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Table 1 Statistical parameters of the collected data

TCR 1% Tolba3Hr/% SR A IR
Kf T c W oo NS RS K B W A - B Ml C TREE
C min % MJ/kg %
RME 53.86 8.09 48.09 7.55 1.52 9040 19.76 40.90 375.00 480.00 1.00 93.01 32.33 78.20
e/MA 33.02 3.02 3199 0.07 0.00 54.05 0.10 5.04 120.00 0.00 0.05 21.13 16.81 42.70
FEH 4532 594 4144 128 0.17 7751 585 16.63 21624 89.05 0.19 56.71 23.90 56.62
R AL 4640 6.00 4195 0.77 0.10 7840 434 1599 220.00 60.00 0.14 56.48 23.28 55.30
bR 403 076 393 125 029 620 5.14 5.67 38.33  89.73 0.18 13.63 3.30 7.44

TE TR T L TR TT IR A HE ; Tl 0BT LA TR
RIS BRI R eS8 R BB B SR A TRENLHES ], TR IR
N T IHERA LR R B L I LR I ZREE A o EHR 80% ) Rcdle mi A
TATRMEE R, eI GR 2 i, 2T D iIgRde, T IR il 3804 209 1 %8s

R BARE FRRIEA. AAERIRYE, FIT PRI LA D oy
e ()
b % 12 EFI %

A AR BB KA (s 4, 00 P ATFFER AR BEHLBEA BB 2T 3

xar 1 x; BROBRUERS s, WARMEALIT 19 x,, Boipmaf  FIDLERE I SR ERMBASPER RO, I
S 0 g SRR BT SR S SO 53 2 ok
1t&t%§ii};;]‘gli§ﬁ0 ’(1: lj;e{ifnjy C (l)srelation Coeffi- SEHRMB TR | Iy e L9 53 SR Bl
cient 384 Coo) W LLBFRPI A et itz gy LA A AL IR DI
LRI A, G BB -1, 1), IE AR g T IRTIRR PR
Y R B 0 AT . PITRIBOR B A 7Y
R | JOR D Gty DOk BRRHRT AR g
e BRSO AL SETHL A U,
n RIS SRR A AT B B R, S

> (%) (v.7) BTSSRI, SRR
L) BB S, A SRRk
zhnﬂ'th%ﬂ it 5 A SURERP AL 3T ik R S M
- - TG, fERE A R B AR HL A% )
A, XAV o By P80 R B | A SHAP Mot BURAATAFAE 5570,
ABE SHAP 438 3 32508 P g R ik X RS T it Y
FEFF S ML T U2 00 001 Python 82 SBRTONR, 0 HHERY ORI SR AR Y

- 1432 -

CPC:



i =,%
A PSKE .

VIR OC Z 88 (R?) A4 7 1R 22 (Root Mean
Square Error, 1A Egys) XL > B (14 1A 1
PATIAN . R? 2 AU S BRI 5 FERE T
b, BUE [0, 1], R* (E 845 1, FRn B A5 4K
i AR ARG S | s S B F SR T4
I AP E 22 S BOFE R, R T IR2E 00 Y 85
B, Enys (EARAEIT O, K< PN E 5 SEBRE D
ZEBU N B FNACRALT . R* F Eys (355X
sl

(3)

AT HUE F 3] Fe 8y A FUOK R AR e TR 5 2R

L <w
m ; (\yi —Yi )

S m R REAKE R sy WO 5y, SRR v,
5y KM

Ervs= (4)

2 #ZR5iE
2.1 BAERFEEAHHT

1 AR AE i ARG TR A SRR
FAALE, S T A K B A AR R R R A
A3 ARG L

H1 & 1(a) ATAT AE BT RR R C STZFN O T
R B PAEY R 46.409%F141.95% , ifii N
JLER M S TR & a7 E R 0.77% Fi
0.10%, %W C ILEM O TR SHRIEH T N L&

100

11.0

90.40 500 100+
80 91.00
%78.40 400 10.8 sol
67.50 : . = T 73.86
60 M =
N 53.86 : 300 F 300.00 10.6 12 = 60
= 4640 T 4809 000 * s B OUr 56.48 5530
= 40 + ?41.95 : =] 220.00 - E)
=) £36.65 310 : 200 + 104 4% 2l 1270
26.60 033 =
20t \ 100 120.00 3233
732 15.15 15.99 6000 10.2 20 22.60 % 2328
%600 $3.66 0.50 é“j +6.69) - 0.14 [ 16.81
of, Ten HEpl Sve oL Al Y SN B ,
p gg;» 4 3%— /gg’g— 4 bﬁ,/% ‘%5\ )@g (%/@L IREEFC BHA)/min [ 9% Lt . ?,,;,T o 0 RWis rg‘/‘T\?;Jo]o
" \ = =N
N T A B o
() EWIBOCR TR T 5387 (D) ZKFAS R A ()R PIAeME

1 SHHES S

Fig.1 The statistical data distribution
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Table 2 Results of the model performance of the single—

target machine learning prediction
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Table 3 Results of the model performance of the multi—target machine learning prediction
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Fig.3 Scatter plots of predicted data and original experimental data
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Fig.4 The mean of absolute SHAP value for characteristic
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Fig.5 Effect of each feature and its overall impact on the yield of hydrochar
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Fig.6 Effect of each feature and its overall impact on the higher heating value of hydrochar
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Prediction and evaluation of the basic properties of biomass
hydrochar using the machine learning algorithms

Sun Liang', Ma Zhongqing', Zhang Zhixiao’, Hu Yanjun®, Wang Shurong*
(1.College of Chemistry and Materials Engineering, National Engineering Research Center for Wood —based
Resource Comprehensive Utilization, Zhejiang A & F University, Hangzhou 311300, China; 2.School of
Hangzhou 310018, China; 3.Institute of Thermal and

Mechanical Engineering, Hangzhou Dianzi University,

Power Engineering, Zhejiang University of Technology, Hangzhou 310023, China; 4.State Key Laboratory of Clean
Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract; In this work, 305 sets of data of hydrochar’s basic properties was collected from the
references. Then, the single—task and multi-task prediction models of hydrochar’s basic properties
(mass yield, higher heating value, and carbon content) were established based on three types of
the machine learning algorithms (the decision tree, the random forest, and the gradient boosting
decision tree). Results showed that among the three types of the machine learning algorithms, the
gradient boosting decision tree model was the best algorithm, where the average determination
coefficient values of the test set were 0.88 and 0.87, and the root mean square error values were
0.34 and 0.37. The SHAP method was used to evaluate the input characteristic parameters during
the modeling by using the gradient boosting decision tree. The dominant influence factors for the
prediction of the mass yield, higher heating value, and carbon content of the hydrochar were the
hydrothermal reaction temperature and the C content in raw biomass. The construction of the
prediction model of the hydrochar’s basic properties was favorable to reduce the cost for the
optimization of the hydrochar production conditions.

Keywords: biomass; hydrothermal conversion; hydrochar; machine learning; basic properties
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