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RADM Nevin P. Carr

Chief of Naval Research
October 14, 2011




12%

* UIS S&T database; World Bank - PPP data

** OECD 2010 PPP; 2010 Global R&D Report (Battelle)




M’IRMR*”. Releramt Reculis

80

TO [ P
Business

60 [+ N

SI0) | rememeememomememm et s eEmegRfeeicooeonceoioonccsesosocoeioioiesonciaae e
Percent

A0 [ Rederal NG
Government
SO | QLT

200 [+

0T e T

1963 1968 1973 1978 1983 1988 1993 1998 2003 2008

Source: National Science Feunadation; Division of Science Resource Statistics;
Science and Engineering Indicators 2010




h-&»m-p Rowoarch . . . Relevarnt Beclis
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> Energy Efficient Acquisition: Evaluation of
energy factors are mandatory when
awarding contracts for systems and buildings.

> Sail the "Great Green Fleet": DON will
demonstrate a Green Strike Group in local
operations in 2012 and sail it by 2016.

» Reduce Non-Tactical Petroleum Use: By 2015, DON will reduce
petroleum use in the commercial fleet by 50%.

> Increase Alternative Energy Ashore: By 2020, DON will produce at least
50% of shore-based energy requirements from alternative sources;
50% of DON installations will be net-zero

> Increase Alternative Energy Use DON-Wide: By 2020, 50% of total DON
energy consumption will come from alternative sources




Encourage Maximum Use of

Renewable Energy
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Broad
1-25 years

Discovery & Invention
(Basic and Applied
Science)

3-5 years

Focus

AcCguIsitioniEnablers
(EFNCS; etc)

1-2 years

Quick Reaction
& Other S&T

Narrow Time Frame

Near Long

FNCs

Focus Areas:

e Assure Access to Maritime
Battlespace

e Autonomy & Unmanned Systems

e Expeditionary & Irregular
Warfare

e Information Dominance
e Platform Design & Survivability

* Power & Energy

e Strike & Integrated Defense

e Total Ownership Cost
e Warfighter Performance
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Fuel

Power Generation

Energy Storage

Distribution
& Control

Power Loads

~H

Fuels Chemistry

Alternative Fuels

Nuclear NAVSEA 08

Naval Reactors

k*ﬁ
€ =

“lon Tiger”
UAV Fuel Cell

\ 3

Sl o | 7 "rT "‘.__ i
=¥ iy g.—aw P‘PF__*

Gas Turbine Generators

Capacitors

Electrical Architectures
& Pulse Forming
Networks

anpa
Figh Voltage Transformer
Capacitors

High Voltage Silicon
Carbide (SiC) Switches

V4
\ .-,_,/'_’;_3,, Electric
{I' ¥ Weapons

UV Sensor Loads

Reconfigurable Blades / Blade
Loading

-

s
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Onics

le Cycle Advan
rechnology Engine l

High Temperature Engine
Materials

Affordable Common
Architecture

Com ion

High Efficiency HVAC
Compressor.

Advanced Energy Dense
Batteries

- Computing ;
- Nanotechnogy. -

Advanced Material Propeller

Superconducting Motors

R ——— —

Ad

High Torque Electric
Actuators

SiC High Power Switching

Endurance UUV Power
& Propulsion




for——————————————

Sea Shield
*17 ECs, $347M
* &

N87
mccoc
USFF N803
PEO LCS
ONR 32

or— ———————————

Sea Basing
*4 ECs, $89M
* %

N85B
Dep. CG MCCDC
USFF N804
PEO Ships

Sea Strike
*10 ECs, $197M
* &

N88
HQMC Aviation
USFFN8
PEO U&W
ONR 35

S&T Corporate Board

9 ¥ ¥

L

ACMC

——————
Naval Expeditionary
Maneuver Warfare
*8 ECs, $62M
* *

N85B
HQMC PP&O
USFFN8
McscC
ONR 30

VCNO ASN (RDA)
N8/N2/N6
USFF PDASN
MCCDC CNR
N4* N1/N093*
NS8F
(Ex Sec)

