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Abstract 10.5%, 39.0%, and 28.6%, respectively, during com-

posting. Especially, physical additives (e.g., biochar and
zeolite) have a greater effect on mitigating N,O emis-
sions during composting than do chemical additives

Composting has been proposed for the management of
organic waste, and the resulting products can be used
as soil amendments and fertilizer. However, the emis-
sions of greenhouse gases (GHGs) such as CO,, CHy,
and N,O produced in composting are of considerable
concern. Hence, various additives have been developed
and adopted to control the emissions of GHGs. This re-
view presents the different additives used during com-
posting and summarizes the effects of additives on
GHGs during composting. Thirty-four studies were re-
viewed, and their results showed that the additives can

reduce cumulative CO,, CHy, and N,O emission by Key words: Biochar, Dicyandiamide, Methane, Nitrous

oxide, Superphosphate

(e.g., phosphogypsum and dicyandiamide). In addition,
superphosphate had a high CO, reduction effect, where-
as biochar and dicyandiamide had a high N,O reduction
effect. This implies that the addition of superphosphate,
biochar, and dicyandiamide during composting can con-
tribute to mitigating GHG emissions. Further research
is needed to find novel additives that can effectively
reduce GHG emissions during composting.
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Table 1. Effects of physical additives on greenhouse gas emission (GHG) during organic waste composting
Change in GHGs emission
(% respect to control)
Additive Feed stock C - Reference
omparison
type® CO, CH, N,O
Bean dregs Pig manure + wheat straw C +25 +41 +16 [19]
Biochar(holm o0ak) Green waste + municipal solid C -53 -95 14 [15]
waste(organic)
Biochar(wheat straw) Pig manure + wheat straw C +36 -19 -38 [19]
Biochar(wheat straw) + Bean Pig manure + wheat straw C -17 - -18 [19]
dregs
Biochar(cornstalk) Pig manure + kitchen waste C - -47 - [20]
Biochar(pig manure) Pig manure + kitchen waste C - -58 -13 [20]
. Cattle manure + saw dust + b
Biochar(eucalyptus wood) vegetable scraps + teff straw C n.s 91 -57 [22]
. Humanure + saw dust +
Biochar(eucalyptus wood) vegetable scraps + teff straw C ns -65 -56 [22]
Biochar(wood) Cow manure + wheat straw C +51 - - [23]
Biochar(wheat straw) Cow manure + wheat straw C +59 - - [23]
Biochar(tobacco) Food waste digestate + saw dust C ) ) 65 [24]
+ mature compost
Biochar(bamboo) Food waste digestate + saw dust C ) ) 31 [24]
+ mature compost
Biochar(bamboo) Pig manure + saw dust E +53 -54 -36 [40]
Biochar(tobacco stalk) Pig manure C -26 -42 -65 [41]
Biochar(bamboo) Pig manure + wood chip + saw C ) ) 26 [42]
dust
Biochar(bamboo) Hen manure + wheat straw E -52to-10 -55t0-35 -59to0 [43]
Biochar(bamboo) Pig manure + saw dust E - -54 -37 [44]
Biochar(wood) Sol.1d manure + orchard clipping C 19 79 } [45]
residue
Biochar(tobacco stalk) + Zeolite Pig manure C -30 -47 -78 [19]
Biochar(tobacco stalk) + Zeolite py. e C  47to-34 61t0-50 -81to-80  [19]
+ Wood vinegar
Ca-Bentonite Pig manure + saw dust C n.s n.s -29 [21]
Ca-Bentonite Sewage sludge + wheat straw E - -86 -81 [46]
Clay Pig manure + sawdust C - -46 -87 [17]
Clay Chicken manure + wheat straw E 0Oto+91 -50t0-9 -63to0 [47]
Corn stalk Kitchen waste C - -93 -47 [16]
Diatomite Pig manure +saw dust C +12to+30 -30to-18 -84 to27 [48]
Lignite(Bacchus Marsh) Cattle manure C -12 -52 -72 [49]
Lignite(Loy Yang) Cattle manure C -23 -59 -61 [49]
Lime Food waste C - -81to-23 -50to -39 [50]
Medical stone Swine manure + wheat srtaw C - - -19 [39]
Medical stone Pig manure + saw dust E +60 -74 -56 [40]
Medical stone Sewage sludge + wheat straw E - -87 -84 [46]
Medical stone Pig manure + saw dust E - - -79 to -43 [51]
Medical stone Pig manure + wheat straw C - -28 - [52]
Nano zero-valent iron Pig manure + kitchen waste C - -29 - [20]
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Change in GHGs emission
(% respect to control)

