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Abstract— This paper presents electrical characterization and 

power management circuit of textile-based enzymatic biofuel cell. 

Firstly, static electrical characteristics (open circuit voltage, short 

circuit current, and maximum power) of the enzymatic biofuel cell 

have been investigated by imposing a voltage across the biofuel cell 

and measuring corresponding output current. Output power of 

the biofuel cell has been characterized as a function of load 

resistance, while a glucose solution of 100 mM is fed from one end 

of the textile-based biofuel cell. Two-step approach based on 

supercapacitor and DC-DC converter has been proposed and 

tested as power management of the proposed biofuel cell.  

Keywords—Textile-based glucose fuel cell, energy harvesting, 

DC-DC converter, power management 

I. INTRODUCTION 

   Wearable devices have gained significant interest from 

academia and industry owing to their immense applications 

such as biomedical, health and entertainment etc [1, 2]. To 

realize the internet of things (IoT) for human body data or 

human-machine interactions, wearable devices need to be 

capable of undertaking multiple complex tasks and requires 

long term and sustainable energy sources.  

To address the above issues, the wearable power supply needs 

to be developed, which enables to generate electric power from 

body fluid for sustainable working [3, 4]. Here, a wearable 

textile-based glucose fuel cell is proposed using moisture 

management fabrics (MMF) for improved and long-term power 

generation as shown in Fig. 1. MMF is widely used as basic 

materials for a sportswear and shows very fast sweat absorption 

and water evaporation. It is composed of polyester with 

modified cross-sectional shapes for quick water absorbing and 

wicking, and has the series of closely spaced channels for high 

evaporation. The balance between fast water evaporation and 

absorption enables high flow rate and continuous flow within 

MMF. Owing to low-cost and scalable fabrication process, it 

can be easily integrated into clothes, socks or underwear to 

utilize the human body fluid like sweat, tear or urine as fuel 

resource to generate energy for wearable devices. The role of 

power management circuit for energy harvesters is critical for 

delivering maximum power from energy harvesters to energy 

storage element, for example, battery. Basically, it is achieved 

by matching load resistance with the internal resistance (or 

impedance) of the energy harvesters in many energy harvesters. 

Different approaches have been reported to achieve high-

efficiency energy harvesters [5-7]. Direct powering of low 

power electronics with a biofuel cell may be undesirable due to 

its low output voltage and load dependent characteristics [8]. 

Thus, a DC-DC converter is need as an interface circuit between 

biofuel cell and low power electronics. Due to low energy of 

biofuel cell energy harvester, multiple fuel cell element 

interconnected, for example, microbial fuel cell (MFC), is 

frequently used to increase output voltage as well as power 

capacity [9]. In this case, two-staged DC-DC converter could 

be used to achieve maximal energy harvesting; the first 

converter harvests the energy from an MFC and charges the 

storage capacitor, and the second layer converter boosts the 

voltage to an appropriate level for the connected load [9]. In this 

paper, preliminary test results of a two-staged power 

management of a textile-based biofuel cell is presented. 

  

II. TEXTILE-BASED ENZAYMATIC BIOFUEL CELL 

 

The textile-based glucose fuel cell consists of MMF, carbon 
cloth-based cathode and anode, and conductive thread as shown 
Fig. 1 (a). As depicted in Fig. 1 (b), the cathode and anode were 
fabricated by coating carbon cloth with Prussian blue (PB) 
nanoparticles and glucose oxidase (GOD), respectively. 
Especially, the carbon cloth for the cathode is treated with 30 % 
PTFE to enable the air exchange within the cathode for long-
term use. MMF in the middle is designed as channels with 
hydrophobic boundary for fuel resource absorption and 
transport. The conductive thread is used as a current collector to 
connect with the external loads. 

When 100 mM glucose in PBS solution was introduced into 
the chamber shown in Fig. 3 (a), the glucose fuel cell started to 
absorb the solution through MMF layer and guided it into the 
reaction region where PB and GOD electrodes existed. 
Subsequently, the voltage signal and current signal were 
recorded by a computer connected to picoammeter/voltage 
source through GPIB card using Labview program. To analyze 
the I-V curve, the electrical characteristics of the glucose fuel 
cell including the open circuit voltage, the short circuit current 
and the maximum power were obtained.  

Fig. 2 shows static electrical characteristics of the enzymatic 
biofuel cell. Open circuit voltage (Voc), short circuit current (Isc) 
and maximum output power have been extracted from the 
curves; Voc = 0.3 V, Isc = 200 μA and Pmax = 12 μW/cm2 for the 
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best case, Voc = 0.24 V, Isc = 60 μA and Pmax = 3 μW/cm2 for the 
worst case. 

