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Research progress on biochar as an additive for organic waste composting

HU Yi"*?, ZHOU Jianwei"’, LI Juan"?, QI Zhiyong’, LIU Shuang™, YANG Rui’

( 1.Key Laboratory of Degraded and Unused Land Consolidation Engineering, Ministry of Natural Resources, Xi’an 710021, China;
2.School of Human Settlements and Civil Engineering, Xi’ an Jiaotong University, Xi" an 710075, China; 3.Institute of Land Engineering
and Technology, Shaanxi Land Engineering Construction Group, Xi’ an 710021, China; 4.School of Mechanical Engineering, Chengdu
University, Chengdu 610106, China; 5.Institute of Urban Agriculture, Chinese Academy of Agricultural Sciences, Chengdu 610213, China)
Abstract: Composting and thermochemical conversion are effective ways to revalorize organic waste. Biochar is a carbon-rich material
produced by thermochemical conversion with unique physicochemical properties. In recent years, the use of biochar as an additive for
composting has become a hot research topic. Numerous scholars have discussed the effects of biochar on the composting process and the
underlying mechanisms as well as the potential of co—composted biochar as soil amendment. The aim of this work is to evaluate the
effectiveness of biochar as an additive for composting, to clarify the shortcomings of the current studies, and to propose future research
directions. Current studies have shown that biochar as an additive for composting could improve the physicochemical properties of compost,
enhance microbial activity, promote organic matter degradation and humification, reduce the emission of greenhouse gases and other
gaseous pollutants, passivate heavy metals, and reduce the residual of organic pollutants. The performance of modified biochar is superior
to pristine biochar. In the future, it is still necessary to analyze how the specific physicochemical properties of biochar (e.g., particle size,

pore structure, etc.) regulate the composting process at the micro—level. Co—composted biochar as soil amendment could improve soil
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health, but its effects on crop yield and quality are contingent on crop species and biochar rate. A direct comparison of co—composted

biochar with biochar, compost, and biochar and compost co—application is still scarce. In addition, current studies are mostly short—term,

therefore, the medium—term and long—term effects of co—composted biochar on soil health and crop production need to be further evaluated.

Keywords : composting process; gas emission; microorganism; pollutant; soil health; crop production
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Figure I Common feedstocks and thermochemical conversion technologies for biochar preparation and characteristics of biochar
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Figure 2 Impacts of biochar on key parameters of composting process
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Table 1 Impacts of biochar on microbial activity and community during composting
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Figure 3 Impacts of biochar on gas emission during composting
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HERE s AR 4 e RE A% i HE AR A BRAE IR R iE Ak
Y P R T 14 O, SR AN AL SN, [R] B A5 R RRAIR IR
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SIS AL T B, B0 S A A FH L AT B AR N2O fY
FEAET SR AN, TEHE IR s T A Pk vT LA BRE NH A
NOs, 38/ i A A A AR AR 9 T R N AT il
NLO [ 7= Az 2295600 A Wy Jic 3 AT A3l 3 i 5 2 5 N0
77 AR 0 T T DA R R BRI NLO R R .
B AL A FH BT 20 oA NOSIR J5 % NLO A B2 NLO 38 J5 A% N,
Wi XA TSR3 nirS/nirK 1 nosZ 2t i) 18 5
WAL o PR ST 2 BE S IEL R s o A 49 i mT AT ol
nirK 0223 , [A] B 35 155 nosZ W 263K, M FEAEG NLO F)
Hefieo-on, B T LRI TR N0 B A
HEA Bt ] LU B NL0, 338 1:d Ji5 452 1 A e
A= PIVE FH A JF R Nao

