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Table1 Calculation of the energy produced annually by a MFC during a
year in a 6 people home system.

Calculation of the electrical charge in coulombs generated per hourin a 6
people home.

750 L y 0.808 g DQO » 1 mole COD y 4 moles & » 6.022 -10%3 é
: L 1 mole COD 1 mole &

1 coloumb

¥ ————— =3.25.105 €
6. 024 - 1018 /h

The Coulombic efficiency is 12%

12
3.25.-105C/ «— —39.10¢ C

We have to convert the C/h to C/s in order to work out the intensity:

3.09-10* C 1h

— E. —
Th *3e00s 10.83%/:=10.83 4

Once we have the intensity, with the voltage we can calculate the power.

P = Intensity x voltage
P=10.83 4 x 0.5V

P=5416W
We convert Wto KWh

1 kW ;
2.416W x 1000W » 8760h = 47.3kW - hin a year

A 6 people home have an annual consume of 5600kWh

47.3 x 100 0. 84%
5600

The electrical power produced by the MFC system correlates with the 0, 84%
of the power consume by the home.

(*) To calculate COD molecular weight, we consider the chemical formula
CH:O

We can conclude that the system is not cost effective, only
0,84% of the electrical power consumed by the house in a
year is recovered, so the implementation in this situation is
not profitable.
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Table 2 Calculation of the ene by a MFC during a
year in a wastewater treatment plant

Calculation of the electrical charge in coulombs generated per hourin a
Wastewater Treatment Plant

3.0-10°L 1.3gDQ0 1moleCOD 4molse 6.022-10%%¢

X——— X ——m— X ——— X -
24 h L 30 g 1 meol COD 1 mel e
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X ———— =2.09-101°C
6.024- 1018 ¢ /h

The Coulombic efficiency is 12%
2.09-101°C/, x = — 5 51.10°C
) ’;ﬁ 100 o= f(ﬁ

We have to convert the C/h to C/s in order to work out the intensity:

2.51-10°C_ 1h 5 C .
— X =6.97-10°¢/. =6.97-10%4
1h 3600s

Once we have the intensity, with the voltage we can calculate the power.

P = Intensitat X voltage
P=697-10°Ax% 0.5V
P=3.485-10°W

We convert Wito KWh

1 kW
3.485- 10°W x % 8760h= 3052860kW - h in a year
1000W

The wastewater treatment plant has a annual consume of 3240000kWh

3052860 x 100

=94.22
3240000 v

The electrical power produced by the wastewater treatment plant using a MFC
system is a 94, 22% of the energy consumed by this plant during a year.

(*) To calculate COD molecular weight, we consider the chemical formula
CH20

As we see in Table 2, in this case we can conclude that
the system is cost effective, 94,22% of the electrical
power consumed by a WWTP in a year is recovered, so
we should be considering the implementation of this
particular method.

Effluent

Table 3 Scaling up the dimensions of the MFC in a wastewater
treatment plant

The hydraulic retention time is 33h for a removal of the 80% of the COD. If
every day 3-107L of wastewater enter in the Water Waste Treatment Plant, how
many m? should have the bioreactor?

30000m3

% 33h = 41250m°
24h ! m

How many m2 should have the anode surface if the production of power is
0,026W/m? and the power generated is 3,485 - 10°W?

Z

1
3,485 - 10°W x =1,34-10"m*
0.026W m

If we scale-up ten time (10x) the thickness of the bioreactor. How long should it
be?

Total diameter; 65 cm—=r4=32,5cm
Diameter of the cathode: 25cm =2 r-=12cm

We have to find the length of the bioreactor, in order to do that, we have to
know which volume of water can be contained in the bioreactor. We should
also subtract the volume occupied by the cathode to the total volume (in m?).
Finally we will be able to know how long has to be our bioreactor to fit the daily
volume (41250L).

(Tr-r1*-lenght) — (T-r2*-lenght) = total volume in a day
length-Tr-(r1% — r22) = total volume in a day

41250m°

Ienyht = W = 458Km

Table 4 Diameter calculation of the prototype if we build 50 tubes of 100
meters length.

If we built 50 bioreactor tubes of 100 meters length each one, which should be
the diameter of each tube?

length- (r1? — %) = total volume
(T — %) = total volume
1 /= lenght

41250

5000
8,25

2
m(rn” —rn?)=

(r’ —r?) =
We substitute in the formula ry
I =2.6'l'2

8,25
((2.6 l'g)z — l'gz) =

r,=0,66m (66cm)—> diameter: 172,8 cm
ri=1,728m (172,8cm)—> diameter: 345,6cm

In order to have a realistic scale-up dimension of the
bioreactor, we could build 50 tubes of diameter 345,6
centimeters and the cathode diameter should be of
172,8 cm. Each tube would be 100 meters long.




