
Introduction to  
Vibration Energy Harvesting 

Francesco Cottone 

Marie Curie Research Fellow 

ESIEE Paris ς University of Paris Est 

f.cottone@esiee.fr 

 

NiPS Energy Harvesting Summer School  

August 1-5, 2011 

 

 

 
1 



Summary 

ÅMotivations of vibration energy harvesting 
 

Å State of the art and potential applications 
 

Å Vibration-to-electricity conversion methods 
 

Å Performance metrics 
 

Å Technical challenges and limits 
 

Å Conclusions 
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Beyond the batteries 
Å aƻƻǊŜΩǎ [ŀǿΥ ǘǊŀƴǎƛǎǘƻǊǎ ŘƻǳōƭƛƴƎ ŜǾŜǊȅ ƻƴŜ ƻǊ ǘǿƻ ȅŜŀǊǎΗ 

Å Batteries power density and lifespan are limited 
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Mobile Computing Improvement ς  Paradiso, et al. Pervasive  Computing, IEEE, 2005.  



Beyond the batteries 

Å Computing devices are becoming 
ubiquitous and pervasive! 

Å Power requirements must be 
scaled down, for size of <1cm3 the 
power consumption goal is below 
100 ˃ ² 

Å Problem: batteries must be 
recharged/replaced and eventually 
disposed 

Intel - Moore, G.E., άNo exponential is forever: but "Forever" can be delayedΗέ 
Solid-State Circuits Conference, 2003 

Intel Atom  

Wireless sensor nodes 
Laptop 

for size of <1cm 3  the power consumption goal is below  100 ȉW  

Smartphone Wearable sensors 



Energy harvesting as alternative 
for micropowering 

Å Photons: Light , Infrared, Radio Frequencies 

Å Kinetic: vibrations, human motion, wind, hydro 

Å Thermal: temperature gradients 

Å Biochemical: glucose, metabolic reactions 

Å Ultra capacitors 

Å Rechargeable Batteries 
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Å Low power devices 

Å Wireless Sensors 

Å MEMS actuators 

Å Consumer electronics 

Å Piezoelectric 

Å Electrodynamics 

Å Photovoltaic 

Å Thermoelectric 

Electronic 
device 

Generator (EH) 
Temporary 

Storage 
system 

NO NEED TO REPLACE 
BATTERIES! 

Power sources  



Energy harvesting for 
Wireless Sensor Networks 

WSNs features 

Å Self-organizing 

Å Self-healing 

Å Pervasive 

Å Nearly invisible 

Å Self-powering ? 
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source 

destination 

Streaming Data to/from  

 the Physical World 



WSNs have vast applications 

Å Environmental Monitoring 
ï Habitat Monitoring (light, temperature, 

humidity) 
ï Integrated Biology 

Å Structural Monitoring 
Å Interactive and Control 

ï RFID, Real Time Locator, TAGS 
ï Building, Automation 
ï Transport Tracking, Cars sensors 

Å Surveillance  
ï Pursuer-Evader  
ï Intrusion Detection 
ï Interactive museum exhibits 

Å Medical remote sensing 
ï Emergency medical response 
ï Monitoring, pacemaker, defibrillators 

Å Military applications and Aerospace 
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The main challenge for WSNs is to be   

SELF-POWERING!!  



Benefits of Energy Harvesting 

Å Long lasting operability 

Å No chemical disposal 

Å Cost saving 

Å Safety 

Å Maintenance free 

Å No charging points 

Å Inaccessible sites operability 

Å Flexibility 

Å Applications otherwise impossible 
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90% of WSNs cannot be enabled without Energy 

Harvesting technologies (solar, thermal, vibrations) 



Market potential 
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Market size of WSNôs 

 
o The overall wireless sensors market is estimated 

to grow to $4 billions by 2020 (Frost & Sullivan, 

2006) 

 

o The worldwide ULP market reached over 200 

million units by 2010.  

 

o Temperature monitoring and vibration spectra of 

sensitive plant equipment is growing recently 

around $22m (ARC Advisory Group, 2007).  

 

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%.  

 

average annual growth rate of over 73%.  



Power needs for small electronics 
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How much power is available  
from the ambient? 
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Texas Instruments, Energy Harvesting ς 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.  


