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 This paper demonstrates a simple and cost-effective bio-energy generation 

through biochemical reaction between yeast and sugar. Correlation of energy 

released between baker yeast Saccharomyces cerevisiae concentration  

and sugar solution concentration can be observed significantly over laboratory 

works. A certain number of electrons is released during  

the process of ethanol fermentation, in which sugars are broken down  

into ethanol and carbon dioxide. Consequently, bio-energy can be captured via 

two copper rods during the fermentation period from different concentration 

variables using the principle of microbial fuel cell (MFC).  

In this case, yeast and sugar have been selected as the concentration variables. 

The experiment works concluded that higher concentration  

of sugar solution correlates to the increment of energy output.  

However, the concentration of sugar beyond 0.6g/ml causes instability  

of the energy output. At the same time, another considerable limiting factor of 

the energy output is the area of separation membrane. The overabundance of 

sugar concentration can lead to adverse effects in harvesting  

the bio-energy. 

Keywords: 

Bioelectricity  

Biomass 

Electrochemical energy  

Ethanol fermentation  

Microbial fuel cell 

Renewable energy 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Teng Howe Cheng,  

Department of Electrical Power Engineering, 

Universiti Tun Hussein Onn Malaysia, 

Parit Raja, 86400 Batu Pahat, Johor, Malaysia. 

Email: ge170107@siswa.uthm.edu.my 

 

 

1. INTRODUCTION 

Baker yeast Saccharomyces cerevisiae [1]is one of the popular experimental models for microbiology 

and biochemistry for decades [2-4]. Chemical products by this microbial fermentation potentially allow new 

polymer synthesis, cost reduction in manufacture and conceivable use of renewable feedstocks [5].  

These single-celled eukaryotic fungi are most familiar as the active part in bread making.  

It is known that Saccharomyces cerevisiae swiftly alters sugars to ethanol and carbon dioxide, CO2.  

These gases trapped by gluten in bread making which causes the loaf to rise [6-8].  

During growth, yeast cells utilize the substrates to acquire essential energy in two ways: glycolysis 

and respiration. Glycolysis involves the conversion of one molecule of sucrose into two molecules  

of pyruvate with two molecules of ATP. Pyruvate can be expelled from yeast after decarboxylation  

to ethanol. Degradation of sugar [9-12], ethanol fermentation [13-16], also termed alcoholic fermentation.  

It can be happened in both anaerobic and aerobic conditions, with the presence or absence of oxygen, indirectly 

produces energy due to metabolism [17]. Ethanol produced from the fermentation can contribute to energy 

generation [18]. During the fermentation period, disassociation of substrate [19] by the enzymic activity will 

produce energy which usually being overlooked. Therefore, the aim of this paper is to perform an analytical 

https://creativecommons.org/licenses/by-sa/4.0/
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assessment on the potential of yeast to become an alternative energy source while providing theoretical 

principles on how energy was generated. 

 

 

2. METHODOLOGY 

The experiment used Saccharomyces cerevisiae yeast as the core of the Microbial Fuel Cell  

(MFC) [20-22]. Simultaneous conduction of the five bio-energy fuel cell experiment is to determine  

the electrical output based on the concentration of yeast and sugar. The experiment is setup by following  

the step-by-step processes as illustrated in Figure 1 and end product as depicted in Figure 2. 
 

 

Start

Weight appropriate amount of sugar for different 

sugar solution concentration 

Mix with 60ml of water

Prepare sugar solution with different concentration

(0.2g/ml, 0.4g/ml, 0.6g/ml, 0.8g/ml and 1.0g/ml)

Five samples prepared?

Pour into beakers each with different concentration

(0.2g/ml, 0.4g/ml, 0.6g/ml, 0.8g/ml and 1.0g/ml)

No

Prepare yeast solution with different concentration

(0.02g/ml, 0.04g/ml, 0.06g/ml, 0.08g/ml and 0.1g/ml)

Weight appropriate amount of yeast for different 

yeast solution concentration 

Mix with 50ml of water

Pour into dialysis tube each with different concentration

(0.02g/ml, 0.04g/ml, 0.06g/ml, 0.08g/ml and 0.1g/ml)

Five samples prepared?

No

Prepare and pour 10ml of yeast solution 

concentration of 0.1g/ml into five dialysis tubes

Prepare and pour 60ml of sugar solution 

concentration of 0.6g/ml into five beakers

Tie each dialysis tube to a straw and submerge it 

into the sugar solution with copper rod placed

Tie each dialysis tube to a straw and submerge it 

into the sugar solution with copper rod placed

Wait for 10 minutes Wait for 10 minutes

Any reaction? Any reaction?

