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Rewiring the Sankey Diagram

Estimated U.S. Energy Use in 2012: ~95.1 Quads |\ i Iﬁaa\{\{gg?ﬁg&?gt?&e
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http://www.utk.edu/

Biofuel vs. Petroleum

Biofuel
CO, CO
N7 1«2
Grown =» Processed = Burned
N7

$ coproducts?

Surface land use: ~100%
Process up time: ~25%
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Petroleum

Co,

()
Extracted = Processed = Burned

$$ coproducts!

Surface land use: <<50%
Process up time: ~100%



FOODORFUEL?

Nearly a billion people will go hungry tonight, yet this year the U.S. will turn nearly 5 billion bushels of
corn into ethanol. That's enough food to feed 412 million people for an entire year.

DOIMG THE MATH SOURCES

5 balion bushels B bushals of com 450 pounds of com supplies enough calonas for ona person for a year
[enough calorias to fasd a parson for a year) = {httpoifanww. foraignafairs. comsrticles A260% - ford-runge-and-benjamin-sarauerhow-biofuals- could-starve-tha-poar]

sufficient calonas o support 425 million peopila, ({ |'-""‘.---"i ) )

minus gna-third to acmount for distiller’s grain About 5 billion bushels of ULS. com production is siated for ethanol production
[DDG) = 412 millicn (Fitpefwww.usda.gowocacommodity'was dalartast pdf) P P -
= i resourcemedia
B bushels of com (feads a parson for a yaar] Ona bushal of com produces 2.7 gallons of athanal
X 27 gallons of athanol par bushal {Purdisa Extansion, “How Fual Ethanol is Made From Corn,” hetpeffewsaxtension. pundue adu/axtmadia 0 0. 328 pdfy

21.6 gallons of athanol par bushal




What really happens: Food AND Fuel!

s Green Plains

CORN alllee— RENEWABLE ENERGY, INC.
CORN STORAGE MILLING MASHIN FERMENT'UﬁtaHrom[?ﬂﬂgElO-KEdinEthousands)
P - Grossiprofitifloss):
Ethanol®roduction SHFTY, 895)
m Cornilroduction SmmB2,388
— ——Agribusiness SEMB5,973
Marketing@nd®listribution SHHB2,362

DISTILLATION  CENTRIFUGES ) YEnérntersegmebrﬁ'i?b"mmat'ons ?

otal  pisTILLERS SIB6,771
Sy, GRAINS (DDGS)
A 2
~ —]
— —]
s
(Ill‘l‘\\ Jable 1. Compasifion of Corm
Percent (average)
MOLE( Component Dry Matter
EV=< e
Carbohydrates (total) 84.1%
Starch 72.0%
Fiber (NDF) 9.5%
Simple Sugars 2.6%
rotein 9.5%
0il 4.3%
Minerals 1.4%
Other 0.7%

(from Corn: Chemistry and Technology, 1987)
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What’s next after PETRO?

» PETRO
— Improving Energy & Carbon Flow via engineering biology
— Sole metrics: Cost /Energy in fuel product, cepreducts

» Other Approaches:
— |IT-enabled “Precision” Agriculture
— Component Improvements
— Rethinking the System

Ny

10% improvement of land use
based on geometry alone!
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Can tobacco be an
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Plant Biotechnology Journal
24 OCT 2013 DOI: 10.1111/pbi.12131
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http://onlinelibrary.wiley.com/doi/10.1111/pbi.12131/full#pbi12131-fig-0002
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Storage: Cornerstone of Grid and Vehicle

Grid Storage:
GRIDS
@ COMMERCIAL & INDUSTRIAL DIStrIbUted
BUSINESS CONSUMERS Generation
Vehicle
1) : Storage:
(F ] RESJDEMW(,:o:suaz‘s;es BEEST
icpn RANGE
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ARPA-E’s Grid Storage Portfolio
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ARPA-E’s Vehicle Storage Portfolio-BEEST

Gasoline practical

________________ Highest theoretical
energy density

4
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Li-air
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Adv Li-ion > ARPA-E
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J
\

Li-ion
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> Commercial
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Cell energy density (Wh/kg)
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ARPA-E’s Vehicle Storage Approach-RANGE

RANGE System/cell
Approach constant = 1 System
__________ f _________________,_,,._______’_’_’ ol

Multi-functional ®

”
design _~%Improved - s
- controls_ - ;(\e@l
. - N T,\'\g‘(\e(
Robust chemistry/ 7 _-
-~ -

architecture
innovation

100-125 $/kWh
1000 cycles

Energy Density of Battery Chemistry/Cell

Energy Density of the Battery System

Focus on system optimization led to novel EV storage approaches
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RANGE Program Portfolio
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Requirements for “One Battery For Everything”
I I Y [

Grid 5000
Electric Vehicles (EVs) 100-150 1000 100+
Distributed Generation ? 50007? -