3.4 S

3.4.1 HEJE

A=W e R BR 1R 4 TR T S MW R E L LB BE
PE EYIA RO AR BRI, PR e ELAT IR 1) S 85
JRUBSH T, B A s i A 4 e AT D R A 4 e 1 v
SR A A SOk HROR Z B AR Yk A B AR
T LA K R 4 @ S AN AR s 40 i ZECE AT T
FEAS LR B (250~900 °C) T il £ 1) KA A1 4= 4 Jic
XA ZEHEAR R Zn AN Cu A=A RCPE G RE I, 25 SRR
450~500 °CF 1fill 2 B9 A 9 e %t Cu 1 Zn A BlAR A3CR B
Uf o Chen ZF R B, 766 ZEHENE th A AT F A= 0 0k,
Cu F Zn (13 8% 2 23 Bl 45 A= W00 o 5 It 149 48 o e
5%, 2SR R BNk 9% I}, Cu il Zn B3 #8543 1)
FEAR T 35% F139% ., SR Lin 25521 I AE 75 Je HE HE
N0 1% B /N2 ] FF A2 40 e ot 75 4 i (R At AL RIOCRA
FH = AN (3%~T%) , 3 H AR 45 35 45 % Ph
BB AR K, HAR O As Cu Cr AN, {BAG 8% Zn
Cd a3 m.

A e Sk M T T R 4 T B B AR ML A A A
Yan SF SNk AR W) ¢ i oL T 8 Sk AT 25 4 G EL IS R
B A5 Ty AT 0 W B P 2 A A o B A HE
HhER 4 ) TR R AL 1T Chen S8 357 AH 52 A W8 A5,
AT Sy L R A R B AR NE Th A R AR A
KPR B S A= e T LB TR P ) 40 1 A
Z A, LR T A R P R W 0 TE A
Firmicutes . Actinobacteria U\ }2 Proteobacteria 25 ) , DT
AL LA AR 22 (9 85 B 5 DOC A R A 56 Ay T 2 A R g
FE SRR M 4 A R 4 Atk i
FFVERT, Song SN & LAY kB = T HEAE T
fiif 3% Cu F1 Zn [P 36 (9 40 B8 ZFE 1, FEAR HE T 35X 220 1
XAV BE A R BE A LA 43 (4n DOC A BLR ) i )
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FUGT 5 B B A R P A AL A CAR R ) i 3 i, 3X —
20 T FIAT BT 1) 52 ELAE FH 2 A v B 4 J A= 0 AT AL
PR T8R4

3.42 AW T

bR T E AR LS, B & 2SI e S UL
HENE SRR AR AR R AT Z2 805 18 (PAHs) (2 A BKR
(PCBs) FiAERFEANIT YY) . LY HERE 4t
R P R (ARGs) 1A 75 5% 1k 10 8 458
s NI OR T < SO S B S35 I D e 7 N7
AWy pe  AEHENE v TS I A= W ok Gl R 5%~10% ) 7]
DLk — R B bt R & &, HE N 24 Y
AT DA e HENE IR B2, 2E A i e A R A R (B
A= ) e et AN T B 2 e AR R B Y S e 0RO —
(R 2) o WA AW e 3k B AL IR 2 A RN B
)2 T E BE 1 AT LAAT RO i T A 3R, O Jd i AR ok
FHF AR B A W LA W R A, DT P I o
PPTA R S,

bR B P AR 20 5 DA, A Wik aT A2
M HENE H ARGs B & 5. MENE iS4 s , B4
ARGs 1) 3= J bifi 45 MERE JEFE 1) & JRAFAE D By, (R R
NE 45 95 B ARGs 11 =F BE AR AR R FRAIR ™ 71(K 2) .
Firmicutes # Actinobacteria &= ¥EHE 77 i) = % ARGs 1@
F Zhou VR I AE W) i FEAIL 73X 28 ARGs 15
TEHEAE P Y 42 B2, ETT AR T ARGs 9% . ARGs
A] LLid i) mT # Bl st 4% 64 (MGEs) 7E Firmicutes il
Actinobacteria Z [A1FEAT KV 6 R L #1740 o< v]
DA 25 B AT MR IE H MG Es [ 850iE , il ARGs (9 8.
BN —28F0 A8 G T RS WL Gined 1 F inel2) 52
RAEAKF-BER L 105 S AR , A IR 2R B HE L s
AR Wy ok wT LR SE AR ined ] F inel2 S DR R
JETTOT Wang SE7 ] e B HENE vhds i AR 1 e a] LA
SR ARGs BUR 2 B 5 55 . AW BFAIL
HENE H MGEs /9 2 2L TS : —J& AR Wk AT LA
B MGEs , T Hoxuf HoAth 1 32 09 AR Y s 2Bk
AR TS 0 H HEEAT LA BR MGEs",

