


Why would you want 
to know anything 
about PowerFelt? 



This is important 
because our 
lifestyles are 
changing – mobile, 
free, individual, but 
connected… 



SO, what are the five things you should 
know about PowerFelt? 



the human body gives off 130 watts of heat 
energy. 
  
the accumulated heat generated by a platoon 
of soldiers in the field is ~ 6.5 kilowatts, 
whereas, the power carried by that platoon in 
the form of batteries is ~ 1.5 kilowatts.   
 
a semi truck; 99.2 megawatts,  
 
a 144 mm gun barrel; 4 watts,  
 
an F15 engine cowling; 350 gigawatts. 
  
the act of simply walking typically generates 
10 to 12 Watts of kinetic power 
 
 

The waste heat/vibration all around 
us is staggering, it is mobile, it is 
personal, and it is free.  

PowerFelt generates power 
from us… 
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Mr. Small has 
chosen a 
high 
performance 
TEG made 
from BiTe 

Big is good? Consider Mr. Small and Mr. Smart  
They both want to be green… 

Mr. Smart has 
chosen a 
covering for the 
whole car 

The BiTe is 10X more 
efficient but it covers 
1000X less area. Mr. 
Smart gets 100x more 
power… 



PowerFelt is the world’s first 
thermo-piezo-electric 
generator (T-PEG): it makes 
power from thermal 
sources as well as kinetic 
sources… 
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The basic building blocks (the threads) of 
PowerFelt combine two energy scavenging 
modalities… 
Hewitt et al., Applied Physics Letters, 2011, 98, 183110. 



Thermopower collection is based on the Seebeck effect… 
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But when you wiggle it, the piezo-
electric effect adds to the power… 
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The result is thermal and 
kinetic energy scavenging… 







PowerFelt is a 
nanoengineered textile 
– not a device! It uses a 
quantum functional 
matrix and its power 
comes as an intrinsic 
part of its makeup… 

Hewitt et al., Applied Physics Letters, 2011, 98, 
183110. 
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The strange internal Origami 
defines internal current pathways 
and piezo-fields so that the 
structure naturally results in power 
output for thermal or kinetic power 
input. 

To build it we must fold materials that are 
fractions the width of a human hair! 



PowerFelt can not make more power than is there… 
 
(but there is a whole lot there) 
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Power output as a function of load Resistance 
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YES, for each layer you fold-in you get a little more power… 
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But to really make power – you 
must make PowerFelt large… 





The process for making PowerFelt is very much like paper 
making (Fourdrinier).  This gives it an amazing ROI… 

Courtesy of NanoTech Labs 
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Automated Spray Cast 
• Scalable Automated Carbon Nanotube  

• Spray Cast System 



Automated Spray Cast 
• Variable 

– The spray cast film can be any  

– desired length within a 28cm width.  

– It is capable of spraying films from  

– 15 microns to 1 micron thick.    

– The 1 micron thick films are  

– very consistent and relatively  

– durable.   Films thinner than 1  

– micron have successfully been  

– sprayed but are currently being  

– tested. 

 

–The film pictured has a thickness of about 1.2 microns.   The electrical conductivity still 
remains constant at 1590 S/m with a Seebeck coefficient of 37 μV/K.  The conductivity 
and Seebeck coefficient remain constant even with films measured to be 0.6 microns.   

 

 

 

25 cm 



Automated Spray Cast  



• Variable Range Hopping T dependent behavior 

• RT values ranging from 6k to 18k S/m  

 T Dependent Doping 
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• Range of T dependent behavior from heterogeneous (PEI) 
to near metallic (tetronic)  

 T Dependent Doping 
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Could clothes pay for themselves? 



So these are the five things: 
 

1) PowerFelt is a power generator – not a storage device 

2) PowerFelt is a T-PEG: not a thermoelectric or 

piezoelectric device 

3) PowerFelt isnt a device at all!  Its natural function is to 

convert thermal and kinetic energy into electrical power 

where ever it finds it. 

4) PowerFelt can not make more power than it finds. 

5) PowerFelt is made using simple manufacturing 

techniques – meaning it CAN be cheap! 



What is next? 

Remarkable results from 2D systems – but that is for another talk… 



T-PEG research has been funded at the Center for 
Nanotechnology and Molecular Materials at Wake Forest 
University by these agencies and foundations… 



Finally… 
 
Some images used in this presentation are the property of Sono-Tek, Universal Studios, 
BMW, Porcher Industries, MIT, Construction Trades Federation, UK Daily Telegraph, 
Apple, Google, Boeing, Raytheon, Keithley, UCtronics, NYTimes, IDTechEX, Nature 
publishing and others. They are in the public domain, used for their aesthetics.  They are 
not intended or represented as original work by WFU. 
 
Forward looking statements are meant as best estimates made in good faith based upon 
available data. 
 
This presentation contains information that is the property of WFU and was prepared by 
the Carroll Research Group who is responsible for its content. 

Thank You! 


