 Cost Modeling 20
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Presenter
Presentation Notes
Another benefit is to determine which cost drivers are not quantified with much certainty, then work to understand them better


Template Worksheets

# Sheet Name Description
1 Process Diagram “Hand-drawn” block diagram
2 Results Summary Displays key model inputs, outputs, essential analysis

Production Model & Step_—by-step calculations: materials, labor, and production
3 requirements (core of whole spreadsheet)

OpEXx

4 CapEx Building, equipment, tools, etc.
5 Product Performance  CerrTarce metrce e o precucion el fposbe
6 Financial “Fully loaded” product cost, price, margin, payback period
4 Cost Analysis Sensitivity analysis, step-by-step breakdown, scaling
8 Mass & Energy Supporting calculations regarding materials and processes

Qrpare
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ESSTIMATING SCOPE**: BUILDING ABATTERY FACTORY:
Taking a concept to prototype might cost ~$10 million.
Taking the prototype to production can cost ~$100.
Building a 1.5 GWh per annum facility can cost ~$300-450 million.

Technology Development Gantt — Aggressive Timeline

Develop prototype cell
~$10m Testing and production trials

~$100m

Scale up production

$300-
450m

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Proprietary and confidential information

QPG E@  * Greg Callman ARPA-E 2012
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Presentation Notes
Disclaimer: Use of information, data, and analysis referenced or included herein is at your risk.  The Advanced Research Projects Agency – Energy and the U.S. Department of Energy do not make any warranty (express or implied) or assume any liability or responsibility for the accuracy, completeness, or usefulness of the information and data contained herein.  Reference to specific estimates, figures, charts, graphs, persons, entities, publications, articles, processes, locations, or marks does not necessarily constitute or imply their endorsement, recommendation, or favoring by the U.S. Government or any agency thereof.  Information and data referenced herein may be subject to use restrictions.  The views and opinions of persons and entities referenced herein do not necessarily reflect those of the U.S. Government or any agency thereof. 



ARPA-E TE Model: cost/Performance Model for Elow Cells Example

» Developed at ARPA-E - Dr. Elizabeth Santori
— Incorporates available cost information — from PNNL cost-performance model
— Uses simplified electrochemical model
— Avalilable to interested performers (with some caveats)

» Starting Point in analysis

— Not validated — does not claim to calculate the true cost — focused on
enlightening and educating the experimentalist

— Does include dominant Capex costs, but not Opex
— Does include Nernstian and Butler-Volmer behavior, with approximations
— Adaptable for many chemistries

» Sensitivity Analysis Uses
— RESEARCHER: what is most important, what to attack first?
— ARPA-E: Uniform approach — scenario analysis
» Apples-2-apples comparison between chemistries
» Understanding common sensitivities, e.g. current density, membranes, etc.
Qi b'l )\i“e January 28, 2014

CHAMNGING WHAT'S POSSIBLE



®)

Sensitivity Analysis: Cell Voltage and Current Density
Membrane Cost and Current Density

0.2 025

Current Density (Afcmz)

Cost of membrane: $5-500 m=

E°cell: 1.5V

E° cell: 0.9-2.3V

(membrane = $500/m2)

CHAMNGING WHAT'S POSSIBLE
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Presenter
Presentation Notes
Example of contour plots


Frame costs in terms of GRIDS goals: $ kWh

e out
$0.50
$0.40
$/kWh,,
g, $0.30 —0.04
==0.06
53 $0.20 —=0.08
$0.10 - 012
. 80% RT,,
$_ T T T T
0 0.1 0.2 0.3 0.4 0.5
Current Density (A cm)
$/kWh,_ $/kWh
_ in system, ot
$/kWh, = o + o
off ycCles
| ] | ] | )
1 i I
Cost of final  Cost of fuel Cost of system
electricity $/KWhgygiem includes RT
efficiency, DOD

Qrpare
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Presenter
Presentation Notes
Pretty much showing the RT efficiency is important


Looking Forward

LOOKING BACKWARD

- Value Chain Lessons
- Funding of Previous Performers

‘i'%)‘i"@ January 28, 2014
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Value Chain — Energy Storage for Transportation: Despite the number of
players, the market appears to prefer upstream specialization and downstream integration

Designed Materials Cell Manufacturing System Development & Installation

System
) Integrator /

Raw Packaging ,
WEIEHES Electrolyte,

Active (Coated) . Battery

(global) Separator Materials Electrodes | OEM

We put together a relatively in-depth overview of value chain and
recent market dynamics - US and Global.