FORCENet
*15 ECs, $331M
* ok

N2/N6F
Dir HQMC ¢4
NETWARCOM
SPAWAR 05
ONR 31

Power & Energy
*4 ECs, $81M
*

N45
USMCHQ
USFF N8
NAVSEA05
ONR 03T

for——————————————

Capable Manpower
*8 ECs, $98M
* *

N15
USMC Training/Ed
USFFN1D
NAVAIR TSD
ONR 34

Force Health
Protection
*6 ECs, $71M
**

N0931
TMO, USMC
FFC NO2H
NMSC
ONR 34

Enterprise &
Platform Enablers
*9 ECs, $139M
* &

N8F
HaMC I&L
USFF N433
NAVSEA 05
ONR 03T
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YV V. V V V VY

FY11 and Prior
Axial Flow Waterjet > Affordable Electronically Scanned Array

Compact Power Conversion > Advanced Power Generation
Turbine Engines Reduced Cost of Operations — Materials 5  squad Electric Power Network
Turbine Engines Reduced Cost of Operations — Engines > Common Operating Picture Logistics
Affordable Common Radar Architecture Planning and Decision Support Tool

Advanced Material Propeller

FY 12 New Starts

P&E-FY12-01: Renewable-Sustainable Expeditionary Power

P&E-FY12-03: Long Endurance Undersea Vehicle Propulsion

Advanced Engine Air Handling
System e .

P&E-FY12-04: Fuel Efficient Medium e rid et
Tactical Vehicle Replacement (MTVR) ' \ Transmission

g |k : Auxiliary m

Electrification Auxiliary Power Unit
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Provide long-endurance power systems for unmanned undersea
vehicles for extended range mission requirements

Large Displacement UUV FY12 INP
48" diameter, 60-90 Day endurance

Long-Endurance UUV Propulsion FNC
21”, 30 Hr endurance

ONR Swampworks
48" diameter

‘\ =
— \
Placement of Stirling Engines in Sea Lion Section ‘\ Long Endurance
\ Undersea Vehicle
— __ | \ Propulsion — FY12 FNC
l ! 3 kW per Stirling Engine |

— I
= AN 48 Inch Hull Dia.

Stirling Engine
Fuel Cells
Batteries
Al Combustor
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All Electric Ship

High Power Radar [Etectromagnetic Rallgun

Laser
Seif-Defense _ =[N
tem 5

" 4 ‘ [
=2 :

> Develop efficient power generation,

energy distribution and control concepts

@-——*“" to provide power for ship warfare,

propulsion and support systems

Integrated
Metar
Propulsor

Vext Generation Integ d Power Syst

< ONR Partnerships BE=
S Jerme e v |
LeoQ0® ‘ & i ®

Electric Ship Research and Development Consortium E‘;RDC

> A consortium of virtually linked academic institutions with hardware-in-the-
loop capability coupled with physics based models for system design, testing,
and validation

> Develop advanced power concepts leading to increase performance,
reliability, lower cost and lethality

> Develop new tools for electrical systems test and evaluation leading to

o P
reduced shipbuilding cost e 4
> Develop EE power electronics S&T workforce with emphasis on naval 1) UNITED STATES NAVAL ACADEMY ! S
applications
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Provide advanced aircraft propulsion technology for the next
generation carrier-based aircraft

High Performance of a Military Engine...
T T s

——
50 ... Combined into a
- i ﬂt el Single Versatife
y &k,_a-_? W Propiulsion System
N ' S for Naval Aviation

.--Ii'}'.?‘.':. l
Fuel Efficiency of a Next-Gen Conmmnercial Core...

Payoffs:

« Reduced fuel consumption
« Lower life cycle costs
 Higher performance and increased durability

« Improved environmental compliance




Non-tactical hydrogen-powered General Motors Fuel
Cell Vehicles

> Evaluation ongoing at Camp Pendleton and Marine
Corps Base Hawaii

Marine Corps Base
Camp Pendleton

> Coordinating with other Services and DoE

MARFORPAC &
Marine Corps Base Hawaii

Advanced Engine Hybrid Electric Transmission
Air Handling System D .

