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Abstract: To address the resource utilization of agricultural wastes such as straw and livestock and poultry manure, this study
investigated the effects of biochar addition on anaerobic digestion of a straw-manure mixture, using pig manure and wheat straw as
raw materials. The biochar was devrived from the digestate obtained after anaerobic digestion of pig manure and wheat straw and its
modification forms. The results showed that the addition of digestate-derived biochar played an important role in promoting electron
transfer between species and providing more attachment sites for microorganisms. Specifically, biochar hydrolyzed with a manure-to-
straw ratio of 1:1 and a solid content of 8% in the digestion system yielded the best gas production performance, increasing methane
production by 17.59% compared to the control group without biochar. Furthermore, co-modification of this biochar with urea (as a
nitrogen source) and nano zero-valent iron greatly enhanced its specific surface area and electron transfer capacity, leading to a
41.03% increase in methane production compared to the control. Additionally, the larger pore volume of digestate-derived biochar
allowed it to adsorb volatile fatty acids from the digestate, thereby balancing the acidity and alkalinity of the system. The biochar also
adsorbed up to 28.2% of ammonium nitrogen and 35.01% of nitrate nitrogen from the digestate, mitigating ammonium inhibition and
potentially rectifying an imbalanced carbon-to-nitrogen ratio in the system. In conclusion, digestate-derived biochar and its
modification represent an effective strategy for enhancing methane yield in anaerobic digestion systems.
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Fig.1 Variation in daily biogas production with the addition of biochar derived from digestate (a) and modified biochar (b)
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Table 2 Relevant parameters of gas production with the

addition of digestate—derived biochar and modified biochar
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Table 3 Relevant parameters of the biochar

ER/IE L0 C C-N C-N-Fe**  C-N-nFe’
LR mYg)  15.01 15.61 17.82 69.97
L2 (em’/g) 0.0598 0.0610 0.0655 0.2244
FLAR(nm) 15.94 15.30 14.70 12.84
Fe(%) 1.18 4.19
N(%) 2.06 5.10
C(%) 37.73 37.96
H(%) 1.87 1.96
S(%) 0.50 0.44

X C. C-N. C-N-Fe**. C-N-nFe’ U} &4y

LLR A, fLARSLARRAT 0T (R 3), 90 R
C-N 1 C-N-Fe* #H#; C [ Lb R MM BT A
2 LRI TE 4.001%H1 18.76%, fL A5AL T
2.03%F1 9.56%, [FIIf FLA2 T FE T 4%A1 7.75%. 7] R
(147 5 R 2 2B 4 0 £ 28 NI Fe B4 I A= 0 ok () 22 T v
AN e 0 8 A 0 e 1) R R B B ) OGS B R T
FRURIFLZS BOFRTHE /N TR e DR A o6 3% (A B 38, 3 43 £ L
AN IC R R, LR S /N nFe® A R 2 B
A7 5K I b 2 T BRI Js P22 e C-N-nFe® [y b 26
TR FL A0 e B 32T b C-N-nFe® EL R IR
T 366.26%, fL 7% #& T+ 275.29%, ifi fL 12 T &
19.46%. 455 K W R G5 S EE N nFe’ nFe” 1R %% 5
SRR R A R 5 nFe® {8 ] Jek /b HL S 4k

Xt C-N-Fe” fl C-N 41 1) Fe & B#ETI5E,C-N
ff] Fe & A A 1.1805%,C-N-Fe” 1) Fe & F4 s 3|
4.1942% M5 C-NHEFF T 255.29%, 83— LAY
TR R IR R ) FEL P AR 6 C FC-N 4
N HEEATE,SRERC W N S8
2.06%,C-N 1] N &®HN 5.10%, 405 C 44T+ T
147.57%. R, A= 90 3% 5 N Fe (1K) 5 g #04 — € SR
FXEC A C-N 4/ Cy Hy S JTGHEIAT T, 45 R &
W C S LM FLC-N 41 H & i C 4T
4.60%,S S E C AU 11.72% N BebE i J50R A JR
FIRFZEMEEDR L FAREE C MEEH &8
SRR IRE TP E AR H JuHE ik
AW bm S b 1 JR R AT BE S PR 2R
PR PR N TR AR B S JT R R
gER.

(x1000) (x10000)

(x1000)

(x10000)

K2 DUFMEYR SEM K
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Fig.3 Variation in pH values during digestion with the addition of digestate-derived biochar (a) and modified biochar (b)
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