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e Performance of a single chemostat

e Performance of two interconnected chemostats in serial.



Single chemostat

Sin
ol ,

X 0

Q
Sout(sin D)
S : Substrate concentration.
x : Biomass quantity.

Sout - Qutput substrate
concentration at steady state.
S Input substrate
concentration.

Q : Flow rate.

V' : Total volume.

D := Q/V : The dilution rate.

{s = D(S™—S)— f(S)x
x = —Dx+f(S)x.

e The function f is Ct, with £(0) = 0 and f/(S) > 0 for all S > 0.
e The break-even concentration : A(D) := f~(D), D € [0, m) and

m := supf(S).
5>0
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Biomass productivity and biogas flow rate  of a single chemostat

The productivity of the biomass
P(S™, D) := Qx* = VD(S™ — \(D)) with x* = S — \(D).

The biogas flow rate

G(S™, D) := Vx*f(5*) = VD(S™ — \(D)) with S* = A(D).

P(S™, D) = G(S™, D) ]
The dilution rate D°Pt(S™) := argmax G(S™, D) is the solution
0<D<F(Sin)
of S = g(D) where
D
£(0) = \(O) + 7505




The maximal biomass productivity of the single chemostat

) = G(S'" ,D D
G( S‘", Dopt)yy ( )

Washout
Sin = \(D)

Fn 5" = g(0)

positive biomass

0 Dopt(sin) f(S”’) o 05 1 15 zS;ns 3 35 4 45



Two interconnected chemostats

Sin
Ql 5ot Output substrate
concentration at steady state.
rv (1-r)V S Input substrate
S Q S concentration.
X1 X2 Q : Flow rate.
r €10,1]. V : Total volume.
Ql D := Q/V : The dilution rate.

S;)ut(sin’ D)
S; : Substrate concentration of

¢ _ Dy¢cin
the tank i = 1,2. = 75T 5) (S

; D

x; : Biomass quantity of the X1 = _DTXI + f(S1)x

tank i = 1,2. 2 = 1TDr(51 - 52) = f(S2)x
X2 = 1=(x1—x2)+ f(S2)x.

e By =(5™0,5M,0), « E; = (5™,0,5,,%2), ® B> = (S}, x5, S5, x3).



Biomass productivity of a serial configuration

The productivity of the biomass
P,(5™, D) := @xput
with x°“* the output biomass of the second tank at steady state.

The productivity of the biomass corresponding to E;
Prl(Si”,D) = VDxy = VD <5in Y (%))
With72:5i"_)\< D )

1—r
v

The productivity of the biomass corresponding to E;

P,(5™, D) := VDxi = VD(S™ — S3(5™, D, r))
with x§ = S — S3(S" D, r) .




Biogas flow rate of a serial configuration

The biogas flow rate
G/(S™, D) := Yo7y Vixi f(S7)
with x;* and S} the biomass and the substrate concentrations, at
steady state, of the tank / , i =1, 2.
The biogas flow rate corresponding to £y
G1(S™, D) := Voxnf(Sy) = VD (5"” —A (15))
with Vo = (1 = r)V, X = S — \(D/(1 — r)) and
So=XD/(1-r)). )
The biogas flow rate corresponding to E;
Gro(S™ D) = leff(Sf) + Vox37(S5) .
— VD ("= S{) + V(1= N(S3)(S™ - 53)
VD(S™ — S5(S™, D, r)).
with Vi = rV, xj = §" — §t, St = A(2), Vo = (1= )V and
x3 = Sin — S5,




Biomass productivity and biogas flow rate of a serial configuration

Results

(5™, D) = G1(S™, D).
12(S™, D) = Gp(S™, D).

Results
eP,1(S™, D) < P(S™, D) (always).
.Pr2(5in7 D) > P(Sina D) — Sin > gr(D)
with g(D) := A(D) + &, (A (2) = A(D)).

oy =P(S",D) ey=Ps(S",D) ey=Pn,(5"D)

R4 ,(V

0<r<1/2 r—1/2 '1/2<r<1




Biomass productivity and biogas flow rate of a serial configuration
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Perspectives

e Two interconnected chemostats where the growth function is
non-monotonic.

e Two interconnected chemostats with mortality rate and with a
monotonic growth function.

e Two interconnected chemostats with competition and with a
monotonic growth function.
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