Replace the yeast 

solution 

Replace the yeast 

solution 

Yes

No

Yes

No

Measure voltage and current produced

Record each measurement in 10 minutes interval

Time >100 minutes?

YesYes

No

Analyze the data and prepare report

End

Yes

 

Figure 1. Experimental method flowchart 
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Figure 2.Experiment setup of yeast bio-energy fuel cell 

 

 

2.1.  Sugar concentration experiment design 

 In this experiment, five dialysis tubes (2.54 cm x 6 cm) is used, each contains yeast solution with 

constant volume and concentration of 10 ml and 0.1 g/ml respectively, while 60 ml of sugar solution 

concentration varies in 0.2 g/ml, 0.4 g/ml, 0.6 g/ml, 0.8 g/ml and 1 g/ml in five beakers as shown in Table 1, 

in which the purpose is to test the changes of energy emitted due to the changes in sugar concentration. Dialysis 

tube containing yeast solution is tied together with drinking straw in order to release  

the carbon dioxide and ethanol produced during the reaction. Two copper rods served as the terminal  

are placed in both yeast solution and sugar solution. Then the sample is kept rest for 1 hour in room temperature 

of 26-28℃ for stabilization before the first measuring is taken. 

 

 

Table 1. Sugar concentration proportion 
Beakers Sugar amount (g) Sugar solution concentration(g/ml) 

1 12 0.2 

2 24 0.4 
3 36 0.6 

4 48 0.8 

5 60 1.0 

 

 

2.2.  Maintaining the integrity of the specifications 

 Differs from the previously done experiments, this test is to determine the concentration of yeast that 

affects the output energy with a similar experimental setup. Yeast is mixed in 50 ml of water to regulate its 

concentration. Each solution has a constant volume as the preceding experiment. Sugar solution remains 

constant at 0.6 g/ml concentration whereas yeast varies in 0.02 g/ml, 0.04 g/ml, 0.06 g/ml, 0.08 g/ml  

and 0.1 g/ml as shown in Table 2. 

 

 

Table 2. Yeast concentration proportion 
Beakers Yeast amount (g) Yeast solution concentration (g/ml) 

1 1 0.02 
2 2 0.04 

3 3 0.06 

4 4 0.08 
5 5 0.10 

 

 

3. RESULTS 

 Implementing membrane between yeast solution and sugar solution can force the reaction through  

a bridge, where the energy is harvested. Hence, it is hypothesized that the more concentrated sugar and yeast 

amount, the more energy can be produced. 

 

3.1.  Sugar and yeast concentration outcome 

 Voltage and current are taken every ten minutes from each sample for each experiment which  

is tabulated in Table 3 and Table 4. 

Positive 

Terminal (+) 

Copper Rod 

Dialysis Tube 

filled with 
yeast solution, 

tied to straw 

for gas release 

Sugar solution 

in beaker 

Negative Terminal (-) 

Copper Rod 
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Table 3. Measurement of voltage and current with different sugar concentrations 
Beaker 1 2 3 4 5 

Concentration (g/ml) 0.2 0.4 0.6 0.8 1.0 

Time (min) mV µA mV µA mV µA mV µA mV µA 

10 24.7 5.1 114.5 4.8 139.2 5.0 143.5 5.5 117.3 5.7 

20 31.1 4.0 145.8 4.0 142.9 4.7 157.5 5.0 111.6 5.6 

30 15.5 4.0 166.4 4.6 141.1 4.5 154.6 4.7 78.2 4.9 
40 25.5 5.0 148.2 3.5 152.5 4.6 141.0 4.3 116.4 5.1 

50 22.0 3.9 155.1 4.5 155.5 4.8 133.1 4.0 96.8 5.5 

60 22.3 3.7 136.3 3.4 160.1 4.4 133.7 3.7 93.8 5.4 
70 19.3 3.5 142.4 3.8 158.2 4.7 128.9 3.9 92.1 5.3 

80 21.2 4.0 145.7 4.0 157.5 4.3 131.2 3.5 88.7 5.7 

90 24.6 3.6 145.2 3.9 159.3 4.5 127.4 3.3 89.5 5.5 
100 18.1 3.3 137.5 3.8 154.8 4.5 125.3 3.2 85.9 5.1 

 

 

Table 4. Measurement of voltage and current with different yeast concentrations 
Beaker 1 2 3 4 5 

