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2010 Infantry Rifle Platoon
72 Mission Hour Requirement

US.ARMY

PSG/FSO/Medic

11 Battery Types,
1418 Batteries,
Per Platoon,
412-436 LBS for a 72 Hour
Mission

20+ Ibs
per soldier
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Based on 2010 CERDEC/MCOE analysis; assumes BOI systems are carried/worn




Current Recharging Solutions

Traditional Solutions (Generators, HUMVEES)

Not Portable
Large Signature
(noise and thermal)

Renewable Solutions
(Flexible Solar Panels)

Limited Availability (<20%)




Bio-Battery Introduction

High Energy Density

Renewable, Low-Cost Bio-Catalysts

Uses enzymes to convert fuel directly into
electrical energy as opposed to rare earth metals

Sugar in 1 can of soda is equal to
72 AA batteries
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Fuel Flexibility
Runs on multiple fuel sources such as sugatr,
Signhature Free Operations alcohol, and dlesl

Runs at room temperature and neutral pH
No thermal or acoustic signature
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Bio-Battery Background

Multiple Prototypes created and tested

Performance increased 100 X to over 10 mWcm=2

6 months of shelf-life demonstrated from -30AC to +55AC

Demonstrations performed at customers and conferences:  CFORC Biobatery - Performance Improvement

=OOctober 2007
=©~May 2009
—=—June 2011
—+—May 2012

A 0.25 W prototype running on Gatorade and powering
microprocessors, LCD displays and wireless transmitters

A 5.0 W prototype powering an iPhone

Power Density (mW/cm?)
O =2 N W B 00 60O N 0 W

0 200 400 600 800 1000

A Implantable prototype running on sugar in insect hemolymph Voltage (m)

. f
R

" 5mL of Gatorade >100 hrs runtime 5W prototype for powering iPhone Iplanted in betle

f’ Biomedical & Energy
Technologies

GrD3C T

Delivering Breakthrough Solutions




Modification for JP-8

. , _ Work sponsored by:
A Modify anode side of device NORTHROP GRUMMAN

A JP-8 is made of long chain alkanes (C6-C16) =

A Use proprietary first enzyme to convert alkanes into alcohol

i Hexane A Hexanol, Octane A Octanol, Dodecane A Dodeconol, efC

A Secondary enzyme(s), AOx or PQQ-ADH/AIDH, to covert the alcohol

into energy

i Hexanol A release to 2e- and an aldehyde by-product

i Hexanol A release to 2e- and an aldehyde by-product A release to 2e- and a carboxylic

acid by-product
A Additional enzyme i Lyase, to take aldehyde by-product and regenerate
alkane to be re-introduced into the enzymatic cascade.

A Eventually multiple enzymes can release all electrons in JP-8 and only

have CO, as by-product
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Advantages

A Sulfur tolerance T enzymes allow JP-8 to be

used without pre-processing.

A Fuel flexibility - include enzymes for sugar,

alco

A Not

nol, and JP-8

nermal or acoustic signature

A High efficiency (50%) independent of load

GrD3C:
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JP-8 Bio-Battery Value Proposition

vs Generators vSSOFCs

Bio-Battery 70%

Eff (%)
TQG 1630%

% optimal load

A Higher Efficiencies (goal of 7096)
30% peak for generators and 10%

under typical operation
I Bio-Battery efficiency is load
independent

A No noise or thermal signature

A SOFCs need dailfurization
A Increasesystem size 2X,
increase complexity, reduces
system level eff.