AW R HENE FR BT A2 2R ARGs FORICR 32 S
NEPEHRNZE DL A W ) 45 SR RDRLAR B 5200 . FERY
FEMENE A KRR AP ¢ (2 mm) BT LLBEBL ARG B9
JE AR 50% , T /INURE A= ) ¢ (0.85 mm) AN 52 1
ARGs Y FJE . TEREZEHENE (IR 1 45 (400 C) B R
TURLA: W15 25 B ARG BB L g Tl 46 (750 °C) Y3
e AF S L 5 R 5 8/ NSO AR ) R T T SR
1M, Zhou Z5*V & /NSO 0 A 1 ¢ (<75 m) Bk AGRs
— 20—

FIMGEs FURSCR LA T RBUR 9 A P ¢ (22 mm) |, 3X AT
B2 R Ry /NSO ) A= 0 o FLAT B Z A AL, T A AT
SRR MGEs (U . eah, /INBORL () A= 4 ik mT LA
PRPEAF A Y Z M 554 i ARGs 1 AR,
T AR A P 5 RE % N ARG 15 FHEAEE o e A4
REREE, Xt 5 BOR [RPR AR A 4 5 A ) S50 A D ]
Z 1, Zhou F R K BUAXT FHESE A ok, K RE RS FT
A=W AT LA R B AR HE N H 9 AGRs R MGEs, 3%
AR B N RG2S Y e A s R i e T
ARGs 15 FIE VI 251 .

A= ) Do an ] 5 i HE A v A A BILTS G I E Y
55K He 3 A R o 91 4n A 40 e il o 2o e o 25 7 A
PAHs,{HJ& PAHs 54 4s Gae s e FH S5 -
RS AR RILAEY i B 5% 4 1) PAHSs
() A= P A7 2 L T R Y PAHs 1 AR WA Akt
RPN 2 LA b R AR P e i PAHSs 5
v, LI FH AT Rt AN St Bl ™ EE A PR XU, 7R
S RE v s Jin A= 4 e T LAARE E HE RE o T ) S PAHSs
()25 B3, (R B PAHSs 75 2 -5 AN IS A= 9 1 1) Ak 34
WA B ERY(F£2) . AW iS5 M3 F IR
B R IR, 5 A AR B 5 1 A 4 i (O/CARR) %o HE A v e
B PAHs B W% B RCR BB A7), A vl DL F1&
52 PCBs 5 4 1) 4 3850 {H 2 1 R A I 58 DAl 00
HE Hh PCBs FRIF2 0

T RHE— R ARk 2 )32 S TS ) .
W5 2% MR S v 8 0 2 40 o T DA AR S 0 e Yy
R (Fe2) , R EEAE T — W AE Y s T
TR C—H BT 2 Ak s AR iR e T
HE B Hh AT R A e 2R A 0 1 =F B (A0 Bacillus
8, hnsi Tk e A W) SO RE SR %) B A A £
FH DT 0S8 T F A 1) R i

4 BUEEWRIHEEIEN R

SRR 2 ORGSR 2 v A A R
RE AR ZWFFEXT A W e R4 T SO AL B 81 G Rk AL 2
FIAR AR R PR AT DA i A= 9 o 1) b 3 T AR R 3R 1
B REAT AR SRR, 4 ER 5l 4 R A A i ek eT
DAERCE A W e R 1 R B AR R RS, T, e
YRR Z T T I E &R AP T Y
PR i, A S X PR B A A e A N 2o i v
(VS ISR R (£ 3) o

Qi 1% PR TN 5% B9 MnO, U A= 9 % 7T LA
HE B Hh B S AN AR R 1 A3 ) B 29.19%
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37.2%, R THENE IR E M (R 3) . HEE LT
MnO, BUPE A= W) 5 U738 T J B 5T 2 43 TR UL 3L , 38
S RRER S BEALRE RS - H AL T Microbacterium
Gracilibacillus UL %
Lentibacillus S04 W) 0 2 B, X BE G40 ) 5 T 9 o
&R HAROC , AT LU o A AR & 05 F A
TR A LR 73 e R 531 I S TR BT 254, Al M AT
JEFEALFRE

Bacteroides. Kroppenstediia .

