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Modelling optimization for high productivity biocrude derived from

municipal sludge through co-hydrothermal liquefaction

HAO Botian, DIAO Yunfei , WEI Ya , XU Donghai "
(Key Laboratory of Thermo—Fluid Science & Engineering, Minisiry of Education, School of Energy
and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)
Abstract: With the rapid development of global urbanization and industrialization, the disposal of mu-
nicipal sludge (MS) has rapidly increased. Treating and disposing of MS quickly and efficiently has be-
come the focus in the energy and environment field. Co—hydrothermal liquefaction ( HTL) of MS is a
promising technology for producing biocrude from wet biomass. It can increase the biocrude yield, im-
prove the biocrude quality, reduce the cost of HTL biomass, and facilitate large—scale production of
biocrude. In this study, Box—Behnken design was employed to create 29 experimental groups. For the
first time, process variables of co—HTL of MS and microalgae were modeled and optimized using two
mathematical models, response surface method (RSM) and artificial neural network ( ANN). The
effects of typical operating parameters on biocrude yield were investigated. The results showed that both
ANN and RSM models had high accuracy and reliability in predicting co—HTL, with the ANN model
having a goodness of fit of up to 0.9989. The reaction temperature and biomass/ratio had a significant
contributing effect on the biocrude yield. Finally, a genetic algorithm combined with an ANN was used
to predict the optimal process conditions for the co—HTL of MS and microalgae, and it showed a maxi-

mum biocrude yield of 32.2%.
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Table 1 Physicochemical properties of microalgae and municipal sludge %
ok w(C) w(H) w(0) w(N) w(S) w(Ash)
D& 44.47 6.61 40.71 7.70 0.51 3.60
Wl i e 45.66 7.02 6.70 1.98 59.10
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Table 2 Experimental scheme by BBD and the experimental/predicted biocrude yields using RSM and ANN

A AR AW IR %
e SN TLE/ °C 15 B8 B[]/ min AT kil FHE RSM ANN
/(g +mL™") Y L%
1 300 20 0.17 0.5 21.22 21.81 22.00
2 300 40 0.25 0.5 21.94 21.39 21.94
3 300 40 0.17 0.8 16.45 15.76 16.45
4 300 40 0.08 0.5 21.86 22.28 21.86
5 300 40 0.17 0.2 30.85 30.01 30.85
6 300 60 0.17 0.5 22.22 23.30 21.55
7 325 20 0.17 0.8 16.28 16.66 16.29
8 325 20 0.17 0.2 30.17 30.81 30.17
9 325 20 0.25 0.5 23.24 23.49 23.24
10 325 20 0.08 0.5 22.41 21.88 22.41
11 325 40 0.17 0.5 23.74 24.08 24.57
12 325 40 0.17 0.5 24.20 24.08 24.57
13 325 40 0.17 0.5 23.34 24.08 24.57
14 325 40 0.17 0.5 24.56 24.08 24.57
15 325 40 0.25 0.8 17.52 17.55 17.52
16 325 40 0.25 0.2 30.33 31.01 30.33
17 325 40 0.08 0.8 15.41 15.25 15.41
18 325 40 0.08 0.2 30.42 30.14 30.42
19 325 40 0.17 0.5 24.58 24.08 24.57
20 325 60 0.17 0.8 17.98 17.59 17.98
21 325 60 0.25 0.5 23.13 23.65 22.40
22 325 60 0.17 0.2 31.13 31.01 31.12
23 325 60 0.08 0.5 23.11 22.85 23.11
24 350 20 0.17 0.5 25.53 24.2 25.53
25 350 40 0.08 0.5 20.85 21.66 20.85
26 350 40 0.25 0.5 25.11 24.95 25.11
27 350 40 0.17 0.2 30.33 30.24 30.05
28 350 40 0.17 0.8 16.87 17.7 16.87
29 350 60 0.17 0.5 24.68 23.85 24.68

2Rl N oa T 1| 7S 0 i R = a1 €7 g
2z, sl BEL G . W 1 FR, i Leven-
berg—Marquardt 5575 7 BT A 2 M 2% . — XU IE
DI S H e BRI WA R K000 il PR B2 1 2870
T A 2 1 22 O A 3o BRI, A IR
2254 4,10 A1 ASFRZTT, 1 VAL 2%
I HERE AR =X (1) TR E REU(RY) -

R =1- 2:1{ (yi,cal _yi,ex])> j (1)

(yavn,(‘xp ~ Yiexp ) :
Ky, (%) SRS RN A5 P 10 A5 21 A= 4 SR

PRI TR, y e oy (%) S22 00 A ) J5E 00 7 325
BIE v, (%) 52 AN 5] B2 2% 145 21 1Y) 5256 A4 4)
J = AR

1.3.3 #AEFE(GA)

GA B—KEA —E¥ 26 1M IFATECH
LSR8 R i A UM AR S B R DAL Ak
M, il 2 fR 8 T 3RS 2 R E A, 22
S K AE W I 77 28 55 T il s AL ik TR e
I PR B, SR I F & () ANN B8 4 i
WA ST — B R FEOL A B v e RO

3



LV R )= i =

RSRE—
5 B 1] — 22—, y
EI R IA—2

WG TR, xa
AWt

EH1 AIL#HZNETEE

Fig. 1 Schematic of the artificial neural network
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Table 3 ANOVA for biocrude yields

J7 2 KR [ H Ryl ¥Jr FA8 pia B EN
i 14 596.608 42.615 58.930 <0.05 e
A-TREE 1 6.497 6.497 8.990 <0.05 2
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C-E# /K 1 4.332 4.332 5.990 <0.05 IE
D- L (15 R/ A5 1 570.217 570.217 788.588 <0.05 B
AB 1 0.856 0.856 1.180 0.30
AC 1 4.368 4.368 6.040 <0.05 e
AD 1 0.221 0.221 0.310 0.59
BC 1 0.164 0.164 0.230 0.64
BD 1 0.137 0.137 0.190 0.67
CD 1 1.210 1.210 1.670 0.22
A 1 2.309 2.309 3.190 0.10
B? 1 0.254 0.254 0.350 0.56
c? 1 5.479 5.479 7.580 <0.05 e
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Fig. 3 Comparison of actual biocrude yields with
predicted values by the ANN and RSM models
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Fig. 4 ANN predicted model with training, validation, test and best fit for all predicted data
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Fig. 5 Response surface plots of biocrude yields as a function of factors
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Table 4 Optimized values for biocrude production and corresponding operating parameters based GA

S8 SN L/ °C 15 B4 Bt 6]/ min YR/ KR/ (g + mL7") 15 e/ AP I LR HEIEIN =R %
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