Low-E flow cells ;
Pb acid batteries Grid

Li-S batteries =~ Vehicle
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Benefits of “One Battery For Everything”
I T T

Grid 5000

EVs 100-150 1000 100+
Distributed Generation ’7 50007? -
One Battery for - < 2007 ::: >> 10000 100+
Everything ~ Ttmeeesset

Favorable economics
=~ T
’ * Viable V2G &ﬁ ‘9

“One For All”
Solution
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Searching For The Ultimate Energy Storage

Most
desirable

Opportunity

AG

‘ Pb-acid

AS
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Batteries That Live “Forever”

Anode for Li replenishment

Negative Electrode

Thermocouple

Positive Electrode
Reference Electrode

Battery

Lithium Metal

&

3.8
100 3.6
34
~ 80 ‘ ; 3.2
£ - 10C charge, 5C discharge > 3'0 PO = 15144 Ah
£ 60 Lo e — R CR— i s 5 P1= 15530 Ah
8 = 28 1|p2= 15840 Ah
8 40 -.‘ .................... - 26 +—{P3= 16309 Ah
24 |_|P4= 17046 Ah
20 Laasaiaas ..................... .................... - 0ol | P5 = 1.7994 Ah
‘ ; : ' P6 = 1.9151 Ah
0 g Vgesy g geageny SRy gk B8 ey ap e P g g g 2.0 +— . . ‘ T T T T
0 5000 10000 15000 20000 25000 - 025 050 075 1.00 1.25 150 1.75 2.00
Q8 pec Cycle index P C/2 Discharge Capacity (Ah)

Zaghib, et al, J. Power Sources, 196, 3949 Wang, et al, J. Power Sources, 196, 5966
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A Unified Generation/Storage Future

QArpa-@
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Electricity 350% A\
Energy Intensity 50% W
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intelligence

Productivity 400% #As

Information
Optimization
Flexibility
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Grid Intelligence: GENI Synchrophasor, - 3
. : 3
3
o
Condition mon. g'
Digital subs.
] Topology contro °
Demand opt. 4
L Reactive P cont. N
Stochastic opt. )
|
HVDC
FACTS =
Breakers =
U.S. DOE, “National Transmission Grid Study” (2002) # DSR %
R Storage =
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Battery Intelligence: AMPED

Internal Temp g.,

Strain 3

Potential =

\. - Chemistry S
L "W 2
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Degradation mode §
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Load prediction 5

Order red. >
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One Battery for Everything

Qi PG
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One Intelligent Battery for Everything

» Integrated sensors

» Power conversion

» Computation, control,
and diagnostics

» Wireless readout

V= Ya W =)
@ |
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Grounding the Flying Car

Dr. Liz Santori
ARPA-E Fellow
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Air travel for short-duration trips

Shorten travel times
» Average speed: >100 mph vs. average city speed ~30 mph

Reduce idling and braking
Direct routes

Potential for safer travel
 |n a collision of 1,500 Ib car vs. 15,000 Ib truck, who wins?

>1,200 ft |

Qi )@
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Move toward automation

Collision avoidance

4

Vehicle-to-vehicle communication

L

Autonomous vehicles

QrpQ-e
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Fly-by-Wire

4

Semi-autonomous
unmanned aerial vehicle

L

Fully autonomous aircraft

34



‘Flying cars’ are cool...
Would they consume much more energy?

FEBRUARY 1951

POPULAR
5 MECHANICS

35 CENTS

MAGAZINE

.Jerrafugia Transition

Terrafugia TF-X - Joby Aviation Monarch

T e
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Breakdown of electric vehicle losses

Accessories
4%

Resistance

Losses
22%

Inertia to
Wheels
64%

NIEE DG Powertrain »
100%

Aerodynamic
EPA city mpg ~ 105 - Drag

65 mpg in heavy summer traffic

Nissan Leaf. Argonne National Laboratory
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Current light aircraft
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Sikorsky

Sikorsky S-333™
« MPG~5
» 2,460 Ibs
e 4 person

Cirrus SR22
« MPG ~ 16
« 3,600 Ibs
e 4 person

Camcopter®S-100 (UAV)
- MPG~8
* 441 Ibs
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Estimation of MPG for VTOL

P 30 mi —>

2 mEmmm—m———— T e s e T e T ETE TR R >
3,000 ft 4 ,
1.2 kwh | =S8

4 l |

c:
C,=C,+—1
P XAR e . .
1 Losses from drag in cruise
F,==rSC,*
2

Key assumptions:

1100 Ib aircraft ~ ngy = 92%

E= mgh ] Potential energy of aircraft
nbattery =97% nprop = 80%

QrPG-@
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Estimation of MPG

Cruise Lift over Drag (L/D)
3 3 14 28

29 ft 36 ft
Cruise power 80 kW 45 kW 28 kW 16 KW
% mgh 5% 13% 20% 35%
N
% weight 94% 38% 24% 15%
battery
MPG 30 80 120 200
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