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Presentation Notes
Introduce myself and KYMIRA by name. Brief background on myself (my name, background, role in R&D and projects at KYMIRA)Give an outline of what the presentation will be aboutOthers have spoken in detail about the intricacies of EH, future innovations and developments. I want to illustrate the applications of these technologies in wearables



Brief Background

• UK based SME operating in fitness and 

healthcare

• Infrared (IR) Sportswear sold globally 

• R&D into energy harvesting wearables 

and e - textiles

Presenter
Presentation Notes
Brief background on KYMIRADuration of operation – formed in 2013, grown to 7 employees and countingCurrent output – IR sportswear, growth and global reach. Passively absorbs wasted heat energy from the body and light in the surroundings converts to FIR to enhance performance… leading to us to see if we can take EH further with other methods in wearablesClarify deviation of smart clothing/wearables terminology



www.storyjumper.com
www.experiencelife.com

Presenter
Presentation Notes
Harnesses heat energy. KYMIRA’s fabrics harness wasted heat energy radiated from the body and convert it into far-infrared radiation (FIR)FIR is re-emitted back and penetrates the skin, causing a number of biological responses. Re-emittance, causes nitric oxide release. Vasodilation and other benefits. These responses have been proven to enhance athletic performance and recovery, as well as provide a plethora of medical benefitshttps://www.storyjumper.com/book/index/34533666/Blood-Flowhttps://experiencelife.com/article/how-exercise-affects-circulation-and-vice-versa/



Smart Clothing today

Ref: IDTechEx

Presenter
Presentation Notes
Take a look at this graph. Where do you see energy harvesting on here? Wearables have gone through it…Wearables Penetrating but commercial energy harvesting wearables are few and far between. Wearable technology in general is slowly penetrating the markets Wearables themselves are now in an enlightenment period Aside from energy harvesting, Wearable technology has been growing for a while and the “hype” period may have already passed. Several companies have fallen by the wayside, previous industry leader Jawbone being one of them, but the rise of devices like Fitbit watches in recent years demonstrates demand is there for the right products that provide genuine benefits to the end user. This enlightenment period suggests widespread implementation possible in the near futureStill hurdles in place for widespread implementation, if hurdles can be overcome



Obstacles to wearable 
technologies

• Cumbersome batteries 

• Constant recharging

• For extended lifetime –

• increase storage 

capacity (battery size 

usually)

• reduce power 

consumption 

dreamstime.com

Presenter
Presentation Notes
Fitness watches are leading the way and standing aloneExplain the obstacles. Finances - EH R&D is small with big companies that don’t specialise, smaller companies lack expertise/capitalMeasuring inaccuracies top concern – this corresponds to better components = more power the issue againScaling the ideas upEmphasis on cumbersome batteries to match power requirements for high power devicesHigh power requirements require frequent charging which is annoying. Device user time low due to high power tech and limited battery outputValencell survey highlighted user disinterest when having to constantly recharge. Extended lifetime imperativetwo methods for extended lifetimeBarring clever innovations, fundamentally storage capacity is limited to the size of the battery size and power consumption, whilst depreciating with tech advancements, is still enough to drain batteries thoroughly. So what else can help? Surely a method of supporting, or replacing this battery supply..



KYMIRA’s R&D

• Thermoelectric 

• Mechanical 

• Electromagnetic 

• Can all be integrated with 

wearable textiles

Presenter
Presentation Notes
Internal R&D coupled with our Innovate UK funded 2016 study identified three EH methods applicable in clothing: TEGs in garments can be implemented to utilise the temp gradient in human and air. Seebeck effect.Mechanical – Piezoelectric effect able to harvest energy on joint flexes. Triboelectric mechanisms were tested but ultimately found too weak. Piezoelectric has a stronger output and presents a passive source of energy.Electromagnetic harvesting Using magnetic induction to harvest ambient RF energy. Will involve wireless power transfer via strongly coupled magnetic resonance using coil meshes embedded into fabric yarns.All textiles being produced have the same tension as regular clothing fibres, so there is no burden on an end user whilst harvesting energy. They are also being designed to be machine washable