". .I = ‘ 0‘
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Value Chain Scope, Investors, Timing — Risk

Fast growth & broad scope can give rise to complications such as time spent in
financing activities, manufacturing problems/cascading errors & increases in fixed costs,

Rapid manufacturing ment vs. Time

expansion fueled by ready
money & misunderstood |
customer needs/demand\/\; ——

_ Raw : o
51,200 — Materils E"dckaglmg, Adive (Coated) _ System
[obal polie, Materials
$1,000 — — — (global) Separator :
$800 -
$600 - Company A

Cum Capital Investment (I\I

$400 N
$200 l Company B
o = = o L ARNE _

?ooq c?aos 2006 ?00) -?goa 2009 ?010 ?011 ?gl? ?013

Company A filed for Bankruptcy, Company B remained viable

Gl Dl e N(C
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Follow-on Funding

» What do you want to make/provide next
— Who wants it and why — what is the problem solved
— How much will it cost to manufacture
e Capex
e Opex
— How much will you gain — who are the customers

» What are the risks?

M ;)I JCi- '\'-'vh January 28, 2014
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Strategic Investor*?

ATTRIBUTE FINANCIAL VC CORPORATE VC
STRUCTURE Par'Fn_ershlp shared Bureaucracy - committee or autocratic decisions!
decisions - can be very slow
Return on capital to Keep the enterprise going!
SR Partners, Limited - do no harm!
DIRECTIVE ' ) : .
- new internal business
Rationally manage risk! Take no risk!
RISK - shared risk, shared reward! - no shared rewards
- syndication
Defined pool from Limited Partners! Investment on case-by case basis!
CAPITAL - General partners participate! - consent/capital from
- defined limits on each investment operating businesses
. . . |
EXPECTED Rgturn _on cap_ltal. New o_r additive business development!
OUTCOME - financial business ! - acquire at lowest value!
- divest at highest value! - little interest in financial returns
. | . |
BOARD ROLE Specified in term sheet! Specified in tgrm sheet!
- preferences, control - controlled, limited
FOLLOW-ON Yes if sensible Capricious!
INVESTMENT - changes with authority in corporation
Business, company development! - technology possibly (should be understood before
- fi i I i I
VALUE ADDED flnan0|§1l network! investment)!
- executive talent! - market access
- capital raises

Nick Darby: Darby Associates

Nl NS
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Tools & Resources

1. Cost & manufacturing analysis — ARPA-E

1.
2.

Manufacturing
Flow Cell Cost/Performance

2. Automotive-specific cost considerations

1.
2.
3.

Fleet standardization of components
Regulatory
Warranty

3. National Labs and DOE VTP

1.
2.
3.
4.

Argonne National Lab (ANL)

DOE Vehicle Technologies Program (VTP)
National Renewable Energy Lab (NREL)
Oak Ridge National Lab (ORNL)

4. Scale-Up Test /Validation Options

1.

A A

National Labs - Argonne & ORNL

University — University of Michigan Energy Institute
State- NYBEST

Carederock

Private — Xalt Energy, more to come (?)

F\iilgljki“@ January 28, 2014

CHAMNGING WHAT'S POSSIBLE



Innovation

People creating value through the

Implementation of new ideas
 Herman D’hooge, Intel
* [nnovation Network

Qarpa-e
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Back up slides

Qi@
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_.andscape of XEV Resources from the DOE

4 N\
CaB Drive
) Profiles (] Infrastructure
()@@ D Vehicle Model ] Market
(D « Battery Pack Assessment
(] » Thermal
, ) Vehicle
) + Degradation — Optimization
(T2 « Costs )
CJ ANL
C )@@ Policy and
; ;);;I_L &80 Regu)llation
3 VTP 5 Cost of
@m Ownership
\_ _J

Gl 5. e N(C
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OAK ORNL xXEV Modeling Tools

RIDGE  ORNL has expertise in modeling the interactions between
National Laboratory technology, infrastructure, behavior, policy and market.

