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Outline Scaling up
● W earable electronics  batteries  as  a tool to bring 

innovations  f rom lab to indus try

S caling down
● Des ign concepts  when miniaturizing batteries

S ummary
● My mes s age to res earchers , policy makers  and battery 

indus try
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Scaling up
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Europe has been focusing in the EV and stationary 
s torage batteries .

New battery innovations  are often f irs t tes ted in 
cons umer electronics  products . If  E urope s tarts  

with E V  batteries , we are already late.
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Wearable electronics offer a faster 
path from lab to market

Quick learnings 
from system level 
tests

Fail fast

Battery innovations  
in wearable 
electronics vs. 
electric vehicles

Scale fast

Fast development 
cycles

Succeed fast
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Scaling down
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Thicker electrodes increase energy density but slow down 
charging rates . Fas t charging has  an impact on degradation, 
es pecially if  thick  electrodes  are us ed.

B alancing charging s peed, energy dens ity and cycle life is  a mus t.

Sub-optimization does not lead to success.

C -rate

E nergy dens ity

R atio of  active vs . inactive material changes  when the 
battery volume changes . S maller batteries  have, 
relatively, more inactive materials  due to cas ing etc .

Put focus on effective casing.

P erimeter to area ratio

S caling up and down is  more challenging than jus t s caling up as  the 
edge ef fects  s tart to dominate. S ee e.g., a nice paper by S curtu et 
al.: F rom s mall batteries  to big c laims  | Nature Nanotechnology

Understand the edge effects.

Design concepts when scaling down
W hat to cons ider in res earch projects
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F orm f actor
The product def ines  the battery s hape. Or does  the 
battery def ine the product s hape?  In any cas e, the 
battery mus t match the device’s  geometry. Non-rigid, 
curved batteries  are needed in s everal cons umer 
electronics  or medical products .

New form factors enable freedom of design.

https://www.nature.com/articles/s41565-025-01906-3
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Optimising the battery life 
in wearable electronics 
products
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Maximise battery capacity:

V olumetric energy dens ity (Wh/l) is  the key; s pecif ic  
energy (Wh/kg) is  not that relevant. E very increas e 
in capacity mus t be achieved by higher energy 
dens ity materials , not s ize increas e. E verything is  
l imited by the trade-of f  between s ize and runtime.

Minimise energy use:

F or example, S mart S ens ing in Oura R ing 4  is  
powered by an algorithm that works  with the 
s ens ors  to dynamically s elect the bes t s ignal 
pathway. B ecaus e it's  cons tantly f inding the bes t 
and mos t ef f ic ient s ignal pathway, it optimizes  
battery us age by only us ing the power it needs .
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Sensitivity
If  a material works  only ins ide a glove 
box, it can’t be us ed by indus try. 

R eporting protocols

P lan the work s o that it will fulf il e.g., 
the B attery 203 0+ protocols  to avoid 
over-optimis tic  promis es .

C ommunication between 
academy & indus try

Find a way to dis cus s  your work with 
indus try.

Scaling up and down
H ow to us e the limited res earch funding in a s us tainable way

P roces s ability

P roces s ability needs  to be 
cons idered already in an early s tage. 
Yield los s es  due to incons is tent 
quality mus t be avoided.

S af ety

For example, s olid-s tate batteries  are 
advertis ed as  a s afe option. B ut are 
all of  them s afe?

P ublications

Your work can have a big impact! 
P ublications  are read in indus try too.
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Wearable electronics batteries 
enable you to scale fast & fail 
fast , and thus , s ucceed fas t.

To battery industry To policy makers

W e can’t forget s calability in 
funding: Safe, sustainable and 
scalable by design (S S S bD) 
approach is  needed.

To researchers

Think out of the glove box when 
tes ting your ideas .

My mes s age



Proprietary & Confidential 13P roprietary & C onf idential

Questions?

S C ALING UP  AND DOW N


	Scaling up and down
Batteries for wearable electronics

Marja Vilkman�Battery Innovation Days 2025
	Hei
	Outline
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	C-rate
	Slide Number 10
	Sensitivity
	Slide Number 12
	Slide Number 13