Mechanical - PVDF

• Piezoelectric polymer (PVDF) fibre 

sheets

• 5 x 10cm in size, scalability very 

feasible

• Best knee rig prototype produced 

18.5 nW

• Impact testing power output of 493 

microwatts (0.493mW)

Presenter
Presentation Notes
2016 IUK study investigated applying piezoelectric and triboelectric (ZnO nanorod array) methods in harvesting mechanical output energy on the human bodyElectrospun polymer threads provide best combination of flexibility, durability, energy generation capabaility as well as ease of manufacturing and implementation into current/future sportswear productselectrospun piezoelectric polymers sandwiched between two conductive fabric electrodes5 x 10 but could easily be produced in larger surface area such as fabric panels in a garment: sleeve, pair of socks, even a whole t-shirtDid human motion analysis prior to design a test rig and then created this knee joint structure to simulate movements common in humans. Best knee rig prototype produced a power output of 18.5 nW, human test gave 17.6nW (95%)Explain testing procedure: 3 motion files – walking, running, going up stairs. 3 resistor values. 6 seconds of data measuredPrototypes performed better under impact. Demonstrated through impact testing and human elbow joint testInner elbow joint. Human testing on inner elbow joint provided combination of flex stress and impactPiezoelectric methods proved most effective. Four piezoelectric polymer (PVDF) fibre sheets prototypes 5 x 10cm in size, scalability very feasibleBest knee rig prototype produced 18.5 nW Impact testing produced peak instantaneous power output of 493 microwatts (0.493mW)Human testing on inner elbow joint performed exceptionally well Unrefined, you all know the potential of PVDF



Thermoelectric –
Wearable TEG 

• Device used Bi2Te3 as the TEG 

material

• Dimensions: 35mm x 45mm

• Output:

• 10-12 mV (~4µW) open circuit worn 

by a person at rest

• 20 mV (~14µW) with moderate 

airflow

Presenter
Presentation Notes
Partnered with European Thermodynamics (ETDYN) to develop a textile-integrated thermoelectric generator (TEG) prototypeDevice used Bi2Te3 as the TEG materialDimensions: 35mm x 45mmOutput:10-12 mV (~4µW) open circuit worn by a person at rest20 mV (~14µW) with moderate airflow



Electromagnetic –
Wireless power transfer

Magnetic induction for mid-range WPT

• Maximize this power transfer

• Construct structure to embed into fabrics

• Harvest ambient RF waves

• Power and data transfer

Presenter
Presentation Notes
Brief, we have looked at implementing this into clothingInternal R&D into this in (conjunction with CTO’s PHD). Strongly coupled magnetic resonance allows high level wireless power transfer over mid-range distances (tens of centimetres to a few metres)Concept of entering a room and your garment electricals being able to harvest the ambient RF wavesCan then harvest ambient RF waves found in city environmentsRefer to example of RF harvesting in literature (Steve Beeby at Southampton chair)



Potential for EH in 
apparel

• Vast amounts of energy 

to be harvested

• Current TEG prototype 

body cover = 0.014W in 

wind flow!

Presenter
Presentation Notes
I know the hype has been long discussed but it is only a matter of time before gradual implementation of smart clothing leads to widespread use of an array of wearable devicesHuman body is perfect canvas for harvesting energy. Human joints present areas for mechanical harvesting and the skin presents thermal eh potential , without inhibiting user 2 meters square skin available for harvesting. Theoretically if body covered with mechanical prototypes we would generate 0.014W…power in windflowWith further manufacturing, this could improve on a 3/4x scale still using Bi2Te2 Combined with piezoelectric gear improvements it is clear that this could be scaled upwards



