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Portable Electric Energy TIA — Willful Intent

Current Capability:

« Primary batteries provide only 200-300 watt-hrs/kg, and rechargeables approximately half as much energy per kg. Battery incompatibility requires
carrying excessive spare batteries. High specific energy alternatives to current batteries typically deliver low specific power, requiring over sizing to meet

peak power demands.

FY Desired Capability S&T Challenge S&T Solution
Near « Batteries with greater than » High specific energy batteries tend to deliver low « Higher efficiency Zn/air cathodes and/or
500 watt-hrs/kg specific power hybridization with electrochemical
Term e Squad level universal « Solution must be cost effective, light weight, and ultracapacitors.
FY12- electric energy permit technical advancement e Squad level power sharing standardized
FY14 exchangeability between al » kinetic and solar harvesting solutions have high architecture
| sources and all loads acquisition costs are expensive. « Kinetic harvesting while foot mobile, or in
* Maximum use of kinetic darkness, and photovoltaic solar harvesting while
and solar energy harvesting stationary in sunlight.
Mid ¢ Primary batteries with « High energy batteries can be both dangerous to e Lithium-air and/or lithium carbon fluoride and/or
greater than 700 watt- manufacture and to use hybrids with EC ultracapacitors
Term hrs/kg « Sulfur content poisons fuel cells and other e Sulfur tolerant SOFC catalysts and/or external
FY15- « Silent JP-8 fueled electric alternatives are either heavy, inefficient, or noisy. combustion feeding Stirling or thermoelectric
FY17 power sources with optional | ¢ Implementation of power saving strategies in devices.
renewable solar legacy equipment e Smart internal power controllers that reduce
augmentation power to unused circuitry
« Electronic equipment
optimized for efficient power
consumption
Far ¢ Combat-safe portable » Presently only isotope powered sources can « Possible high-risk future solutions may include
electric power sources provide this specific energy, however current concepts such as:
Term capable of delivering technology does not permit their safe use in a - Low level sources with short half lives
FY18- substantially more than combat environment where isotope security is - Encapsulated and distributed active elements
FY20 1000 watt-hrs/kg difficult to guarantee.
Endstate:

« Portable hybrid power sources delivering more than 1000 watt-hrs/kg and also capable of meeting momentary peak power demands. Efficient harvesting
of electric energy via both kinetics and photovoltaics. The ability to silently convert JP-8 to small scale (squad level) electric power in the field. A squad
level power system architecture that ensures optimal compatibility between all electronic devices and all power sources. Greater than 30% reduction in
electric energy required for dismounted operations via power saving electronic circuitry.




Water Purification TIA — Willful Intent

Current Capability:
« Small dismounted units have only rudimentary filtration capability (Individual Water Purifiers). Filters subjected to freezing temps are subject to
undetected damage. Reverse osmosis purification units can require considerable pre-filtration to avoid clogging the RO membranes.

FY

Desired Capability

S&T Challenge

S&T Solution

Near .
Term

FY12-
FY14

Freeze resistant
individual water filters
with integrated failure
indication

Micro filtration membranes retain moisture
and polymers are not resilient to freeze
induced strains. Leak testing of these
membranes is too complex to be performed in
the field.

e Hand pumped ultra-filtration (air-tight)
membrane that retains less freeze
susceptible moisture and can be easily
tested for leaks with integrated hand pump.

« Flat (planar) filter geometry for individual
water purification that is less likely to store
moisture than cylindrical geometry

Mid .
Term

FY15-
FY17

Fouling resistant filtration

Concepts that selectively remove suspended
organic matter as opposed to accumulating it
at the filter or membrane surface.

Possibilities include:

* Hydrodynamic separation of neutrally
buoyant suspended patrticles.

» Heated Aluminum Oxide Particles inserted
at membrane surface as a substitute for
conventional coagulants.

Far .
Term

FY18-
FY20

Small dismounted unit
capability to achieve
water purity levels for
both filtration and
desalination comparable
to fielded TWP and LWP
reverse 0smosis units

Achieving optimal energy efficient (preferably
solar powered) purification and sanitation
over a wide range of possible water sources

» Concepts under exploration include:
Capacitive deionization, Solar activated
catalysis, Efficient UV LEDs, Crown ether
salt extraction, and Energy recovery devices
for small scale reverse osmosis

Endstate:

< Individual water filtration devices that are freeze resistant and can be easily tested for leaks in the field
« Small unit capability to achieve water purity levels comparable to fielded TWP reverse osmosis units, utilizing only renewable energy. Effective pre-
filtration for reverse osmosis units to prevent clogging of RO membrane over a wide range of possible water sources.




