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Abstract To investigate the impact of integrated emission reduction measures on greenhouse gas
emissions from composting, a trench aerobic composting experiment was conducted using cattle manure
as the composting material. The control group (CK) received no treatment, while the integrated emission
reduction measures group (OPT) was added grass charcoal ash (20%), calcium superphosphate (5%) ,
ferrous sulfate (3%, and citrate (1%) based on the fresh weight of cattle manure, and 0.5% citric acid
solution was sprayed on the surface of the pile (1 L/m?) after each turning. The effects of integrated
emission reduction measures on the basic physicochemical properties of compost, NH; volatilization, and
greenhouse gas emissions were analyzed. Additionally, life cycle assessment was applied to calculate the
carbon footprint of composting enterprises. The results showed that: 1) At the end of composting,
compared with CK, the total nitrogen content, total phosphorus content, organic matter content and seed
germination index of OPT significantly increased by 28.27%, 17.21%, 37.73% and 4.45%, respectively
(P<<0.05), and the moisture loss was accelerated; 2) At the end of composting, compared with CK, the
cumulative emissions of NH;, CH, and N,O, as well as global warming potential of OPT were significantly
reduced by 13.90%, 61.46%, 71.30% and 54.82%, respectively (P<<0.05), but the cumulative CO,
emissions of OPT was significantly increased by 15.39% (P<C0.05); 3) The results of life cycle assessment
revealed that the carbon emissions of CK and OPT in the production one ton of organic fertilizer were
118.72 kg and — 16. 51 kg, respectively. The carbon emissions of both treatments were mainly generated
during the operational phase, accounting for 96. 25% and 92. 98% of their total net emissions, respectively.
In conclusion, the integrated emission reduction measures can effectively improve the compost maturity,
reduce the loss of effective nutrients and the emission of NH; and greenhouse gases during composting,
and significantly reduce the global warming potential during composting, thus achieving the ‘coordinated
emission reduction’ effect. The carbon footprint calculation method can systematically calculate the
environmental costs of aerobic composting enterprises, and emission reduction during the operational
phase is the key step in reducing emissions for composting enterprises.

Keywords aerobic composting; tank fermentation; carbon emission reduction; carbon footprint; life cycle
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Fig.1 Life cycle assessment evaluation model of carbon footprint
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Table 1 Physico-chemical properties of materials at the initial and end of composting

AR BB/ (g/ke) MBE/(glkg) ME/(glkg) AR/ (g/kg)  FOKE/% MR RFHEC Y
Period  Treatment TN TP OM MC GI

V1t CK 15.60£0.36a 6.11+0.17c 20.63%0.61a 401.69%8.32a 67.5040.98a  40.45=+0.75¢
Initial OPT 15.13+£0.47a 7.23+0.15a 18.27+0.49b 410.72+4.24a 65.0640.91a  40.05=+0. 29¢
4k CK 11.39£1.02b 5.81£0.21c 20.38%0.03a 320.09410.93c 56.33%0.14b  66.13+0. 13b
End OoPT 14.6140.65a 6.8140.19b 17.6940.16b 357.824+9.41b 52.37+1.03c 70.58+0. 25a

e CKAAER N IRAL, OPT AR ZE G Ul HEAL ; R BN AH R /NG 70 3R T i B 1 25 5, AN A/ING PR RoR 28 5 B 3 (P<<0.05) . Tl

Note: CK represents the control group, and OPT represents the integrated emission reduction measures group; The same lowercase letter

within the same column indicates no significant difference, while different lowercase letters indicate significant difference (P<C0.05).

The same below.
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Fig. 2 Temperature changes in the composting process
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Fig. 3 Changes in NH; volatilization fluxes (a) and cumulative volatilization (b) during composting
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Fig.4 Changes in CH, emission fluxes (a) and cumulative emission (a) during composting

i & 5Ca) Bl 1, HE AR 3 F2 i CK FOPT 19 CO,
HE 538 AR A R AR ARL, o0 50 1 R HE R B i (43

54 60. 99 1 63. 86 mg/(kg-h)), i J7 & I 55 F F&
G CK I CO,HEHCGE = BREE 11,15 M1 31 K T