Today’s Energy Harvesting 
Smart Clothing

http://www.soldiermod.com

https://www.cnbc.com

Presenter
Presentation Notes
A quick google search of EH wearables will primarily bring up research articles dating as far back as 2015. Commercial products are very scarceNeed sleek, light, well performing products!Beware the gimmicks… Ampy – attempted to use human motion to store electrical energy for portable device charging. Bad reviews, very poor output. Some items are gimmicky, beware. Bands using Faraday’s law of induction to make simple mechanisms.Witt energy seem to have this technology down. Gyroscope methodSolepower – using piezoelectric energy to measure data and provide safety signals, Succeeding. Vertical motion. Bionic Power – leg brace for soldiersMechanical energy harvesting wearables that utilise human motion to charge a battery directly or power LED’s/sensors. All worthwhile technologies with several applications. Majority of interest seems to be in military and construction, with supposed further trials in the coming years to finalise iterations. Their power outputs seem to suggest decent power generation. Helpful, not necessarily a solution.Solar energy harvesting methods have been toyed with in fashion as early as 2007* with interesting results. I doubt people will take to donning PV wings that give their phones 10% charge so this clearly has room for improvement. Solar energy harvested in smart watches/bracelets Low power components to maximise battery life often compromises system performance. Poor accuracy in device is common complaint. With better battery life, better components can be introducedhttp://www.soldiermod.com/volume-15/bionic-power.htmlhttps://www.cnbc.com/2017/05/09/solepowers-smart-work-boots-generate-power-with-each-footstep.html



EH can be the solution 
wearables need

• Power consumption 

reducing faster than 

EH techniques 

improving 

• EH Advancements key 

to widespread 

wearable tech

Presenter
Presentation Notes
EH techniques definitely worth exploring as applications are vast in wearables aloneEH can be the answer to the problem that is holding back the commercial growth of wearables EH techniques are not improving as fast as components are being made with reduced power consumptionIf energy can be harvested faster than it is consumed, the power consumption problem in wearables can be solved.Advancements in EH techniques could be key to widespread wearable tech use. Whilst saying wearables will depend on EH is pre-emptive, it is evident EH can play a significant part in their implementation.



What EH can do for 
wearables

• Energy harvesting -
IoT, AR/VR, transport

• Healthcare – real-
time monitoring 
devices

• Widespread 
implementation of 
“everyday wearables”

www.vigyanix.com

Presenter
Presentation Notes
EH on a whole could power IoT devices for constant use, be the backing power for portable VR/AR devices to be implemented, provide power for public transport and cars (TEGs already in vehicles)Describe possible long term health monitoring devices, reference to healthcare. Our design here is a prototype being further developed to be battery-less using energy harvestingCommercial wearables can become battery-less and therefore smaller; improving aesthetic, weight, size and compatibility. Same way phones have become synonomous, other wearables too (bracelet, necklace, undervest, helmet etc)https://vigyanix.com/blog/wearable-technology-an-extension-to-human-body/



Future plans for innovation
• The body is a constant energy source. 

Collective EH methods = big supply of energy
• 2 follow on projects ongoing, more planned
• Open to further collaboration in the future

Presenter
Presentation Notes
Follow on projects in the pipeline and their implicationsCollection of little EH metrics all over the body are the way to go, potential all over the body with different methods. Detail how combining EH techniques may be the answer and presents the best power output (PV/TEG generator demonstrates this)EH likely to start out as supplements to chargeable wearables before widespread use and battery removal. EH development can expedite wearables development, providing growth in both sectors simultaneouslyKYMIRA sport has already been used by Olympic athletes and professional sport teams. We have 3 ongoing R&D projects, with another starting soon that will look to develop the TEG wearable tech into a full prototype to be implemented in ski gear. In partnerships with several companies (name drop) and do want to manufacture In the future. Looking for more partnerships in the future



ULTIMATE GOAL: 
A wearer powered smart garment that can detect the precursors to a heart attack, diagnose and action an emergency 

Presenter
Presentation Notes
This is our ultimate aim, that will be based upon the energy harvesting technologies we are developing for wearables now. We hope this device, and others like it, will be capable of preventing serious injury and death of all types of future wearers.



Thank You – Q & A

Toju Raine – Special Projects Lead

toju@kymira.co.uk

www.kymira.co.uk

www.kymirasport.com
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