 

 
Fig. 1 Textile-based biofuel cell 

 

 

 
Fig. 2 Static electrical characteristics of the proposed enzymatic 

biofuel cell 

 

III. ELECTRICAL CHRACTERIZATION OF BIOFUEL CELL 

First of all, output power of the biofuel cell has been 

characterized as a function of load resistance, while a glucose 

solution of 100 mM is fed from one end of the textile-based 

biofuel cell as depicted in Fig. 3. The output power has been 

measured up to 30 minutes at a step of 15 minutes and the 

optimal load resistance value is found around 100 kΩ. Given 

with the optimal load resistance, maximum output power is 

about 0.3 μW/cm2. Note that the output power has increased 

until 30 minutes after starting the measurement and the 

electrode (black color in the figure) size is 1 cm2. 

 

 
(a)  

 

(b)  
Fig.  3 Electrical characterization of the biofuel cell 

 

As the harvested power is not large, another sample with lager 

electrode has been tested, while a wind of 0.8 m/s is applied 

onto the biofuel cell. The wind plays a role of accelerating of 

liquid evaporation and thus preventing the channel from being 

saturated by the glucose solution. This 0.8 m/s wind speed 

corresponds to slow walking speed of human (the average is 

about 1.4 m/s [10]). In the same way as the previous one, the 

output power has been measured as shown in Fig. 4. 

Interestingly, the biofuel cell with larger electrode shows higher 

power output than the previous one, 1.4 µW/cm2 with an 

optimal resistance of 2 kΩ. After that, dynamic electrical 

characteristic of the biofuel cell is also characterized as 

presented in Fig. 5. The output voltage needs stabilization time 

of about 100 seconds when the load resistance is changed from 

200 kΩ to 100 kΩ. This dynamic response will be useful to 

determine capacitance value of electrical circuit model of the 

biofuel cell. 

 

 R

Fuel cell

Glucose 

solution 

(100 mM)

 

1 10 100 1000

0,00

0,04

0,08

0,12

0,16

0,20

0,24

0,28

0,32

P
o

u
t (
m

W
)

Rload (kohms)

 t = 0 minute

 t = 15 minutes

 t = 30 minutes



 
Fig.  4 Output power vs. Rload with larger electrode 

 

 
Fig. 5 Dynamic response of the biofuel cell 

Due to small output power of the biofuel cell, a supercapacitor 
has been used as an intermediate element between the biofuel 
cell and DC-DC converter. The approach converting the energy 
generated by the biofuel cell is that it is first stored in a 
supercapacitor and then it is fed into DC-DC converter for power 
management. Hence, a supercapacitor of 220 mF is directly 
connected with the biofuel cell to find charging characteristic as 
a function of charging time as shown in Fig. 6. Charging time to 
reach Vsupercap = 100 mV is 40 minutes after which DC-DC 
conversion can be started. 

 
Fig. 6 Evolution of output voltage and energy stored at 0.22 F 

supercapacitor  

A Buck-boost DC-DC converter is then connected with the 
supercapacitor after it is charged up to 100 mV as shown in Fig. 

7. The DC-DC converter is used to step up the supercapacitor 
voltage suitable for conventional battery. Energy stored at the 
supercapacitor is converted through inductor L1 and diode D 
before it is charged into output capacitor C1 by adjusting duty 
cycle of clock control signal of switch. Evolution of the voltage 
on supercapacitor and C1 at different conditions is presented in 
Fig. 8. Output voltage is ranged from 2.5 V to 4 V and 
conversion time (i.e. time needed to extract more than 90% of 
the energy stored in the supercapacitor) is around one minute for 
all of cases. 

  

 

 

Fig. 7 Overall energy conversion circuit of the biofuel cell 

 

 
Fig. 8 Evolution of supercapacitor voltage and output voltage 

due to DC-DC conversion 
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IV. CONCLUSION 

Textile-based enzymatic biofuel cell has been electrically 

characterized and combined with power management circuit as 

a wearable energy source. The biofuel cell shows electrode-size 

dependent internal impedance, which is a critical parameter for 

efficient power transfer. A two-step power management circuit, 

composed of a DC-DC converter combined with an intermediate 

supercapacitor, has been successfully demonstrated. This circuit 

enables to increase the output voltage, making thus possible to 

power various electronic devices with the harvested energy.  
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