%123

TR - I SR I A oMl B TS T B B R A B ik 105

OPT &k, HAth i} (8] ¥IAK F OPT . #E CO, 2 FLHE L
7, BN HE AR Y fa) OPT M b CK & 2 86 m 1
15.39% (P<<0. 05) (" 5(b))

M JE 353 1) 2 A Ak FE Y NLO HE T AR Al
ULE 6Ca), CKEEA RS LS T R EHE,OPT
(19 NLO HE B &8 5 1.3.27 #1131 K& F CK 4,

A B[] #4% F CK 5 CK AT OPT Y NLO HE il 06 {8
Oy B BLAE S 9 KA 11 K, HE i & 4 B R
11.43 1 2.44 pg/(kg-h), H OPT & # it T CK
(P<<0.05) . MEMZS AT, OPT 1 N,O BB HEjl &
5 CK #1 It W #F B AR 7 71.30% (P<<0.05)
(FE6(h)) .

70 2oy
= ! (b)
Z 60k o 5 18 1
o B g7
& = 2
52 50 »ED
= 0
& g H 012
1 g 40 £
E g Jé;é 9
= 3, B
% S 30 B 3#1 6
S 20 g8
o g o OO §
10 1 1 1 - j 0 1 1 1 1 1
1 7 13 19 25 31 1 7 13 19 25 31
HEAC ) /d HEAC ) /d
Composting time Composting time
——CK ——OPT
BEls5 HEZREDCOHMBEE (a)MRRHME(b) TR
Fig. 5 Changes in CO,emission fluxes (a) and cumulative emission (b) during composting
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Fig. 6 Changes in N,O emission fluxes (a) and cumulative emission (b) during composting
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HE ik 2 20 9 BTk T 99.59% 1 99.73% B GWP,
N,O X GWP 1 STk R A X 845 . 5 CKAHEL, OPT
B GWP I 3 F A T 54. 82% (P<<0.05)
2.2 FHHEALVHLCAREITZE

A HUNE Al 42 A i J 399 P 0% Btk HE 8% B8 46
WA 7 frR . CKA5 OPT A 7= 4 mli g HLAE 77 2k 1l ¥4
B HE ik fR: 43 0 Sk 224. 06 Fi1119. 86 kg, CK 5 OPT
A 7 g A AILIE AE A2 AT B B A B Bk R TR 4

215,65 R 111. 45 kg, o5 45 F A= J& W1 (19 96. 25%
F192.98% , 5 CK A EL, OPT 7£ It Bir B i) e Hlk e 2
WD T 48,325 HEBE B BORRBR B B AR Ak HE
T A A o 3% A B AR A HLAE A 7 v Y s HE
#43, CK 5 OPT A= 7= & i A HLIE 7™ A= A e ool H1F 12t
4391 79 110. 34 A1 136. 37 kg, 16 B BE OPT A 5k ik
HER AR CKEE N 7 23.59% . % | ,CK5 OPT 4=
7R WA B AR 7 AR 0 Bk HE R 43 00 R 113072 1
—16. 51 kg, £ A W0 HE R it i 08 {d A7 HLAE SE Bl 4 (1
A
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Table 2 GWP of greenhouse gases from composting

= SR HE R/ (g/kg)

TR HEZR /0
i3 Greenhouse gases emissions GWP/(g/kg) Wil %
Treatment Mitigation rate

CO, CH, N,O
CK 15.27+1.54b 161.46+13. 84a 0.7440.07a 177.47+15.45a —
OPT 17.62+1.68a 62.3845.72b 0.2140.03b 82.21+7.43b 54.8240. 26
250 ¢
CK @OPT
200 F
150 F
 E100
ﬁ@
£
= 5 %0
T3
-50F
-100
-150 *
s diteE BT PrERB B Feor AR Bt
Construction stage Operational stage Dismantling stage Nutrient substitution ~ Total
5335 H Accounting item
B7 &£-8MANENeEaEARRERE
Fig. 7 Carbon emissions in full life cycle of product per ton of organic fertilizer
3 W S BEF 44 2 F) NHL e I NHL =N J JE 17 1 NH
15 TE