Additive Feed stock - Reference
C"Typser;son CO, CH, N;O
Saw dust Kitchen waste C - -98 -73 [16]
Spent mushroom substrate Kitchen waste C - -98 -29 [16]
Spent mushroom substrate Pig manure + cornstalk C - - -37 [53]
Wood vinegar Pig manure + saw dust E +74 -68 -69 [40]
Zeolite Chicken manure C -8 -56 - [18]
Zeolite Pig manure + saw dust E +40 -69 -67 [40]
Zeolite Sewage sludge + wheat straw E - -88 -79 [46]

# C, Cumulative GHG emission; E, peak of GHG emission rate;
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Fig. 1. Box plots showing 5th-95th percentile of the change in GHGs emission by physical additives (A) and change in
GHGs emission by physical additive application rate (B). Values are the means, and values in parentheses are the number

of sample in box plots. n.s means not significant.
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Table 2. Effects of chemical additives on greenhouse gas emission (GHG) during organic waste composting

Change in GHGs emission
(% respect to control)

Additive Feed stock Comparison Reference
type® CO, CH, N;O
Apple pomace Sewage sludge C - -22 -33 [54]
CaMgP fertilizer + Phosphogypsum Pig manure + cornstalk C - - +31 [55]
Citric acid Sewage sludge C - -33 -51 [54]
Dicyandiamide Sewage sludge C - -34to0 -52to-12  [28]
Dicyandiamide Swine slurry +saw dust C - -48to+68 -92t00 [29]
Dicyandiamide Pig manure + cornstalk C +6 -10 -32 [32]
Dicyandiamide Swine slurry + saw dust C - -20to0 -56to-20  [56]
Elemental sulfur Sewage sludge C - -71 +48 [54]
Magnesium hydrogen phosphate Sewage sludge C - ns’ -70 [54]
Phoshpogypsum Sewage sludge + cornstalk C - -49 +23 [26]
Phoshpogypsum Cattle manure C n.s -97 to -82 n.s [31]
Phoshpogypsum Pig feces + cornstalk C - -61 n.s [33]
Phoshpogypsum Pig manure + cornstalk C -13 -44 - [34]
Phoshpogypsum Swine manure C - - +8 [39]
Phoshpogypsum Pig manure + wheat straw C - -23 - [52]
Phoshpogypsum Pig manure + cornstalk C - - +22 [55]
Phoshpogypsum Kitchen waste + cornstalk C - -86 +3 [57]
Phosphogypsum + Dicyandiamide Sewage sludge + cornstalk C - -57 -69 [26]
Pohsphogypsum + Dicyandiamide Pig manure + cornstalk C -14 -39 -36 [32]
Pohsphogypsum + Dicyandiamide Pig feces + cornstalk C - -59to-53 -35t0-33  [33]
Phosphoric acid Sewage sludge C - -53 +32 [54]
Potassium peroxodisulfate Pig manure + kitchen waste C - -71 +60 [20]
Superphosphate Chicken manure C -28 -62 - [18]
Superphosphate Sewage sludge + cornstalk C - -58 -31 [26]
Superphosphate Pig manure + cornstalk C -38t0-32 -12to-6 -40to+16  [30]
Superphosphate Pig manure + cornstalk C =27 -60 to -29 - [34]
Superphosphate Pig manure + saw dust C - -34 - [35]
Superphosphate Pig manure + woody peat C - -36 n.s [36]
Superphosphate Sewage sludge C - -43 +15 [54]
Superphosphate Kitchen waste + cornstalk C - -81 +15 [57]
Superphosphate + Dicyandiamide Pig manure + cornstalk C -9 -33 -25 [32]
Superphosphate + Dicyandiamide Sewage sludge + cornstalk C - -63 -75 [26]

® C, Cumulative GHG emission; E, peak of GHG emission rate;
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Fig. 2. Box plots showing 5th-95th percentile of the change in GHGs emission by chemical additives (A) and change in

GHGs emission by chemical additive application rate (B). Values are the means and values in parentheses are the number
of sample in box plots. n.s means not significant.

