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� State of the art

� Increasing number of intelligent implants for long-term use

� Implant primary batteries with limited life-time

� Frequent surgical replacement

� Requirements

� Sustainable power source

� Options

� Improvement of state of the art batteries

� Harvesting of ambient body energy

Motivation
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Energy Harvesting

� Mechanical generators
� high power output (~ 1 W )

� discontinuous

� pressure necrosis

� Thermoelectric converters
� temperature gradient required

� discontinuous

� low power output (100 µW)

� Electrochemical cells (e.g. Biofuel cells)
� low power output (in practice 100 µW)

� natural biochemical transfer of chemical energy 

� continuous supply of ambient energy (e.g. glucose)
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Biofuel Cell Options

1. Enzymatic fuel cell
- limited long-term stability

2. Direct glucose fuel cell
+  robust non-bio-catalyst approach

+  biocompatible concept

- lifetime in vivo > 5 month demonstrated

3. Mammalian & Microbial fuel cell
+  self regenerating

+  superior life-time > 5 years reported (in vitro)

- control of cell growth, immune system
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Project Objectives

� Prototype implantable biofuel cell

� biocompatible

� long term stable

� sufficient power to supply low-power 

medical implants (~100 µW)

� integrable into medical devices
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Fuel Cell Reaction

C6 H12O6 + H2O  C6 H12O7 + 2 H+ + 2e-

½ O2 + 2 H+ + 2e- H20

C6 H12O6 + ½ O2  C6 H12O7

anode

cathode

overall

e-

glucose
gluconic

acid
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Direct Glucose Fuel Cell (IMTEK)

� Materials and construction

hydrogel matrix

glucose electrode

oxygen electrodes

detail

power cables

casing

electron collectors

glucose

ox. prod.

platinum 
catalyst

H+

carbon

e-

hydrogel
matrix

direct glucose fuel cellCross section of fuel cell Detail

Pt-screen

Carbon

Polymer

Materials
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Direct Glucose Fuel Cell

� Performance of demonstrator
� Power: >1µW over 26 days at 

400 mV

Power output of direct glucose fuel cellIn-vitro operation of demonstrator

Membrane-
electrode
unit

Casing

Cables
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Direct Glucose Fuel Cell

� Project Outlook

� Improvement of power output

� Power management system

� Biocompatibility testing

� Integration into medical device

Pace maker with fuel cell coating
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Exploitation Plans (1)

Materials & 
biocompatibility of materials

Eelectrochemical energy 
harvesting and sensing

Electrochemical catalysts
at physiological conditions

Modelling of Biofuel 
cell fluidics

Micro-Nanofabrication 
methods
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TechnologiesTechnologies

MarketsMarkets


