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Mass balance model

Esquema biorreactor
Qin, Sin
X, S,V Qout, S, X
Volume V : & =Q"-Q™

Biomass concentration X : £ (VX) = p(S)(VX)—- QX

Substrate concentration S: £ (VS) =Q"S" — QS — ku(S)(VX)




Mass balance model

2 = (u(s)- %) X
4= Q2(Sin—8) — ku(S)X

av i
o — an _ Qout

Esquema biorreactor

Qin, Sin

-

X, S,V Qout, S, X

> Q" £0y Q° = 0; Sequential batch reactor
> Q" =Q°" = 0; Batch reactor

> Q™= Q°" + 0; Chemostat or continuous reactor




Steps of an ASBR

» Filling the reactor with water to be treated
» Reaction
> Settling

» Emptying the clean water from the reactor
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Anaerobic digestion
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A simplified anaerobic digestion model

Digestién anaerobia

Material particulado

Hidrélisis

[ 1
| Sustrato organico disuelto |
—

2 —
| Acidos grasos Volatiles ‘:‘ CO: ':
CH., CO:

Acidogénesis

Metanogénesis

» The three main reactions considered: hydrolysis, acidogenesis
and methanogenesis

» Two microorganism populations: hidrolitic-acidogenic (Xa4)
and methanogenic (Xas).

> Three substrates: particulate organic (Sp), dissolved organic
(S1), volatile fatty acids (S2).




Two steps ASBR system

Digestién
anaerobia

Esquema de dos fases

.

—

Primer reactor Segundo reactor

» First reactor: Hydrolysis - Acidogenic reactions

» Methanogenic reaction




Mass balance model

Xa=

N

u1(S1a4) — ?,—j) Xa

Reactor 1 Soa = ?/—A(Soir}x — Soa) — po(Soa)Xa

(Hidrolitic - Sia = V—(SM —514) —k1p1(S14)Xa + k2p10(S04) X a
ODE systems
Ac1dogen10) SQA :5_(52‘752[4)4»]{,3/11(51_‘))(
Va=Qa

X = w2 (Sanr) — 6‘2/_]\1\;1) Xm

Son = £ (S, — Sonr)

Vi
Reactor 2 ) Q” _

Sim = S (S{hy — Sim
(Methanogenic) = o (St 1)

Sont = ‘Q/_AA:II(SQAI Sonr) — ksp2(Sen) X

Var = Qum




Growth functions
Hydrolysis (linear kinetic)

10(So0) = KoSo

Acidogenesis (Monod kinetic)

max Sl
Sy) = pr—2L
p1(S1) = piq Ko1 + 51

Methanogenesis (Haldane kinetic)
ax SQ

p2(S2) = pg ™ ———————
Kga + S2 + K_122

Funcion de crecimiento de tipo Monod

M
e

Funcién de crecimiento de tipo Haldane
3

Simulations




Simulation of one cycle

ot Simulations
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Optimal control problems

Xa= (ul(sm) . (é—:) Xa

Reactor 1 . o )

Soa = F4(Soa — Soa) — po(Soa)Xa
(Hidrolitic - Simulations
Acidogenic) Sia = (\i_:(sllrl‘ = 814) = k1pa(S14)Xa + k2po(Soa) X a

Va=Qa

Ta(a) = fof {t1si9a @ <52 =01,

VjA,QA(t) _ Vmax}

Recall that po is linear and w7 is increasing




Optimal control problems

Xy = w2 (Sanr) — %) Xwm
Reactor 2 . .
(Methanogenic) Sam = %&11 (S2hs — Sanr) = Kspz(S2a) Xt

Var = Qus

Tyv(Em) = Qf}g?) {t | SgMYQM (1) < S,
Vf{MQM (t) _ Vmax}

The function is non monotonic but it is increasing in [0, S3}/]

Simulations




Fictitious time

We include the new control

(7)) = 1 if the regular pump is manipulated
"i\T3) =\ 0 if an instantaneous dilution is made.