Projected combined sales of BEV and PHEV 100% 50% - NOP=Non-optimality Premium r
12 under different scenarios of achieving DOE 0% B
10 technical targets for vehicle components 80% 30% - -
70% | ¥
-9
% H
. 60% WHEY 10% - -
g 50% ! BP10 g5 )
25 40% = P20 B o | L
= = -8 200
E 30% — =)
4 BP30 2 - 400
20% [T
0K BP40 - g . - 600
’ 0% o= | 2 - 800
0 90%  100% 110% 120% 130%  140% - - 1000
2010 2020 2030 2040 2050 (Baseline) 50 75 100 125 150 175 200
Range Extension from Charging in 100% of Daily Usable Battery BEV Range (mile)

SED PHEV Calculator

+oo Annual - - My Selections
S = 36550 f(xe)dxe n Un?x;:n_ected Distance Z Gasoline  Electricity Total 3 Yehicle ¥
Re :". Variation, (w,0)=(70,4) é Lo
Expected Daily |} a FuelCosts  $110 $477 4587 rivea...
1
Distance, I Z 2012 Chewalet Valt -
(1,0)=(40,20) r 5 Miles 1,007 10,903 12,000
E = 365E[} P(fd ‘H.’ [ Unexpected Range 2 5 miles ™
\. ! 1 Variation, (u,0)=(100,20) £
P =~ “ o FuelUsed 30 gallons 3,974 kiwh - 5 Charging N
AE—
=] —_ Average number of gas station visits per year: about 4. [ Prices L3
D 365D0Ped (1 Pe) 0 50 100 150 200 ! ! e
Driving Distance or Range (mile} Recalculate Start Over
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OAK Summary of ORNL Areas of Expertise

RIDGE Applications of ORNL analytical tools generate insights about drivers
National Laboratory and barriers of the PEV market, at both system and component fevels.

PEV value and travel pattern characterization

— Lin, Z., Dong, J., Liu, C., & Greene, D. (2012). Estimation of Energy Use by Plug-In Hybrid Electric Vehicles: Validating
Gamma Distribution for Representing Random Daily Driving Distance. Transportation Research Record, 2287(1), 37-43.

— Lin, Z., & Greene, D. (2011). Predicting Individual Fuel Economy. SAE International Journal of Fuels and Lubricants, 4(1), 84-
95.

— Lin, Z., & Greene, D. L. (2011). Assessing Energy Impact of Plug-In Hybrid Electric Vehicles: Significance of Daily Distance
Variation over Time and Among Drivers. Transportation Research Record, 2252(1), 99-106.

Optimal vehicle design and consumer preferences

— Lin, Z. (2012). Optimizing and Diversifying the Electric Range of Plug-in Hybrid Electric Vehicles for U.S. Drivers. Internationa
Journal of Alternative Powertrains, 1(1), 108-194.

— Lin, Z. (2012). Battery Electric Vehicles: Range Optimization and Diversification for U.S. Drivers. Paper presented at the 91st
Transportatin Research Board Annual Meeting, Washington, DC.

Charging infrastructure—needs and impacts

— Dong, J., & Lin, Z. (2012). Within-day recharge of plug-in hybrid electric vehicles: Energy impact of public charging
infrastructure. Transportation Research Part D: Transport and Environment, 17(5), 405-412.

— Lin, Z., & Greene, D. L. (2011). Promoting the Market for Plug-In Hybrid and Battery Electric Vehicles: Role of Recharge
Availability. Transportation Research Record, 2252(1), 49-56.