Concentration (g/ml) 0.02 0.04 0.06 0.08 0.1 

Time (min) mV µA mV µA mV µA mV µA mV µA 

10 7.3 4.5 35.1 3.8 136.6 3.8 137.4 4.8 147.9 4.3 

20 8.0 4.2 134.8 3.6 136.4 3.7 138.0 4.6 150.4 4.1 
30 68.5 4.0 134.3 3.4 136.3 3.7 138.6 4.3 151.4 4.0 

40 68.9 3.8 133.5 3.3 136.0 3.6 139.2 4.2 151.9 4.0 

50 69.4 3.6 132.6 3.2 135.9 3.5 140.3 4.1 152.8 3.9 
60 70.1 3.1 132.4 3.0 135.8 3.5 140.9 3.9 153.3 3.6 

70 70.6 3.2 132.2 3.0 135.8 3.6 141.7 3.6 154.0 3.6 

80 71.2 3.0 131.9 2.9 136.0 3.5 142.1 3.5 154.8 3.4 
90 71.6 2.9 132.0 2.9 135.9 3.3 143.4 3.1 155.1 3.2 

100 71.7 2.6 131.5 2.8 137.9 2.9 144.5 3.0 154.7 3.1 

 

 

3.2.  Calculated energy output 

In order to determine the energy output from the sample, power (P) is calculated using (1),  

and energy is then calculated using (2) which is tabulated in Table 5 and Table 6 using cumulative frequency 

table method. 
 

P V I=   (1) 
 

where P is power in watt (W), V is voltage (V) measured from the sample, and I is the current (A) measured 

from the samples. 
 

E P t=   (2) 
 

where E is energy in joule (J) and t is time in second (s) which is assumed 1 sec as it is an  

instantaneous measurement. 

 Energy generation from the sugar concentration experiment as the numerical results given in 

Table 5 is plotted as in Figure 3. Beaker 3 has demonstrated steady energy output for 0.6 g/ml sugar 

concentration. Hence, it is chosen to test the yeast concentration since it is the most stable with moderate 

deviations and able to maintain the energy output. Figure 4 describes the energy generation from yeast 

concentration experiment as tabulated in Table 6. The energy generation from 0.1g/ml yeast concentration 

matches part of the hypothesis made earlier in this section. 
 
 

Table 5. Cumulative energy generation of each beaker with different sugar concentration 
Beaker 1 2 3 4 5 

Concentration (g/ml) 0.2 0.4 0.6 0.8 1.0 

Time (min) Energy (nJ) Energy (nJ) Energy (nJ) Energy (nJ) Energy (nJ) 

10 125.97 549.6 696 789.25 668.61 
20 250.37 1132.8 1367.63 1576.75 1293.57 

30 312.37 1898.24 2002.58 2303.37 1676.75 

40 439.87 2416.94 2704.08 2909.67 2270.39 
50 525.67 3114.89 3450.48 3442.07 2802.79 

60 608.18 3578.31 4154.92 3936.76 3309.31 

70 675.73 4119.43 4898.46 4439.47 3797.44 
80 760.53 4702.23 5575.71 4898.67 4303.03 

90 849.09 5268.51 6292.56 5319.09 4795.28 

100 908.82 5791.01 6989.16 5720.05 5233.37 
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Figure 3. Cumulative frequency plot in sugar concentration experiment 
 

 

 
 

Figure 4. Cumulative frequency plot in yeast concentration experiment 
 

 

Table 6. Cumulative energy generation of each beaker with different yeast concentration 
Beaker 1 2 3 4 5 

Concentration (g/ml) 0.2 0.4 0.6 0.8 1.0 

Time (min) Energy (nJ) Energy (nJ) Energy (nJ) Energy (nJ) Energy (nJ) 

10 302.85 513.38 519.08 659.52 635.97 
20 588.45 998.66 1023.76 1294.32 1252.61 

30 862.45 1455.28 1528.07 1890.3 1858.21 

40 1124.27 1895.83 2017.67 2474.94 2465.81 
50 1374.11 2320.15 2493.32 3050.17 3061.73 

60 1591.42 2717.35 2968.62 3599.68 3613.61 

70 1817.34 3113.95 3457.5 4109.8 4168.01 
80 2030.94 3496.46 3933.5 4607.15 4694.33 

90 2238.58 3879.26 4381.97 5051.69 5190.65 

100 2425 4247.46 4781.88 5485.19 5670.22 

 

 

4. DISCUSSION 

4.1.  Conversion of sugar to energy 

Fermentation of yeast in sugar water will produce ethanol and carbon dioxide as a byproduct.  

In the chemical formula, sugar is known as sucrose [23], which contains twelve carbon atoms, twenty two 

hydrogen atoms, and eleven oxygen atoms. In order to convert sucrose to glucose, water is mixed which 

glycosidic linkage will be cleaved by invertase to form two moles of glucose [24]as given in (3). 

