I ZR K224 (P M) 2024 4F 1 1) 5559 4 45 1 1 E-mail ; xblxb@ sdu.edu.cn

Journal of Shandong University( Natural Science) , Vol.59, No.1, 2024 http . //Ixbwk.njournal.sdu.edu.cn
© WIZR R AR AL AL I A Tel; +86-531-88366917
XEHS:1671-9352(2024)01-0124-08 DOI:10.6040/j.issn.1671-9352.0.2022.542

1,3-7 ZEZ B 81 4& B2 o 1Y B i s AL 42

For' xEM AP xR
(LINZR TRIEBEE B S F TR, IR MG 264005; 2. 10K TRbECE 515 BRE%0, IR A 264005; 3404
TR A R AR, ILAR ME 264000)

TE . A badd ) BR B 1 3-A B A PR P AN O BREAH AT IO ETRE, AT HRKL
1,3-A=B A R RET —ASHAHRATHRRIEREER | 3t Tizeh i Rz P4, 420, @ ah s T %5 L 410
H—AF N ZA R P R AR R AR B AT REM KB, HET M EME XS E A RS kT
AT R, BAALERAN L2 1| 3-A_BOASTKXFLCALRREST 21.12%,

KFEIR AR RN R G RARIE R 1 BROK B A BGR K Sk i A Sk

hESES 0232 XERFRAEAS A

SIS EBE, X S b 451, 378 R 1R B b A BT e DL [ ] LR R 224 ( 24 RR ) ,2024,59( 1) :124-131,138.

Delay optimal control of 1,3-propanediol batch fermentation
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Abstract; In the batch process of glycerol bioconversion to 1,3-propanediol, the initial biomass and glycerol concentration will
affect the productivity of 1,3-propanediol. This paper proposes a constrained delay optimal control model to maximize the productivi-
ty of 1,3-propanediol. For this problem, the time-scaling transformation is applied to convert it to an optimal control problem with
fixed terminal time. Then, the penalty method is used to deal with the constraints in the optimal control problem. Finally, a hybrid
algorithm of simulated annealing and genetic algorithm is developed to solve the resulting problem. Numerical results indicate that the
productivity of 1,3-propanediol increases by 21.12% compared with the previous result.
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Table 1 Parameter values and critical concentrations in System (1)

i m, Y, X, x; k; Mo,
1 — — 0.01 6 69.9273 0.994
2 9.34 0.008 51 0 2039 — —
3 7.3 76 0 939.5 — —
4 -0.368 35.54 0 1026 — —
5 -0.45 14.78 0 360.9 — —
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Table 2 Information of test functions

PRIER pRECR A 4525
Schaffer filx,,x,)= (3+x3) "2 [sin*(50(x3+x2) ") +1] [-100,100]
Alpine fz(x)=z | x;sin(x;)+0.1x;]1 [-10,10]

i=1

F34h, € MATLAB 2017a 3885 F HEF 705 BLIGUE . Bk iR ERL 58— 1k 60, fie im0 107, Jefik
WEN 1,T, T, F1 T, 535 HUE A 80 .60 F1 130, B R EL 1,0 A1 1,00 8 HUE K 0.97 F10.99; RN T %
PR iter] Fl iter2 F3 7 HUE A 200 Fl 2 000; 38 AN 0.4 RBNER REL P, 4 0.8, TEAE L 1E £ RN [i]
BEAREL iter3 N 5, X HUKF A VFIRZEME R 107, FA K PR A 5152 1T 60 1K, 0 SR E R gL 9, % 3 41
H T RLE K S AR IR A B T4 R 5 30k 14 h SA 5735, GA 535 GAGE B ki {745 3 il it %
3 AL H AR SO B A SR AT S A 1 SRR AR SR

#3 ARG BB 145 A

Table 3 Comparison of four optimization algorithms

ERTS YU SAMH GA!™ GAEA!™" AR

T 0.2220 0.068 1 8.49x107° 0
2 0.5153 0.240 0 1.57x1077 0
h SN 0.042 1 0.0152 1.21x107* 0
S ARAR AL 1 2 11 60

S 1.9x107* 5.67x107" 2.34x107' 1.654x107'

A 7.74x107* 9.43x107° 3.89x107" 1.221x107"
i SN 2.21x107 2.30x107 0 0

I AR R AL 4 5 12 38
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A 7 BUE R 0.058 9 h, FIH 4 B Jedk — RIS S0k Kok B HAR(E 70 R 48 (13) 3K i, #£ [l (EOCP,)
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29.89% , HLAL S H R ! Hh &t %) 6.5 h I8 T 49.74%

T 1 IS ) S O 22 T SR, A A5 B 2 INE 2 1, 3 - T AR 7R AR N 62.86 mmol - L' -h | 3% 45 Sk
[5]H A5 (51.9 mmol - L™ -h ™" ) M HARES 1 21.12% , 81 1 Fi/R 4 1,318 5 AR P2 Bt 1] 22 1k £ i
2. TR SCHERES T A R RSOk 15 ] SR Bt imifE 1 1 rp, B L AT RLE A At 2 1,3 -4
TRERAE PRCRA L SCERL S ] PSS A T AR RIS THEAR B0 0 HhIE FE %R 94.36 mmol L7 -h7!
X5 SCHRES ] H A M TE R 100.8 mmol - L' - h ™' A LR T 6.39% , PRIk, 107 ST A5 14 i A0 45 1l 5 s vl
PABR R 1,3-P0 R A P8, HOnT DARRIH Il THAE R X AE 7 1,3 -IN ZRE R A R e L, A
2 S5 T AR R I v B AR TR AR AR I 2K
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Fig.1 Change of 1,3-propanediol productivity ( Annotation: the productivity of 1,3-PD does not exist at time =0,
and the first time point starts from #=2.65x107")
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Fig.2 Time varying curve of each substance concentration
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