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Research subject: Bio-hydrogen is a renewable energy source with
many economic and environmental benefits as a fuel. Controlling the
concentration of the substrate in the reactor has a significant effect on
the amount of hydrogen production. However, bio-hydrogen production
is a nonlinear process that requires the implementation of nonlinear
control methods. In this paper, substrate concentration in an anaerobic
bio-reactor is controlled using the feedback linearization method.
Research approach: The model employed for the simulation is a well-
known model consisting of three state variables. The proposed con-
troller is a globally linearized controller (GLC) designed based on the
feedback linearization technique. In this method, the nonlinear system
is precisely linearized by a transformation of the coordinate system. As
aresult, the linearized system can be controlled using a linear controller.
In order to linearize the system, a nonlinear compensator is designed
using the design model and applying the concepts of differential geom-
etry. Proportional-integral (PI) controller is adopted as a linear control-
ler. GLC controller performance has been compared with a nonlinear
controller (NC) and a PI controller. The performance of these controllers
has been studied by numerical simulation based on the integral of time-
square error (ITSE).

Main results: The simulation results show that substrate concentration
control can contribute to the hydrogen production. The control meth-
od applied has better set-point tracking than the other two control ap-
proaches. The ITSE performance index for the feedback linearization
method is lower than the other two methods. The nonlinear feedback
controller fails if the kinetic parameters are changed by 25%, but the PI
method and the feedback linearization are robust against model uncer-
tainty. An efficient controller guarantees stable bio-hydrogen produc-
tion. Comparing open-loop and closed-loop simulation results shows
that controlling the substrate concentration increases hydrogen pro-
duction by 90%.
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Figure -1 Flow diagram of the bio-hydrogen production process and its control system
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Table -1 Parameters values of the anaerobic reactor model for hydrogen production

Parameter

Value

I'lmax

0.4 1/h

10 g/L

10 g/L

0.7g/g

5

16 1/h
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Figure -2 Feedback linearization block diagram
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Figure -3 Schematic diagram of the bio-hydrogen production reactor with nonlinear control system (feedback

linearization)
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Figure -4 Open-loop variations of (a) substrate concentration, and (b) hydrogen volume, in the bioreactor
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Table -2 Optimal parameters values of PI and GLC+PI controllers

Controller Parameter Value
k, 5
GLC+PI k, 0.0125
a 0.0625
k, 0.51
PI
k, 0.14

Sg—s 3l A5 Cwl oaiS S ol o S Basbe
g oo ol YO alaly o , 5 IS0l o).
oAS J S 8 Shos p Joo CazbiBons b ¥-Y
iy el i g 5y 45 (sl 2l Joe o)
ol San uf 2 g JS e il alels HLd)
Aol gl L (g el)l ailgi o calad pa e
(=l Cmalad pae 59 Jloial ol p ol 61—
)5 sey St Jae slagally  Logas
o855y L1y Lveass 8 o, Shee anly (ol by
o=l Gl 0, ey Joe (et slacialad pae
Wiloais ool ,okd YOZ Joao sl el )b aan o j5-lato
Ao, Slae LSS B> |, K0S 5l a4 S g 5ba
2 el Sl e sy s Ly |, ea S S
b g o0 S S 0, S sanlin e 0 VISl

Dgs JyiiS dge Jlaie (o e clale L og b o
3 e g g0 ol i DA JSb a4 S 5 bles
3 £375) matile el s 55 el (5853
O Jlas an jol8 ou S J oS aw o (O celw
3y Shoe GLC+PI s0—uS J ;08 Lol o | ,fo ,lods
Lo 8. ITSE o, Slae ol i a S g 9bas oo ,lo (6,
JSi) ol ;K0 00 S S g0 b anlie jo (5,S
S8 g so oamline Ob Sy 4 S jabylen (P
059798 g & il C o 5 Al (85
Gl 45 Gl 00,5 oy i l58l ((—omie o)
s go gl | (90t 3 o1 =3 9wl b S
el Vo e bdS 5l ey oadaddys (39,00 Ol
S A o 0 00F0 ML 4 o8 _iiSTy (g5lalel,
J5o) il el U ainlin jo gm0 40 olial

QA ok - o (oo 53 ) Gl Giagh (ol Ay o (g (ole dolibad



160 170 180 190 200

gl ;o RaiSTy ) s clile 08
6 @ 6000
350 5000
3
=
S4 4000 -
E ~_~
E
o
§ E
g3 E 3000 -
=} _ o~
3 =
3
m2f 2000
‘E 60 70 80
=
@1 1000 -
0 : : 0
0 50 100 150 200 250 0

time (hours)

50 100 150 200 250
time (hours)

Al Sl o ) oKauSTy (0 0l 3e,0ue Jlade () § | gw clile @) s 0 JSCS
Figure -5 Close-loop variations of (a) substrate concentration, and (b) hydrogen volume, in the bioreactor
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