Integrated analysis of PEV market and societal value
— Lin, Z., & Greene, D. (2010). A Plug-in Hybrid Consumer Choice Model with Detailed Market Segmentation.
Paper presented at the The 89th Annual Meeting of Transportation Research Board, Washington, DC, January 10-14, 2010.
— (Working) Impacts of DOE technical targets on EV’s demand and environmental impacts
— (Working) Sensitivities of EV demand to consumer preferences, energy prices, and range value

Gl 3.‘.3\]“'3‘
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Modeling Li-ion Battery Performance and Cost: BatPaC

» Modeling real-world battery
packs from bench-scale data
— Prediction year 2020
— Total cost of battery pack
— Mass and volumes

» Battery Is designed based on
pack requirements and cell
chemistry performance

=

‘ﬁl . gl j\ i . e

CHAMNGING WHAT'S POSSIBLE

Vs
\

)

7000
M Total cost to OEM
B Mass

D
o
o
o

N
o
o

Volume

(O]
o
o
o

4000

3000

- 100

2000

- 50

Total cost to OEM, 2010 SUS

=
o
o
o

Battery mass or volume, kg or L

o . T T 0
HEV PHEV40 EV100

= BatPaC model used by U.S. EPA
and DOT for 2017-2025 light
duty vehicle rule making

= Support from DOE EERE VTP:

Dave Howell, Peter Faguy, and Tien Duong

= Available free-of-charge from
Www.cse.anl.gov
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Presenter
Presentation Notes
BatPaC predicts the cost to the original equipment manufacturer (OEM) and size of a Li-ion battery pack being produced in year 2020 (high volume and competitive market place). The batteries modeled are not “futuristic” but have allowed for some reasonable engineering advances. The manufacturing costs are based on a theoretical production facility that scales individual process steps depending on battery performance and production volume. The solution is based on efficient calculations, but still captures limiting physics in electrochemical cells. As part of the EPA vetting process, BatPaC has been subjected to a public peer-review by industry experts. 


Modeling Li-ion Battery Performance and Cost: BatPaC
» BatPaC is based in Microsoft Excel® and may be modified to
meet individual users’ needs

» Existing BatPaC capabilities includes six Li-ion chemistries, liquid
and air thermal management options, uncertainty calculation, etc

4 N
. j ¢ v
lterate Over Governing Egs. Battery Pack Process cost = Baseline cost - (3 ’;T“essmg e )
& Key Design Constraints Components e pToceRTa T
Volume Electrode Materials Elet::ude . thﬂear‘llt '.'.'.J'.',‘SDI‘VErIl Electrod
. Preparation Coatin vaporation COV ectrode
» Cell, module, & pack format Receving to | Poste e oo ot i
. . « Mass Negative Negative Negative Calendering Vamu?n
* Maximum electrode thickness M | = — = o Drying
+ Materials . i
* Fraction of OCV at rated power _ B asoonity | Laboratory A —
* Heat generation Shinoing | o Testing =
\ ) Pping Module MateriaIsE losi I nt
T S Assembly Formation Handling r:;:e‘ljlsilnng Cnl:I:;;nr
. . Lo A Cycling Container |  Wvelding
Governing Equations I - I o
S C ASI o | e | Co ot cictoyering
- Pack specifications E:N'C'[UEE 4 E} i = = A e
===2- Assembly Route Dry Room ;:,t:l;};r:z;%:;
- Power and energy (range) B C
- Number of cells Gepoe
F P
- Cell Chemistry D 7] ([ Total Costto OEM
F
AP i . .
- Area-specific impedance (ASI) ST P » Materials & purchased items
. . A= £ ..
- Reversible capacity Cf3 N.© )E{V}[l VB » Individual process steps
Nisd R
. I U . .
- OCV as function of SOC - Overhead, depreciation, etc.
- Physical properties ASI = %f(f) + B k. Warranty y

Gl 5. e N(C
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NREL’s Battery Ownership Model (BOM)

» Objective: Perform accurate techno-economic assessments of HEV,
PHEV, and BEV technologies and operational strategies to optimize
consumer cost-benefit ratios
o r_-,
Other Accounting

100 city-specific
climate histories
aggression profules Ambient Inputs:
Radiation * Cost of gasoline
317 real-world, = -' *Cost of electricity
year-long trip | ' “k = Cost of vehicle

histories Ny - Cabi components
S . = Cost of

Qrad

Advanced vehicle unachievable travel

simulation includes full . Ta?‘es .
) . ) . =Purchaseincentives
drivetrain consideration,

