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Scientific Excellence 
(500 words) 

Background   
Imagine slipping into a jacket, shirt or skirt that powers your 
cell phone, fitness tracker and other personal electronic 
devices as you walk, wave and even when you are sitting. 
With growing interest in wearable electronic devices, there is a 
need to find different power sources, especially to alleviate the 
need for regular charging or battery changes.  
Fortunately, the human body provides several potential energy 
sources, including heat and motion, and is routinely exposed 
to other sources like friction. These can be exploited using 
energy harvesting technologies to provide power for wearable 
devices, from medical and sports body sensors and networks, 
to be used for e.g. charging a medical portable accessory or 
even a mobile phone. 
 
Goal 
Motion or kinetic energy harvesters have the advantage of 
being less reliant on the external environment (e.g. light and 
humidity), and shoe-based devices have already been shown 
to be capable of producing significant power levels. The goal 
of the team at UH is to create energy harvesting technologies 
that get useful energy from "wearing and moving" and can be 
applied to different parts of the body. 
 
Key problem  
Kinetic energy harvesters mounted on flexible substrates for 
application in clothing have been presented before but have 
been limited in their range of flexibility and elasticity. This is a 
key problem as it prohibits their use where kinetic energy is 
potentially most abundant, i.e. around body joints with a large 
range of motion e.g. the knee, elbow, hip, shoulder, and 
around muscles with large dimension changes in expansion 
and contraction. 
 
Elastic patch 
Attempt made to create a very flexible harvester design that 
can elastically stretch about double of its normal length, 
allowing it to be used on a large range of motion body areas.  
As on high flexible joints the flexibility may goes beyond the 
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limit of the elasticity of the device then new helical spring 
structure was used to harvest energy more effectively. 
The UH initial designed was used polymer piezoelectric film 
and a fabric strap shaped into a double-helical spring structure 
with air gaps between the piezoelectric film and the elastic 
support material to allow the two materials to move relative to 
each other. The designed later modified with nano-scaled 
technology with higher efficiency.  
 
Power dressing 
From the lab results, the team expect that in actual body-worn 
application, a 10 x 10 cm square patch incorporating these 
structures should be capable of producing several dozen 
milliwatts, which is the power level of some hearing aids, 
pacemakers, neurological stimulators and cochlea implants. It 
would also be enough for use as an auxiliary power source for 
a smart phone or smart watch. 
For the longer term, the team are working to increase the 
power output through connecting multiple structures in 
parallel and series, and analyzing the energy conversion 
processes involved, with the target of achieving hundreds of 
milliwatts output. This would allow applications as a 
main power source. They also believe that the output could be 
increased through miniaturizing the individual structures, 
moving toward creating similar structures using fine helical 
threads that would also aid incorporation with clothing. 
 
Power transfer cables 
In other hands, the power generated with the paths should be 
able to be transfer to the desirable devices. It was found that 
the human skin can stretch by a factor of 1.5. An stretchable 
cable material, for wiring the patches, has been worked out 
but need further development. The stretchable wiring can 
stretch with the body movements, without losing its ability to 
transfer power and data. 
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Aim (400 words) 
 

Hypothesis  
A body motion energy harvester can generate power from 
wearable patches. The patches are highly flexible and super 
elastic and can be applied to high-flexion joints and suitable 
for integration with fabrics.  

 
The new body motion energy harvesting device can generate 
electrical current from the full range of human motions and is 
small enough to embed in clothing. The body motion can 
generate enough power to be used for wearable electrical 
devices such as hearing device or a mobile phone. 
 
Innovations 
A new, patch energy harvesting system developed at UH has 
the potential to generates electricity when it is stretched,  
compressed or bent. The device can harvest the energy even 
at the extremely low frequencies characteristic of human 
motion. 
This design could be applied to the body as part of a bandage 
or patch or incorporated in clothing. It is also designed to 
harvest energy from the body's low-frequency natural motions, 
such as bending expansion or stretching, not from vibration 
energy or from repeated prescribed motions that some 
devices require. 
 
Key points 
Compared to the other approaches designed to harvest 
energy from human motion, the UH method has two 
fundamental advantages,  
The materials are small enough to be impregnated into textiles 
without affecting the fabric's look or feel  
It can extract energy from movements that are slower than 10 
Hertz (10 cycles per second) over the whole low-frequency 
window of movements corresponding to human motion. 
The UH harvester is calculated to operate at over 25 percent 
efficiency in an ideal device configuration, and most 
importantly harvest energy through the whole duration of even 
slow human motions, such as sitting or standing. 
 