 

12 22 11 2 6 12 62C H O H O C H O+ →  (3) 

 

Hence, once alcoholic fermentation is taken place, one mole of glucose will be converted into two moles  

of ethanol and two moles of carbon dioxide via yeast reaction as shown in (4). 
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6 12 6 2 5 22 2
yeast

C H O C H OH CO⎯⎯⎯→ +
 (4) 

 

During the fermentation period, the glucose molecule is broken down into two pyruvate molecules and two 

water molecules known as glycolysis, (5). 

 

6 12 6 3 22 2 2 2 2 2 2 2 2C H O ADP Pi NAD CH COCOO ATP NADH H O H e+ − + −+ + + → + + + + +  (5) 

 

32CH COCOO−

 is pyruvate, and Pi is inorganic phosphate. Ethanol and carbon dioxide [25] 

is converted from pyruvate in the following (6) and (7): 

 

3 3 22CH COCOO H CH CHO CO− ++ → +
 (6) 

 

3 2 5CH CHO NADH H C H OH NAD+ ++ + → +
 (7) 

 

As shown by the reaction equation, glycolysis causes the reduction of two molecules of nicotinamide adenine 

dinucleotide (NAD+) to reduced form as NADH [26]. Two (adenosine diphosphate) ADP molecules are also 

converted to two ATP and two water molecules viasubstrate-level phosphorylation. 

 

4.2. Yeast energy reduction over time 

 Molar mass of sucrose is 342.2965 g/mol, whereas one mole always has the same number of objects 

which is 6.022x1023. Hence, one molecule of sucrose is described as (8): 

  

( )
grams

moles grams
mole

=
  

 

22

23

(342 / )
5.68 10 /

(6.022 10 / )

g mol
g molecule

molecules mol

−= 


 (8) 
 

One gram of sugar contains: 
 

21

22

1
1.76 10

5.68 10 /

g
molecule

g molecule−
= 


 (9) 

 

As a result, two electrons will be produced from one molecule of sucrose during the fermentation 

period due to the oxidation of the hydrogen atom. Therefore, 3.52x1021 electrons will be released from one 

gram of sugar. Electrical charges (Q) is then calculated with the unit Coulomb (C) which contains 6.242x1018 

electrons per C determined by (10). 
 

 
19

( ) ( ) arg
1.602 10C e Electron Ch e

Q Q −=  
 (10) 

 

   ( 1)  
563.9

from g of sugarCQ C =
 (11) 

 

Electric charge, Q(C) is then calculated from maximum value as recorded in the testing of 0.02g/ml 

yeast concentration (Table 4) using (12). Time taken (t) is assumed 1sec. as it is an  

instantaneous measurement. 

 

( )CE P t VQ=  =
  

 

 ( ) 0.02 /  
302.85 (67.3 )

g ml concentratiC on
E nJ mV Q= =  (12) 

 

( )

302.85
4.5

67.3
C

nJ
Q C

mV
 = =

 (13) 
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Minimum electric charge, Q(C) is then calculated by using (12) from minimum value as recorded  

in the testing of 0.02g/ml yeast concentration as shown in Table 4. 

 

( )186.42 (71.7 ) CE nJ mV Q= =
 

 

( )

186.42
2.6

71.7
C

nJ
Q C

mV
 = =

 (14) 

 

 From the energy output recorded, it was observed that yeast sugar synthesizing rate drops from  

4.5µC (10min) to 2.6µC (100min), in which the energy output occasionally drops due to the yeast activity 

which is arbitrary. It is highly dependent on the yeast concentration and surface area of separation membrane 

(2.54cm x 3 cm x 2 sides=15.24cm2) which contacts both solutions together. Increasing the concentration  

of the yeast can leads to the higher output of energy but limited by the constant surface area  

of the membrane [27]. Hence, the energy output of the yeast MFC is limited. In order to break this limitation, 

a wider surface area of the membrane is recommended as for more reaction to be occurred. 

 

 

5. CONCLUSION 

 This study presents the bio-energy yield produced by Saccharomyces cerevisiae. There are several 

factors that affect the energy generation of plants, including temperature, moisture, soil pH, electrode types, 

and environment properties. Overview, the yeast MFC energy harvest managed to produce electrical voltages 

of few millivolts to hundreds of millivolts. The variables such as pH, temperature, and moisture still need  

to be researched to make sure the harvesting operation is controllable. It is important to understand  

the concept used to scavenge the bio-energy from yeast as a step towards the practical application  

of this wasted energy. 
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