Maintenance Reduction TIA — Willful Intent

Current Capability:
« Existing corrosion resistant paint provides good protection provided it isn’t scratched or damaged. Harsh military environments can wear out equipment

quickly.
FY Desired Capability S&T Challenge S&T Solution
Near » Reduction in the required | ¢ EXisting corrosion resistant coatings can be » Self —healing corrosion resistant coatings
Term amount of vehicle and easily damaged by routine use
eguipment maintenance
FY12- due to corrosion.
FY14
Mid * Reduction in the required | « Wear resistant materials tend to be expensive | Possible solutions may include:
Term amount of vehicle and or have low strain-to-failure » Graded metal-ceramic composites at wear
eguipment maintenance surfaces.
FY15- due to wear. « Nanostructured surface modification/
FY17 coatings, and or embedded lubrication
Far « Expanded application of » Cost effective matching of specific advanced » Generic S&T solutions are typically not
T material science materials solutions to specific high-payoff useful. Specific S&T solutions are extremely
erm advances toward hardware components. application dependent and can only be
FY18- reducing corrosion and identified on an individual basis.
FY20 wear.
Endstate:

Maximum operational readiness by expanding the intervals between required depot level maintenance for vehicles and equipment.




Handling and Transport TIA — Willful Intent

Current Capability:
 Individual logistic transport using backpacks produces injurious skeletal forces well in excess of the static load . Ground logistic transport (manned or

autonomous) is too terrain dependent and too susceptible to interception.

Stowage, retrieval, loading and unloading of supplies during expeditionary

operations is highly dependent on manual labor from ship to forward operating base s, and on to combat operations.

FY Desired Capability S&T Challenge S&T Solution
Near » Required weight of supplies » Solution must be cost-effective, without introducing » Suspended backpack that eliminates injurious
doesn't needlessly impair yet additional logistic requirements for energy or oscillatory and transient forces while enhancing
Term dismounted small unit maintenance. mobility and slightly increasing metabolic
FY12- mobility...or cause injury. » Autonomous vehicle must be affordable, with low efficiency.
FY14 « Autonomous logistic delivery probability of interception, while placing no » Low cost VTOL autogyro for air-dropping
to combat patrols across additional equipment or training burdens on ~300Ibs at 50 mile radius, without landing.
impassible and/or enemy logistics recipient.
controlled terrain.
Mid » Efficient supply stowage, * Minimize the necessity for manpower limited * Automated pallet handling on T-AKE ships using
retrieval, loading and handling of pallets in high-throughput Seabased robotic pallet jacks with artificial vision based
Term unloading solutions from environments retrieval and navigation.
FY15- Seabase to Forward » Provide capabilities for handling heavy supplies in » Enhanced tether-free energy efficiency of
FY17 Operating Base. austere environments without traditional load exoskeleton concepts to enhance human load
handling equipment handling capabilities.
Far » Responsive high-speed air » Rotary wing air vehicles are fundamentally too slow » High speed (subsonic) fixed wing VTOL (or
Term cargo delivery capability near VTOL) utility aircraft, or cargo stowage and
from Seabase to ground delivery modifications permitting use of existing
FY18- combat unit commensurate fixed wing aircraft.
FY20 with safe Seabase stand-off
distances (particularly for
unanticipated emergencies) .
Endstate:

Backpacks that don't amplify skeletal forces during normal human motion. Cost effective autonomous air vehicles for squad/platoon level remote logistic

delivery. Automated logistic handling on Seabase supply ships.

response from a distant Seabase.

Efficient handling of supplies from Seabased stowage to end user. Low latency logistic




Fuel Efficiency TIA — Willful Intent

Current Capability:
» Expeditionary operations are fuel intensive. Field generators frequently waste half their fuel due to fractional loading. Over half of field generated electric
power is for cooling/heating. Long distance fuel delivery is expensive and dangerous.

FY Desired Capability S&T Challenge S&T Solution
Near « Field generation of electric » Practical implementation of load sharing/shedding e Hybridized generator/battery systems for power
power without wasting fuel micro-grids are overly complex for smaller power demands less than 10kwW
Term due to fractional loading requirements « Load sharing/shedding power grid for generators
FY12- (wet-stacking) of generators | ¢ Battery storage becomes weight prohibitive for 10kW and larger with possible flywheel storage
FY14 that are typically over-sized hybridizing larger power requirements for peak loads, switching transients, and
in order to meet short term emergency shutdowns.
peak load requirements. « JP-8 powered solid oxide fuel cell may be able
to more efficiently handle fractional loading than
current field generators.
Mid e 3kW peak (1kW 24hr » Large solar-tracking collection area is required « Stirling heat engine generators powered by
continuous) solar derived along with heavy batteries for storage . concentrated solar thermal and /or waste
Term electric power capability on combustion for fixed site power generation, with
FY15- a Light Tactical Trailer lithium battery storage.
FY17
Far ¢ Reduction in e Current use of air within tents as the primary heat « Direct or extremely localized cooling or heating of
cooling/heating power transfer mechanism does not permit necessary stationary individuals and equipment.
Term demands to levels that can power reduction for solar powered
FY18- be practically provided by cooling/heating.
FY20 mobile solar energy

harvesting (without fuel).

Endstate: By 2020, remote Forward Operating Bases do not require fuel for generating electric power, because their significantly reduced demands are
within the range of expanded mobile solar energy harvesting capabilities.
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