3.1 & RHEHE T BB 4 Al B HE 7% B
NH, J& i 8 b 7 rb HE il i) 008 5L A0, o g2 HE R
AR W EERAED S AR5 P NH, 4 & 8 i 1g
(B 5 B B TR DA R R 2 e X R RN
o AR T AR L A HLE S O NHL-NL i
BT NH, (1477 A 5 78 BIHE IS K 1 NH, k% 31 22 X
o, S B0 NH, #4813 5 R B s 2 R —
O, AR REASHERR I ], OPT My NH. ¥ & BB
I CK 2> T 13,90 % , 3 Ji 38 W £5 4 U HE 55 it XoF
NH 4% & A MHEF . B FHFE AN, o 8 5 55
Kt NH; #9427 10 A% [ff 7T 3k 12. 15% 5 Torkashvand
U B, T I 0 B R AR BT 4 4R A 4y
NH, " -N 54 B9 8 i Mg? ' Ca®' 45 Hofth 8 1 4%
& B NH MgPO, - 6H,0 25 i e NH,CaPO, % &2 &
R, S8 NH, -N A B[] NH, 8 4k 5 5 AR B Al 58 it

SRR U HE AR Rk T R 0 B TR U Ak R A A T
AT DL REAR 0 RE 0 pHL BT 18 450 B 9% 22 B, B AIG
HE HE W BE 6 pH BE A 2800 i HE AC i A b i) NH, #£
Ko B, BEAR OPT (1 Bl HE MR T8 5, 7] fg fif NH,
FE & 38 ARE n 3R Bk A 6E W > T OPT o
NH, " -N 1] NH, 9 % 4k, DT B AR T HE AT 3 72 vh i
NH. % .

CH,.CO, 1 N,O % i & S A4 J2& HE A o 72 A w]
A HE R A CHL HE i E 2 4 v e e AR i v
WO 1~11 K, Hd , CK 9 CH HEGE B 7E 4 7 K
A, 3R] R R PR Sk 380 AR RV G il
HE A DR AR DX Sk 20 L B IR T B A A AR A B
M 8 CHL HE R 382 . 5 CKAH L, OPT 1)
CH, 2R B E WA T 61.46% , Xl figfe i T
B AR B AR JINAE OPT A4 (1 55 7K S B A L Bt
B AR TE T AR AT 30 CHL HE RO D
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H CH, ™= A 1) fe A pH 3 L 7. 2~8. 097, 3o i 1R
5 IR B R AR IR A R R W) S S I OP'T HE
A pH &8 CK AR, D 92 3¢ W HE 44 52 % PE i), CHL
Hrt 2Bz R RES, ik OPT () CHLHERUIE F CK.,
AR AL FE T OPT /Y CO, 2 BUHE L & 4 e CK
BT 15.39% X AT RESE T OPT Hs i 17 HE R
JRE TR L TR HE A 5P, S0 M A 7 o AP AR AU
JEE S8 T, M AE G S0 AE 0 T P, DA T AR T
A W XA AL R A L 5 3R CO, FHE T
Bt it

HE N 28 A NLO B HE S 20 A6 VR il Ak A
S A AE R 2 VAR G 3 A s (8 FH 9 Jn 55 T 3 3k
A A TR TR R e R L R AL B R s
NLO A 2C 1Y B3 B Ik A=y , 2 i 3 45 3 JIE 2o 72 v NLO
B HERL . AN 5T F B CK A9 NLO HE L %8 3 AE =
T 7~13 KD, X 5 BRSO Mulbry 2849 A
Y AIE S8 AR FTRE 2 R FE 5 7 R B HEJ5 , HE1R Y
T NO, 9 B 20 e iR 3, 2 RO fe AR A A = AR
N,O, M i 5 8 N,O HE i 8 ™' . i OPT i
N,O FFUHE i i 76 5 A HE T o 72 b 34K T CK, 7T
fiE 2 T OPT o 5 A 1 V% s ) 1 HE 4
hao , nosZ/nirK %5 ) 68 3 K /9 1% 4 F1 NO, A9 %
JEEU B T M A AL B R S R, o
S AE AL ; H OPT ik 85 B2 55 | 61 B8 I 2% Ay 45 TR
SE TR T W T AR, RIS T M AR pHL, Xt 25 4 41
S A 1 A R RRE AV R T B 2D NLO 1)
HEHL

e AR i AR P A GWP EZEH CH, A CO, BT ik,
5 CKAM L ,OPT iy GWP i 3l /> 7 54.82% , %
B 25 G DL HE RS i, m L e S M TS A 380 ] o
HE— 25 TIE B G S0 HE R A Ml A i el HE 475 48 A% B0 K
.

