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Improvement multiple since 1990
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A Batteries power density and lifespan are limited
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Mobile Computinglmprovementc Paradisget al. PervasiveComputing IEEE, 2005.
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Smartphone Wireless sensor nodes Wearable sensors

for size of <lcm 2 the power consumption goal is below 1000 W

A Computing devices are becoming
ubiquitousandpervasivée

A Powerrequirementsmust be
scaled downfor size of <lcmthe
power consumption goal iselow
100> 2

A Problem batteries must be
recharged/replaced and eventually
1 disposed
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Intel - Moore, G.E.¢pNoexponential is forevebut "Forevet can be delayeld ¢
SolidState Circuits Conference, 2003



Energyharvesiingaas atiermnative
for micropoweling
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Power sources
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Photons Light, Infrared, Radio Frequencies
Kinetic: vibrations,humanrmotion,/wind;/hydro
Thermal temperature gradients

Biochemical glucose, metabolic reactions

BATTERIES! N
Temporary Electronic
Generator (EH) ===»  Storage === device
system
—:—\\ A Piezoelectric A Ultra capacitors A Low power devices
i ﬁ Electrodynamics A Rechargeable BatteriesA  Wireless Sensors
A oot £ s e
A Consumer electronics



Energyhharvestinepfor
WirelessSSensan dNetwior ks

Streaming Data to/from

the PhysicalWorld WSNS featu res
A Seltorganizing
A Selthealing

A Pervasive
A Nearly invisible
A Selfpowering ?




WSNsHhaweatasbapplications

The main challenge for WSNs is to be
SELF-POWERING!

Environmental Monitoring i s

T Habitat Monitoring (light, temperature
humidity)

T Integrated Biology
Structural Monitoring
Interactive and Control

San Francisco

I RFID, Real Time Locator, TAGS £ S8 Epl@atorium

i Building, Automation I

T Transport Tracking, Cars sensors l l
Surveillance 1\ -

i PursuerEvader S ll e

T Intrusion Detection

i Interactive museum exhibits
Medical remote sensing

i Emergency medical response

i Monitoring, pacemaker, defibrillators
Military applications and Aerospace [sitees

Operates day and night

$24 million US Army/
Univ of Michigan program
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Bendittsdfthaergy Hasvesiing

Long lasting operability

No chemical disposal

Cost saving

Safety

Maintenance free

No charging points

Inaccessible sites operability
Flexibility

Applications otherwise impossible

90% of WSNs cannot be enabled without Energy
Harvesting technologies (solar, thermal, vibrations)



Market potetisl

Mar ket si ze of WS N 6 sverage annual growth rate of over 73%.

Aerospace
o The overall wireless sensors market is estimate 8% I dustrial
to grow to $4 billions by 2020 (Frost & Sullivan, e
2006)
Military, Third
o The worldwide ULP market reached over 200 World, Other

- . 44%
million units by 2010.

0 Temperature monitoring and vibration spectra o
sensitive plant equipment is growing recently
around $22m (ARC Advisory Group, 2007).

Consumer
44%

o Vibration and velocity sensors and transmitters
market is growing from $17.4m in 2006 to
$112.5m in 2012 at a compound annual growth
rate of 34.4%.



Power meedsdosamadl electianics

uP desktop

uP laptop
Bicycle lighting
GSM

PALM,MP3

Transceiver Bluetooth
Miniature FM Receiver
Hearing aid

RFID Tag

100 nW
Electronicwatch

or calculator
32 KHz quartz oscillator

10 nW

Standby

Source |DTechEx report *Energy Harvesting and Storage for Electronic Devices 2009-2019%,
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Texas Instruments, Energharvestingg White paper 2009

An average human walking up a
mountain expends around 200 Watts of
power.

The most amount of power your iPhone
accepts when charging is 2.5 Watts.
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