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How many electrons could be generated 

from a glass of water (ca. 180mL)

2200 mAh = 7920 C

~244

Glass of water = 180 mL
Water molecular weight: 18 mol/g

Water density ~ 1 g/mL
Glass of water=  (180 / 18) = 10 mol of H2O

10 mol of H2O = 20 mol of elsctron-

Faraday(F) ~ 96500 Coulomb
Glass of water = 20 mol x F = 1.93 x 106 C

= 1.93 x 106 C / 7920 C = 243.7

Glass of water =  
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~160-acre (~647,000 m2 )Jakkur lake

Bengaluru
Population (2017): ~12M 

Constructed 

wetland
(~7% of the total)

Typha 

plans

ASHOKA TRUST FOR 

RESEARCH IN ECOLOGY 

AND THE ENVIRONMENT

Inlet: 

treated 

domestic 

wastewater

Photosynthetic-BES combined with                 

wastewater treatment

Sue HarrisonPriyanka Jamwal



http://www.iaacblog.com/programs/bio-bottle-voltaic-bbv/

Photosynthetic-BES as educational toolkit  

Lara Allen

http://www.iaacblog.com/programs/bio-bottle-voltaic-bbv/


e.g., to investigate the mechanism 

of electron transport

Jenny Zhang Laura Wey

Chronoamperommetry

J. Am. Chem. Soc., 2017 
DOI: 10.1021/jacs.7b08563 

Photosynthetic-BES as tool of investigation 

for lab work 



Appl Microbiol Biotechnol doi: 10.1007/s00253-012-4473-6 
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Photosynthetic-BES used to run µ-chip 

DOI:10.1038/s41467-017-01084-4  
Nature Communications, 2017
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Photosynthetic-BES used to run environmental sensor in 

remote locations (e.g., tropical forest)

Alasdair Davies Rachael Kemp
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The environmental sensor requires:

5000 mC (@ 5V) per day

Royal Society journal Open Science, 2016 DOI: 10.1098/rsos.160249 

~17 mA m-2

350 mV
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The environmental sensor requires:

5000 mC (@ 5V) per day

Royal Society journal Open Science, 2016 DOI: 10.1098/rsos.160249 

Potential:

350 mV per system 

(5V / 0.35V)=

~15 system to provide 5V

Current:

17 mA m-2  = 1.7 µC s-1 cm-2

1.7 µC s-1 cm-2 = 146.9 mC cm-2  per day 

5000/146  = ~ 34 cm-2

~17 mA m-2

350 mV

Photosynthetic-BES used to run environmental sensor in 

remote locations (e.g., tropical forest)



Photosynthetic-BES used to run environmental sensor in 

remote locations (e.g., tropical forest)

Artistic view

The real device 

might look like this 

+ plants…..
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Tool of lab investigation

In conclusion 
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Music Angel Social Power: Li - ion battery (@5v)

Music Angel Mobile Charging are at the festival this year to keep you 

topped up with power. For £20 on pre-order, you get a Social Power 

battery that comes with an unlimited charging wristband – meaning 

you can swap the battery as many times as you like over the festival.

It takes 2 hours to charge an iPhone 6. For this phone, the battery 

has a voltage of 3.82V and the capacity is 1810 mAh. For a total of 

6.91Wh.

At the festival the charging station are open from 9am to 11pm (14h). 

Therefore we could extimate up to (14/2)= 7 cycles to charge per 

day.

Therefore, the total electrical energy consumed per day could be up 

to (6.91 x 7)= 0.048 kWh per day.

Latitude operates for 4 days, therefore at most you could consume 

(0.048x4)= 0.194 kWh

During the festival, you will pay the electrical energy to charge your 

mobile (20/0.194)= £ 103 per kWh

http://www.musicangelsocialpower.com/

http://www.latitudefestival.com/news/charge-your-phone-latitude-music-angel

Photosynthetic-BES to power small device in 

“infrequent” location/event

http://www.musicangelsocialpower.com/
http://www.latitudefestival.com/news/charge-your-phone-latitude-music-angel


To prove that photosynthetic organisms generate oxygen

(and therefore electrons)

20 nmol Chlorophyll mL-1 x 15 mL = 300 nmol Chlorophyll

Photosynthetic oxygenic activity: ~90 nmol O2 (μmol Chl)-1 s-1

(90 nmol O2 (μmol Chl)-1 s-1) x  300 nmol Chlorophyll = 27 μmol O2 s-1

Given: H2O  O2 + 4H+ 4e- (27 μmol O2 s-1) x 4 = 108 μmol e- s-1

Given: Coulomb = charge x F   108 μmol e- s-1 x F = 10.4  mC s-1 

=  10.4 mA
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pBES as educational tool-kit
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Proceedings of the Royal Society 

of London.  Vol. 84, N.571

(Sep. 14, 1911) pp.260-276
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Bio Electrochemical System (BES): 

is this concept new?
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Electrons from plants: how does it work?



DOI: 10.1098/rsos.160249  Royal Society journal Open Science, 2016



~ 2000 W

Electrons from plants: what could we power?



Mobile 

phones
PCs

100-500 mW 1-10 W1-50 mW

Environmental 

sensors 

(e.g., humidity, 

temperature, light) 

Indeed

Electrons from plants: what could we power?

Almost there… Maybe…
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Biophotovoltaic systems (BPVs) lie at the interface of photovoltaic and bioelectrochemical 

BES in the context of PV and FC