A T A 78 Ak 7 T #i T & FF AL B AR R
R 14 “C~23 °C, R AR RN 1220, L2 ol
AT R SR (AR 2 R O 3O R R EEIEURE, BIF SR
g5 J T HEAH AL Aol 225 1 A, DA A LR A= 7= 4
St B B HE T, 4 Bh A LR AT Bl D HE 1 % J8 . EL7E
BAFHIAT, BT T2 R 25, 5 K
b A 7= PR A R E M, ] BE S S SO HERCE: BB
ANTR Y 22 52
3.2 ANESIHRETZES T

A SR LCA J5 i, I 34 HUIE Al 4> A=

i R R B HE A . A AR SR T LCA A% 5
T e B AR 3 A Bk IR R 1 5 ) H HLRIE 5 1 )
6 E MR K e B R ) SR HEC(NH, L GHG
NO, Fl SO, %5 ) %t 42 2R A4S B2 15 #  R Ak AL 0 Al 5
AR B8 52 W), % T T R 8 5 A A s HE DA B LA
WD S AR S o A IE A M B L RE TR
FAL 27 H A b A5 1 i HE 0O R CRL S 4% Bk
T6] 422 (1% A HE i, 491 4 CHL, W NLO . CO, Al NH;, 47 #L
JIES 7= ke Ak IR R AR s HE D HEAT TR T . SR
FW, CK M OPT A= 7= & i A7 1AL 7 A= A il HE i o
439 A 113,72 F1— 16. 51 kg, Hidh OPT S8 1 7
WA . X EEREH T OPT ZEHEIE dh 43 1 sk
Tt , 5 802 17 B B 52 B e HE L, [R5 T A
BUAE Y 5% 43, fel 37 43 8 AR 2 0 ok v HF o o 1 42
Az i AL 7 A B e B HE R R o TR AR R B 3
FIRE AT HE N J5 AT 52 80 67 e HE T, AR A 7 B I AL
JE B v HE B A 1. 85 tC L CO, Y i i) (H - %
IOk HE 6 4 7E A WL IE it FH S - L it
Wi A MR 4 8 [ B N 5. 27 t(LL COL B3, R
1T, A G A i o] S AE 78 v O S A 1 B B A % J R}
12 K B B A 0 B HE S AR . ABR SR R
A HUIE C 24807 DS BB e 2B 7 R BT E— 25
ko nge d By BEAR ARt T T2 b AR A ThT
TP 1 A ) T 6 o, [ Bsf 0 5 6 20 ) 20 4 5 7
IBATBY B, A0 SRR R B B AR S R AR A
AT B LR O I Ak B IR0 A I IR 2 TH S 0L ok 1Y
Ty S REHE , DA R I TR 4 A A JR 0T A BE RE 5
HETKL o

AR 5% 38 3o A X AR HE R R 5T 25 A ek HE 4 it
Xof A I A HE IR 52 o (] R Rz P 4 A i S 0
PEAA X6 A7 HILAE AR 57 4 M 0 e HE il A2 530 1E 4 S GIE F
5 AR 458

IS FH R RS i 5 OPT 4 3 M 44 3L B o 35 K
Gy 7R AR AR HE T HEAC JE B, HE AR R TNLUTP Al
OM 33l B4 1 28.27% . 17.21% #137. 73% , HE L
Fror B R BEAR

HEAE S5 I, OPT 43 AH b CK NH, . CH, I
N,O S B HE L & 43 51 2 0 T 13.90% .61, 46 %
M 71.30%,CO, R & B2 1 n 1 15.39%,
GWPI/D T 54.82% .
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DIELHAGRR T, CK5 OPT A 7= 4 i 4 HL

JIES 7 A 1) B R A S i O 113, 72 1 —16. 51 kg
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