Fuel Efficiency Technologies for Tactical

Vehicles

> Improve vehicle fuel efficiency

> Provide on-board electric power generation for
hybrid drive, on-board mission systems and external

power

Auxiliary Power Unit » FY-12 FNC: “Fuel Efficient Medium Tactical Vehicle
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Accelerate the adoption of biofuels by supporting Navy certification
process, and understand and mitigate the impact of emerging biofuels on

naval power systems and operations
Large Scale
Deployment

Biofuels Supply Chain

Fuel Testing
& Approval

Biofuels
Conversion

Feedstock
Logistics

Feedstock
Production

DoD/NAVAIR ¢ DoD Military
FAA Systems
CAAFI

DLA

ONR Alternative Fuels Focus
e Engine & fuel cell performance
e Materials compatibility
* Fuel stability

\_* Sustainable biofuels production /
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Alternative Fuels Program predicts and understands fuel properties to augment
important steps/issues for testing and certification

Fuel Certification Process
Start

v

Fuel Specification Properties

Environmental Effects
e Microbial Growth
e Seawater Interactions

Chemical/Physical Properties
* Molecular Simulations A 4
* Fuel Characterization Fit-for Purpose (FFP) |
* Analytic Methods Properties

ONR S&T | | ONR S&T

Predict and measure the effects of
microbes and seawater on alternative

Bulk Physical & Chemical fuels

Performance

Compatibility
Fire/Safety/Survivability and

Environmental ]

Materials Compatibility \l’

e Metallic Interactions Hot Section Materials
* Organic Interactions . \1/

Predict and measure the micro and
macro-scale properties of alternative
fuels and blends

Combustion Dynamics
e Combustion Kinetics
e Engine Testing

I ] Understand the difference between
Understand the interactions of Component Testing ) petroleum and alternative fuel

alternative fuels on engine . \l, . combustion and resulting effects on
components and quantify corrosion, ] the engine
oxidation, and degradation
phenomenon

Engine/Boiler Testing




ARPA-E: Advanced Energy Storage Devices
FY11 FY12 FY13 FY14

‘ Mater > Jn1. L
* Workshop ¢ Advanced Flywheels Metal-air Battery . :
* Threshold Req. % N
* Joint BAA

DoD: Hybrid Energy Storage System Level Development

FY11 FY12 FY13 FY14 FY15 FY16
- Sub Scale Validatio
* Workshop * Develop Control/Logic e Common Requirements Document
* Threshold Req. * Develop Fault Isolation ¢ Full Scale System Fabrication
* Joint BAA * Power Converter Design * OEM Demonstration

* Advanced Thermal Mgt. ¢ In Field Demonstration
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Single Phase
AC-AC
building block

1MW ,10kV, 100 amp y

Present PCM-4

Weight: 35,000 lbs
Volume: 168”W x 60” D x 81”H

SiC PDM-4/1A

Weight: 3,500 lbs
Volume: 60”W x 60” D x 60”H

3 MW Application
SiC Ship Service Power System
70% Smaller & 89% Lighter

Increased efficiency
Reduced weight and volume

Improved thermal management
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Reduce the “unacceptably high risk” of extended electric grid outages by developing the capability
to island installations while maintaining operational surety, security & cyber defense

Approach

e Circuit level demo at Joint Base Pear Harborl-Hickam using renewables with hydrogen storage & fuel cells
* Ft Carson microgrid including renewables, vehicle-to-grid storage, energy mgt, cyber defense

e Camp Smith, HI complete installation smart grid, islanding, battery storage, cyber defense

Joint Base Pearl Harbor-Hickam Renewable H, Production & Fueling Station

Deployable H, Modules (operating since Nov 2006)

> Hydrogen Fuel Processor (H,FP) uses two electrolyzers and pressure
management (H,PM) produces up to 50kg/day @ 5,000 psi

146 kW Photovoltaic Array (operating since May 2009)

> Provides power to base grid when station is not operating.

Five 10 kW Vertical Axis Wind Turbines

> Renewable energy for hydrogen station; power to base grid when

[FEEmp o se==—g W= station is not operating.
o RN W Uy W o e P R Ly — iy o g
=l =

-
e T e - -
P s E | | ] | '




> Terragon Environmental Technologies, Inc
gasification system

< Treats organic waste, plastics, chemicals,
wood products, and bio-hazardous waste

< Processes 1,500 lbs daily [~1,000 Marines]

Crude
SL‘““ ’7 | < Waste heat available for other uses — hot

o Fil d 0
| o | prheme water, space heating
Waste GaSIerI‘ Cleaning ", Matter
. = System [~ < Uses fuel source to start process — then self-
‘ L ciean sustaining
/( Syngas

> ONR developed for expeditionary ops

> ONR-MARFORPAC is evaluating at Camp
Smith in Hawaii
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what if..you could get any resource you needed?

How can the Navy best meet
future energy demanls?




A

Coming in 2012

Pre-register at:
http://www.onr.navy.mil/energymmoweli/

And share early ideas with #enereyMMOWGLI
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