<SS -
' ) = Loan parameters
E—— Battery electrical cabin thermal model, - Driver discountrate
) Py ) P and thermal models HVAC system, and more. - Etc.
simulation
o %—'?&H”‘-‘ e Accounting:

lmid cyclable lithium

degradation and . -
- aooom "".‘,“'R“n.'zi;“m Economics, mileage,
fuel use, greenhouse

gases, etc.

e R=a, t‘“ + azN
Range estimation :
algorithms inform Hi-fi battery

travel decisions wear model

CHAMNGING WHAT'S POSSIBLE



EV Everywhere Analysis Process Flow,

In three steps...

1. DOE experts define the
bounds of technical
possibility for technology key

metrics
*  90% “low progress”
scenario

e  50% “mid case” scenario
 10% “high progress”
scenario

2. Define virtual vehicles in
Argonne National Lab’s
Autonomie modeling and
simulation software

3. Compare vehicles in a 5-year
simple payback framework
within bounds defined by
experts

\ilblj\i"e
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Vehicle
Technical
Specifications

@ Component & Vehicle Assumptions R
Veh Classes Timeframe _ Powertrain Fuels Uncertainties
: Current ! . Gasoline 0
ﬂ a 2015 !@u m l Diesel & /K
& 2020 1 é h ‘4’ Hydrogen 1 0%/ 0%

Vehicle Definition & Simulation
Sizing Simulation

ITONOMIE |

(

Vehicle
Consumption,
Manufacturing

Cost

Results Analysis & Cost Be_nefits Calculation

Midsize Car

! -
i TR !
0, % y
7 15 1 08 ViE I} oq
A igakors 00m ) 3 s

%
15

Levelized Cost
of Driving

40



Analysis: 2022 Midsize S| PHEV40

Power electronics and motor | S/kW 7 _ 13

Energy Storage | 3/kWh 200 [J225' 250

Lightweighting % wt reduction 27 -7

I I 1

$0.45 $0.46 $0.47 $0.48 $0.49 $0.50
Levelized Cost Per Mile ($/mi)

41
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Analysis: 2022 Midsize AEV300

Power electronics and motor | S/kW 7 I 13
Energy Storage | 3/kWh 125 |75 250
Lightweighting % wt reduction 27 q4 7
T I I T |

$0.00 $0.20 $0.40 $0.60 $0.80 $1.00
Levelized Cost Per Mile ($/mi)

42
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A Positive Program Outcome / Goal:
Tap Potential of US Manufacturing

“The U.S. as One of the Developed World’s Lowest-Cost Manufacturers:
Behind the American Export Surge” Boston Consulting Group (2013)

— Great Productivity Adjusted Skilled Labor ‘
— Low Energy Cost n !

— Low Export Shipping Cost

")
Inflection Band
Exploration l. Exploitation
Commercial
Production
Scaling Production i

Demonstrating =~ =~ e

Viability Distribution
--------------- Stabilized Design Continued Cost
Creating Establishing Learning by Building GCost Reductions
o SR | s IMpoOrtance of Clusters, Knowledge Growth
o High Yield Improvements . . .

Ideation System Integration Scale Economies Maturing an d S Cal I n g I n M an U faCtu rl n g -

Ml ilely Pilot Scale Need to Raise Technology . .

research

_ Additional $50-150 e M I T P d h
Prototyping .I:flarl'(et_Teftlr-w? Miltion for Capital Positive Cash ro u Ctl O n I n t e

Eor i Plant
Need to Raise (T2

P || et Innovation Economy Group (2013)
) -

Knowledge Exchange

Lester and Hart (MIT, 2011)

QrpPQ-e@
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ARPA-e Energy Summit

» Monday/Tuesday/Wednesday February 24/25/26
— DC area
— Great Community building & networking
— Many opportunities to connect to follow-on partners

» This is a great opportunity to move project forward — prepare!
— What are your goals going in?
— What message do you want to push at your poster
— Who do you want to meet — arrange in advance

QipQa-@e
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