PR AR ) ¢ T Dk — 25 [ T HE T 3 A v A A
HER (£3) o A2 5REFFHEAE F 450 10% 28 HL0,
PPE  HNOS B PL Kz Ha0,— HN O, BUEE B 1) A 9 ¢
AL DL IR b 2 S AR 2 TR (AOB) Y 32 B, B AR
MREE IS L K narG F1 nirS 5K R 2E B, DA T RECAEG 3 A
TF AR A NHaHER , 2 Ho0, 2l B RCR O T ik
PEIFE, Gu AE ] K R Mg S0P A g o T L 3
RRF 1A 8 1R e B (MgN HL PO, - 6HLO ) TTLHE S AR NH,

R2 EWRITHIE AT R B 0T

Table 2 Impacts of biochar on organic pollutants during composting

HEAL R AW IR AW B I WER SCHR
Feedstock of compost Feedstock of biochar Biochar rate Performance Reference
- FEH NEFERT INEFEFT 10% HENEREJTT it f HE 7 e v 1 75 3% | 4 1 3K R DU BR 3K (0 I A B0 ARGs FEBEAR T (73]
16.8% , i tetB 1ot % ARGs 9= FLIEAR , 1T macB \berd % ARGs [ FBEAZ
A
A+ TORTERT FRFEFF 10% HEAE ML FEAR T3NS th U BRZR 38 RS R IR S A KRR R B LA R I & [74]
b, ELBAA D R R R U i A v A R ST AR 2R A TN s R IR TR
ZER T B ARGs 8, =i tetM . tetO 25 ARGs 3 5 [#AIG , tetA L tetC %5 ARGs
R
RO 2+ P g R v EOKFEFE S%HENE R FEAK T HENE TP B89 ARGs F 1, Hod tetW . tetO L tetC . tetG . ermB . ermC . sull . [75]
sul2 % ARGs 1) 4 FE AR
15 e+ EOKRFEFF FORFERT 5% TJoiit  REAR T HENE FPUEY ARGs 1 [76]
PEESE VY 2 AL 10% MERE TR Rk 7 HENE v S ARGs 28, P IR (S R B L UM R 5 [77)
AT ARGs HF 17 >30%
AT+ 22 Bk 4B 22 P ST 7% fENL BT HEAL AP B PAHS & HEANAE BT A AR PAHS B HEFEAIR T 40% [83]
P I AEY SRR
AR K Il 10% HENE BT HENE h R RHSURE ) 5% B AR T 29.2% [87]
TE < 723 SCHR P A A A 9 e TR i T S A kB, PR3 v SR S S AE o
3 AN W 3 HEBR I 2 B9 20
Table 3 Impacts of modified biochar on composting process
VTR e et R D e B it
eedstock of . . . I . Feedstock of
. Biochar preparation Biochar modification Biochar rate Performance Reference
biochar compost
FRFEFT 20 C+2 h#AZUR A5 AW A KMnOTEK A > 5% HENET Bt X936+ FORFEFT SR Cm s bR R et [89)
H A 0.3 mol - L'
Mn(CHCOO ), - 4H,0 7R P1EIE
IR, S RS TR
FOKRFERT = 6 mol-L™ HNO.IZHE, BiFHE  10%3AET-Biit  XOFE+4R AR NHaAHRRL, b HoO U HERCR  [90]
T3 25% H.0.8R357, BiPE G T4 IRt
6 mol - L™ HNOs i Pk A= M 5 -4 7
25% H0: 3435, i+ Jm T4
FRFEFE 400 CAZYE  MgCLIRWRDT AEEMET, 3% MMM S 36+ FORFEFT BT CHL ;O FINHAIF, b Mg 55 [91]
400 °C+2 h k2L ZL g AR H A 0.5 A AR B
FRFEFF = 15% NaOH 235, fil)a T 10% TR Ag28+4K Fee A% NHL 1 HLS FRIHERL [92]
ATE 500 C+30 min#h 2 mol-L7 NaOHB B, fifhE  24% 3T Biid 36+ FOKFEFT AL S Cu Zn Ph, H FeCL  [93]
2 J5 T RO R
FeCL R IR, BFE 5 T
INEFERT 500 C+4 hil B4 20% HPORE BEFEIG T4 10%HEIE T Bl 2E+HR  BEALMENE A Cufl Zn FEMEMRGs  [94]
=
LiEp — 0.42 mol - L™ MgCLIFWEL BT, BEHE 2% FN5%MENE T X9ZE+HRk  FEAR ARGs 192, Hirh 2% Wit [95]
JEHETF 300 C+1 h 4k ZEASL 7 JihE HRCR LT
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(HETR , 38 A S A AL 40 TR (AN Pseudoxanthomonas
g nomnk—f—Methylococcaceae) FIIR A 7 B e 1 (Jeot-
galibaca Fl Lactobacillus ) 1] Z 8 K AR N.O F1 CH, 1)
HEJL . Cao & BLUAS N 10% 19 NaOH 24 P £E ) 7
J&  MENE o NH, H HLS (9 HER 2> 5B AR T 40.63% Fil
77.78% . iX K >4 NaOH WP A ) o HL AT B v 119 L
FEMA FLBR A LR B R i e A R R A
MAEE T NHs W Bt o Limnochordaceae . Savagea .
LA K IMCC26207 5 UAE Ml LUK HoS B AL iRs e 1)
BRERER , NaOH el P A= Wy i 48 5 1 3k SE 5 A W 7E S IE
) T2 TRl s ek s A A PR ) 2 B ] Tk
O SR G B LA B A R 1) S At Pk P e £, AT
KT HaS HHERL