Comparison with similar methods 
Extracting usable energy from such low frequency motion has 
proven to be extremely challenging. For example, a number of 
research groups are developing energy harvesters based on 
piezoelectric materials that convert mechanical strain into 
electricity. However, these materials often work best at 
frequencies of more than 100 Hertz. This means that they don't 
work for more than a tiny fraction of any human movement, so 
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they achieve limited efficiencies of less than 5-10 percent even 
under optimal conditions. 
 
Method 
The project will be practiced through a series of experimental 
activity and computer simulation. Minimum 3 yeas research-
based activity expected to complete the project. I full time 
PhD student should be allocated for this project. 
 

Strategic Relevance 
(300 words) 

Strategy  
One of the challenges that the UH harvester facing is the 
relatively low voltage that the device produces. It's in the 
millivolt range. The UH team applying a fundamental insight of 
the process to step up the voltage. To overcome to the 
problem the project become involved with research on battery 
systems. Attempt made to explore the fundamental response 
of battery materials to bending and stretching. They were the 
first to demonstrate experimentally that the operating voltage 
changes when battery materials are placed under stress. Under 
tension, the voltage rises and under compression, it drops.  
In term of computer simulation, the UH team used a computer 
models to validate the experimental observations for specific 
battery materials. These observations led UH team to 
reconstruct the battery with both positive and negative 
electrodes made from the same material. Although this 
prevents the device from storing energy, it allows it to fully 
exploit the voltage changes caused by bending and twisting 
and so produce significant amounts of electrical current in 
response to human motions. 
Because the basic building blocks of the harvester are so small, 
it is predicted that bending their prototype devices produces 
as much as 40 microwatts per square foot and can sustain 
current generation over the full duration of movements as slow 
as 0.01 Hertz, one cycle every 100 seconds. 
In parallel, we are exploring the design of electrical 
components, like LCD displays, that operate at lower than 
normal voltages. 
 
Safety issues 
Electrical circuited which they use a kind of batteries usually 
catch on fire when the positive and negative electrodes are 
shorted, which ignites the electrolyte. Because our harvester 
has two identical electrodes, shorting it will do nothing more 
than inhibit the device from harvesting energy. It is true that 
our prototype will catch on fire if you put it under a blowtorch, 
but we can eliminate even this concern by using a solid-state 
electrolyte. 
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Interdisciplinarity and 
fit with DTA3 

 

Industrial Relevance 
(300 words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

Industrial attraction 
In future, smart phones and any other wearables may be 
charged automatically from body motion simply by carrying 
them on your person, without needing external electrical 
outlets to charge them. Smart phones themselves may be 
replaced with wearable devices or smart clothes. 
The UH harvester is timely and exciting research given the 
growth of wearable devices such as exoskeletons and smart 
clothing, which could potentially benefit from advance 
materials and energy harvesting biomedical engineering.  
Many industries which are involve producing mechanical and 
electrical component can be target for the design. More 
specifically companies working on medical devices, clothing 
industries are the first layer of approach for collaboration.   
 

Economic and 
Societal Impact (300 
words) 

Economic impact 
One of the more futuristic applications of this technology 
might be electrified clothing. It could power clothes 
impregnated with liquid crystal displays that allow wearers to 
change colors and patterns with a swipe on their smartphone. 
We are already measuring performance for the power 
requirement for a medium-sized low-power LCD display when 
scaling the performance to thickness and areas of the clothes 
we wear.  
It is believed that there are potential applications for the 
device beyond power systems. When incorporated into 
clothing, the UH harvester device can translate human motion 
into an electrical signal with high sensitivity that could provide 
a historical record of our movements. Or clothes that track our 
motions in three dimensions could be integrated with virtual 
reality technology. There are many directions that this could 
go. 
 

 

  



 

 

 
DTA3/COFUND Programme Research Project Proforma 

 
 

 

 
This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 801604. 

 

Page 3 – Admission Requirements 

 

Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

• Minimum BSc in engineering, physics, IT and computer 
sciences  

• PG in mechanical engineering, biomechanics, 
mechatronics, computer sciences is desirable 

• Relevant publication are desirable 
• Relevant industrial experience is desirable 
• Applicant may require carrying practical activities using 

general engineering equipment 
• Applicant may need to work with sanitary material and 

medical devices 
 
 

Minimum IELTS score IELTS score 6.5  

 

 

 