A Enzymesre sulfur tolerant; no
need for reforming.
A Lower noise and thermal profile

CrDIC 1
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Enzymatic Conversion of Alkane to Alcohol

Octane+NADH+O Enzyme (AMO) . 1.0ctanol+NAD*+H,O
2 2
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No Inhibition at 1,000 and 2,0000ppm Sulfur

08 | Control
E..
2
Z 02 With Enzyme
007 + 1,000 ppm Sulfur
ozt " 42,000 ppm Sulfur
0 50 100 Ti"-::‘rﬂsec 200 250 200

No inhibition with sulfur
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Oxidative Enzyme Studies

1.2

AOx-modified electrodes

Ethanol
1 4 M Hexanol

B Octanol

4{ mDodecanol

Current Density (mA/crf

Substrate Concentration (mM;

Ethanol
y=0.3863x+0.011
R2=0.9723

Hexanol
y=0.3796x + 0.035
R2=0.9669

Octanol
y=0.4804%0.0117
R2=0.9725

Dodecanol
y=0.083x+ 0.00
R2=0.9658

AOxconverts C2, C6, C8, and

C12 alcohols to energy.
Lower eff. for C12 process.

Current Density (mA/cm?)

1.1
1.0-
0.9-
0.8-
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0.0

0.1

Ethanol/AOx
Hexanol/AOx
Octanol/AOx

Ethanol/PQQ-ADH/AIDH
Hexanol/PQQ-ADH/AIDH
Octanol/PQQ-ADH/AIDH

T T T
0.0 0.5

T T T T T
1.0 15 2.0

Concentration (mM)

AOx¢ single step oxidation of
alcohol toaldehyde
PQQADHAIDHc multi-step
oxidation of alcohol to
carboxylic acid.
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Cell Volta

JP-8 Fuel Cell Studies

435 8

m 0.2 mM Triton
1 = 0.5mM Triton
B 0.9 mM Triton

—43.0

425

A Power Density: ~3mW/ctn
A Max current: ~15mA/crh
A On Par with Glucose Tech.
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Cell Voltage (mV) vs. Ag/AgCI

JR8 straight from Army motor poo
produces power without de
sulfurization
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5W Prototype 1 15-cell graphite stack

Power (W)

T T I T I T I T
0.0 0.5 1.0 1.5 2.0
Current (A)

A Designed and fabricated graphite bipolar plate configuration
A Stack provides 5V at 1A (5W) with glucose fuel

A Fitted with USB connector and demonstrated  powering
electronic devices and recharging an iPhone
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Use Scenarios: Soldier Portable Power

Al

J
w
a1

(@)
= % :Eﬁfé’jt?ery (today) / Example 100hr Mission:
f'_? -5 || ==Bio-Battery (future) / SINCARS Radioc 1,600Wh
=, e DAGR GPS ¢ 400Wh
c : .
g 15 s Misc devices ¢ 1,000Wh
U>)\10 //
T TOTAL ¢ 3,000Wh
o °
|_
° 0 1000 2000 3000 4000 5000  eo0o DlO-Battery provides >15kg of weight saviny
Energy Required (Wh'

AFor mission were >1,000h of Energy are required the
Bio-Battery offers advantages in total mission weight.

=
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Use Scenari os: NG replacemela

2 o0 | —Diesel TQG Example 100 day Mission:

E 100 | —Bio-Battery (Today) 2kW TQG ¢ 81kg

<) 000 -=Bjo-Battery (Future) Average Eff C 20%

= 1600 2kW for 12hrs ¢ 24kWh/day
£ 1200

S 400 TOTAL ¢ 2400kWh
0

>

G 400

Bio-Battery can provide 80% savings in
0 20 40 60 80 100 120 JR8 fuel consumption

Mission Duration (days)

AAfter just 10 days the BiBattery system can save 150kg of
total weight (system + fuel) and 250L o8P

AFor 100 day mission the weight saving is almost 2,000kg
AAdvantages in low signature exist from day 1

Biomedical & Energy
$ Technologies
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System Design

A RevO0 version of fullintegrated unit
(Revl will be ready for field trails).

A Components:

5V/5W BieCell

T
I 1L Fuel Tank
:
[
|

Low power pump (mb)

- Power Manager (VPM)
' Buffer Battery (-80)

A Size:
I 30cm x 30cm x 15cm (13.5L)

6.5kg

A Performance:
I Total Energy in 1L of 1M glucose: 55 A

A Recharge smart phone 20 times
A With complete enzyme cascade

energy increases 1% 200 smart
phone charges
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