U AR ) AT DA SR I v B 4 R Y AL (R
3)o ZFHEETE T AR MUEAY) 5k  NaOH 241
FeCly 2l M A= Wy i % 5 26 HENE P Cu Zn P S5 H 42 )8
PR , 45 SRR WO A ) R ORI T AR PR 2R
Yrox , FeCl sl PEA W) 5 ORI, HEJ R AT BE S FeCls
BUPEAE W e B Y B AR T AR AL, HLUARTE
FeCls 2t A ) o 2% T Y T JE A8 4 mT DL 3 28 54
FREIACE AR . HaPOLHCYEAE A e AT A3 2o T i i
iR ER T U E— A5 Bl AL HE AT A () Cu F1 Zn, 30 10 g4
R RE Fb A G AR P A s B AR B 4 i 0k i A1 DA B A
MGEs 132,

Liu 2509 % B, U N 2% F1 5% B9 Mg Beik A= 4 e ml
PAREARHEAE A ARGs L J MGEs (3 B (2 3) , Hoih i
2% 19 Mg VAR W) e ROR 0, L FEHLIRAE T
Mg 2 A= W) B BEAR T HENE ' Proteobacteria F1 Fir-
micutes % ARGs g F M FJE

5 H¥xitHERAELRFENHER

e A ORISR B S AT 7 R FR 2
co—composted biochar, ELiF 1 K A “ EHENE AW e
SRTTHENE b A= W0 5 O S I AR A A, 2T A
HEREHIRL, B LUEF N R HEPR Z A Wy i S HE N
SN B B PR HE R 7 ol A AR A Bk
ROBPRE, LAS o b S RRECe A1 g SEHE A0, A2 )
B¢ AT AT S00he e HERE i Jot o 55 g ) I, A e 2 W
W /R R SR NS 28 P R K 0 LSRN B R L A
Y B B3R 53 K (CEC 5 AU E REMT Rk BE I A1
I7 A AR R AR T 2 B AR T IR W A W
SEHENERE AT LASE AR A=) 5 7 0 AN AR B, SCRT LR
PEHENE F IR 23 BRI, B AREIE P J7 23 A5 Qe My 1) ik
—

