
Human Applications

NiPS Summer School 2017 - Energy Harvesting: models and 
applications



Human Energy

The energy that can be 
harvested from human 

body movement depends
from many variables
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Human Energy
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Possible applications



Body Movement Harvesting

Mann and Owens,  
J. Sound Vib. , 2010.

Bowers and Arnold, JMM, 2009. Spreemann, Manoli, 
Folkmer and Mintenbeck, 

JMM, 2006.

Roundy and Takahashi,  
Sensors & Actuators, 2013

Cheng and Arnold, JMM, 2010

Miah and Park, 
Energy Conversion & Management, 

2015

Rao et. al., PowerMEMS, 2013 Romero et. al., IEEE MEMS, 2011
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Wearable power supply

“An hour of exercise can produce up to 1 hour smart phone battery life.”

http://www.getampy.com
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Wearable power supply

http://www.star-m.jp/eng

http://www.star-
m.jp/eng/products/
develop/de02.html
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Wearable device
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Wearable device
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Wearable device

5-10 uW average
Mitcheson, 2010
Paradiso and Starner, 
2005
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Wearable device

Apple Watch (38 mm version)
•Battery:  205 mAh, 3.6 V = 738 J  
•Lifetime: 5 –18 hrs 14 -41 mW
•14 –41 mW average power draw
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Wearable device

There is about 1 order of magnitude gap 
between what current and research devices 
provide (~ 10 uW) and what wearable 
systems need (~ 100 uW).
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Wearable device

http://www.instepnanopower.com
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Wearable device

Claim 1 watt nominal 
power underlying 
technology is not 
disclosed

http://www.energyh
arvesters.com/walki
ng-chargertrade.html
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A strong market pull for pacemaker and home 
health monitoring applications: 

– Time to market could be long in the medical field 
– Not all medical applications may require energy 
harvesting power solutions (cochlear implants, wrist 
blood pressure measurements…) 

Medical device
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Pacemaker Market:
- Size: 600,000 units (2012)
- Mature: 3-5% CAGR
- Lithium batteries are widely used
- Main specifications: 50 μW power 

consumption, 2.8V, 2Ah (typically), 
capable to deliver 25 μJ

Problems:
• Limited lifespan: 5 -10 years

- costly replacement:  $20,000
- serious operation for the patient

• Large size battery:  half device size 
• Corrosion of wires between heart and 
pacemaker

Energy harvesting market drivers
- Infinite lifespan  no replacement cost
- Very small size (< 0.5 cm3)  harvester near the heart 

electrodes  no wires

Energy harvesting main challenges
- Low frequencies of the heartbeat
- Very long homologation procedure

Medical device

blogs.umnhealth.org/9-19-2014



Animal Applications
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Animals needs E.H.?



Farm Animals
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Farm Animals E.H.
http://www.cattle-watch.com/

Every 4 minutes Collecting behavior information 
of each cattle (Grazing, Walking, Laying, in-heat, 
Pregnancy, illness, bull efficiency, Calves’ delivery, 
calves’ conditions , location / tracing /Theft and 
illness early warning, )
Every 2 Hours report the behavior information to 
the farmer’s PC and Mobile, The report includes 
counting heads as well
Theft / Hostility / illness early warning – real time
Geo fens and dedicate “Anti Theft” 
electronics fence
Seven working years for collars without replacing 
batteries and three for Ear Tags
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Farm Animals E.H.



PETS
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E.H. for pets
PV cells

Vibrational Harvester
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E.H. for pets
PV cells

Vibrational Harvester
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THANKS!!
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