implying to consider the fictitious time 7 Skt

Esquema de la parametrizacién del tiempo

t
r(r)

—_——— T

r=1 r=0 r=1 r=0




Optimal control problems

Xa = (rapm(Sia) - %) Xa
A

Reactor 1

~

V_(SOA — Soa) — rapo(Soa)Xa Simulations
?/_(SlA — S14) —rakipa(S14)Xa +rakapo(Soa)Xa

(Hidrolitic -
Acidogenic) Sia =

Va = Qa

Ta(€a) = inf {/ ra(0)do | S§A7TAaQA (t) < S i=0,1,
ra(),Qa() LJo

VjA TAQA (t) -V max}




Optimal control problems

X = (’I'M;w (Saonr) — %) X

Reactor 2 ] 5 .
(Methanogenic) Sons = L (Sahs — Szar) — raspia (S2ar) X
Ve = Qur
TM(&M) = inf {/ TM(H)dG | SSMWM,QM (t) < SQout7
rm(1),Qm () LJo

V]éIJVIaTJVIaQIVI )=V maX}

Simulations




Immediate One Impulse (IO1)

Total dilution at the beginning

Esquema de dilucién total inmediata
v

V7 max

7

\ Conjunto objetivo

gout 8

Theorem (G, Ramirez C., Rapaport 2008)

In the reactor 2 (methanogenic: 1 microorganism & 1 substrate ) the
strategy 101 is optimal due to the growth function is increasing in
the operating range.




Singular arc strategy

Xa= (TA,ul(SlA) — ?/—j) Xa

Reactor 1 | . Q )
Soa = 34 (S0 — Soa) — rapo(Soa)Xa
(Hidrolitic -
Acidogenic) S1a = (é—‘:( 14— S14) —rakipi(S14)Xa + rakapo(Soa)Xa
VA =Qa
Ta(€a) =  inf {/ ra(0)dO|SEATARA (1) < 5 i =0,1,
ra(+),Qa(r) 0

VgA,rA,QA(t) _ Vmax}

Theorem (G, Ramirez C., Rapaport 2008)

For two species (with increasing growth functions) & one substrate
there are only two optimal strategies:

» JOI

» Singular arc




Singular arc strategy

First reactor

v

7 max

Esquema de estrategia S}

81

N

\ Conjunto objetivo

[] Region del paso (1.1)

[] Region del paso (1.ii)
[J Region del paso (1.iii)

Idea: To evaluate arc singular arc strategies keeping constant the

substrate level ST




Strategy S} constant

(Tioi=Ts1)Tioi

Figura: Superficies de respuesta variando las concentraciones de
salida S¢"t y Sput




Strategy S} constant

(Tioi-Ts1yTioi

20 S0in/(S0in+S1in)

Figura: Superficie de respuesta variando la fraccién de material
particulado y la constante de hidrélisis




Strategy S} constant

(Tiol-TsTioi
Tioi-Ts1

1

08
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10 04

200 SOin/(S0ineS1in)

Soin+Sin

Figura: Superficie de respuesta variando la fraccién de material
particulado y concentracion de materia organica total




Strategy S} constant

(Tioi-Ts1)/Tioi

Tioi-Ts1

Soin+Stin S0in/(S0in+S1in) SOout

Figura: Superficie de respuesta variando la fraccién de material
particulado y concentracion de materia organica total




Conclusiones

» Se adapté un modelo ASBR para un esquema de
operacion de dos fases.

> Se realizé una identificacién del parametro de
sedimentacion de Sy.

» Se mostré que la estrategia optima de llenado para el
reactor metanogénico es 101.

> Se encontré una estrategia de menor tiempo que 101 Clomelivsionc:
para el reactor acidogénico.

> Se estudié mediante simulacién, para cuales
configuraciones la estrategia alternativa presenta
mayor reduccién del tiempo de operacion.
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