Vs TR — AR A T S A - S B R S8

VEZ 4G ABIIEGE T A5 W i R0 HE JIE Bl i FH 2% o
TR P Xk - HEBRAL IR DA AR A= 77 B9 S, SR T
W 25 W i 3 NE 1 Sy = HE 9 B A 0 SR AT AR AT B o
A= i JEHE AT AT DL - S L W BRR O i, A
Py o SEHENE AT D $eE g 3 ke A mT I K 43 0 B
A - A AR () R M0, A 2B R T, AR W
FEHE AR AT DA 5 - A HLBSR /A AL 0 5 ™ e
A LR (A e P, DR e T DA Ay - 398 [ B 1) A
RCFB, AN, A P e HE R A AT DL e
NH: . NO;.P.K.Ca Mg 555243 1 7 i LA 13 CEC,
M & HHEAR 7 . Sanchez—Monedero 28" R AIF 5T
FEUH A Wy e L E AT LAAEAS S 0 £ 49 7= o A0t i 1)
HIHE T A AR AR o A= o S 3 A ] LA ad 3=
BT AL IR 2 1R i TR B R, DA T A1 - vp
BS TR R P Ik, RIS, Az 49 e L 3 A A W] AR AIR
e NLO A HER ™), Pandit S5 4 & A
Yy e T HE 3 AT DA ek A - HE ) EC . pH LA & Eh 554k
SRR AR R R T, AR R SR HE AR W] A 1
SR MIREVR B ZREPEANTE M (0 - HERE I R ) |
IR A AR A B0 8 35 101071

Az 1) o S RS S - S8 £ 5 19 i 28 BT LS A 9
Az O BTt F i AE A e
YR I L2 7 R (52 (B 4) . AR
7 8 vt A= W e D IRV HERE DA oK LK e
A N HEFE e T VI AT LA K SR AR
P 7 T AS AR B (4R O 101071081 H Al A B 5T
e Bt FE A 0 R SR HME R J5 | B 45 1) 7= i K BEFAAIG T
249 , T A IR 7= 45 U] AR 32 52 o0, A 3y M A
YED = 3 THE e 45 10 B B S, e 2%
B EHOh DUCKEYE 2 TR R S EFIEE
Py JHlp 36 B0 107 Woang S8 E A Meta 43 BT 26 B, 24
e Wy T B 64 7 <20 t- hm 28 >30 t- hm 2 I
Al LR s VR i, T A B AE 20~30 t-hm™ 22
[ B DU SR AN B

H AR A e HE R 5 42 40 e HERE DL K A= )
¢+ 3 B [ il FH A0R 2E AT 2 H A 1A F 9 5 A 41
1. Kammann Z5°"% PU7E -3 rh s i 2% a9 4= ) e 3t
HERE AT LAAEBE 32 (1) 7= 1 1 55 305% , 1 B it FH A= )
R W WA T 60% , 3X — I G AEF 5 1) -1
HREE R B R X AT RE SR DR A A i S BE e
FE/MFES, JH RS IR R B IR L . Mikajlo
SR 23 S 06 2 B, it FF A= 490 e 6 3 B S 52 iy -
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AW RICHERE

\ mat: 1 E: /

Jiti i 48 <20 t-hm B >30 t-hm2 i AT DA 2548 s AR 47 it

kK. KE, M. MR RE, EE. BT AN, .
SRS e T S ERG ARG RS E 2
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Figure 4 Impacts of co—composted biochar on soil health and crop production

pH., T B FH A 0 o 8 A 0 e+ R FE U 2 25 4 s 1
T pH. IEAh, AW AU HENIE A HE b AR B A 2
AR T A HU SRR E I IR R A
Lo L IERE VI, X — B SRR (0 1 B Eh
WA o AR T AN ST - S 3 B R 3of AR AR B, Bl it
AW AN 57, A ) o+ ME RS 2 3™
PEws 134, AR M) LS E PR A S R B T 6
Fo b IRHIFTE R A ) e SEHENE T BEJE HEAE M) Al
S IS B ) L S R PR

6 HitERE

FE 9y 5 R 11 B P J5 5 A Al R B 5 40T
AE RIFHN RS . REOIFERY, Y0 e
FIEAS RS R L 22y 1 A S S o A O A 2 R i
HE T by B8 AR o SR T A AL 5700 ) S A o 7
N, H R AP AT g HENEAS I AT SR A7 1
PATR T 5 0t — 2 OB SE -

CL) AN TR 8 i 2 BRI S 2% 2 S BUE B R
PACPEAR 25 S K, g i A3k — 22 S5 R HEHE A 52 i
HETTR A2 foe R ) A= WD R AR e DREAR RSN R S 24,
T PP RIBETT . TF XS BUA SCHR I Meta 43472
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