Table 3. Effects of biological or compound additives on greenhouse gas emission (GHG) during organic waste composting

Change in GHGs emission

(% respect to control)
Additive Feed stock Reference

Comparison Co, CH., N,O
type
Bacteria® Cow manure C +22 ! ! [23]
Biochar + Bacteria® Cow manure C -15 ) J [23]
Biochar + Bacteria® Cow manure C -21 ) J [23]
Bacteria“ Sheep manure + corn stalk C +193 -11 -90 [37]
Biochar + Bacteria® Sheep manure + corn stalk C +2 -66 -69 [37]
Nitrifying bacteria® Sewage sludge + rice husk C - - -35 [38]
Biochar + Bacteria® Pig manure + saw dust E - -80 -45 [44]
Biochar + Bacteria® Pig manure + saw dust E - -69 -45 [44]
Medical stone + Phosphogypsum Swine manure + wheat straw C - - -43 [39]
Zeolite + Ferrous sulfate Chicken manure C -12 -51 - [18]
Zeolite + Ferrous sulfate + Chicken manure C 28 74 ) [18]

Superphosphate

* C, Cumulative GHG emission; E, peak of GHG emission rate; ® From fresh cow manure by using modified basal slat
media; ¢ Nitrogen-fixing bacteria, inorganic phosphorus dissolving bacteria, organic phosphorus dissolving bacteria, potas-
sium dissolving bacteria; ¢ 1:1:1 mixture of Berevibaciluus Agri N2, Gordonia paraffinivorans N52 and Streptomyces sp.
N23; ¢ High temperature aerobic microorganism; ' Effective facultative microorganism.
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Table 4. Unstandardized and standardized coefficients, standard error, and # values for multiple regression analysis of

effects of additives on cumulative CO, emission

Unstandardized Standardized
Additive Number of Coefficients Coefficients ¢ P
sample
p SE p
(Constant) 29.74 13.93 2.135 0.040
Bean dregs 2 -11.36 27.80 -0.06 -0.409 0.685
Biochar 13 -28.76 16.66 -0.36 -1.726 0.093
Ca-Bentonite 1 -29.74 39.60 -0.11 -0.751 0.458
Diatomite 2 -8.74 29.69 -0.05 -0.295 0.770
Dicyandiamide 6 -23.74 19.35 -0.21 -1.227 0.228
Ferrous sulfate 2 11.13 37.90 0.06 0.294 0.771
Lignite 2 -47.24 29.69 -0.25 -1.591 0.121
Superphosphate 11 -53.02 16.74 -0.59 -3.167 0.003
Wood vinegar 3 -8.95 34.85 -0.06 -0.257 0.799
Zeolite -34.36 27.80 -0.32 -1.236 0.225




Composting with Additives to Reduce GHGs Emission

365

Table 5. Unstandardized and standardized coefficients, standard error, and ¢ values for multiple regression analysis of

effects of additives on cumulative CH; emission

Unstandardized Standardized
Additive Number Coefficients Coefficients ¢ P
of sample
p SE p
(Constant) -45.87 9.11 -5.038 0.000
Apple pomace 1 23.87 31.37 0.08 0.761 0.450
Bean dregs 2 7429 22.32 0.35 3.329 0.002
Biochar 13 -16.45 12.54 -0.19 -1.311 0.195
Ca-Bentonite 1 45.87 31.37 0.15 1.462 0.149
Citric acid 1 12.87 31.37 0.04 0.410 0.683
Clay 1 -0.13 31.37 0.00 -0.004 0.997
Corn stalk 1 -47.13 31.37 -0.16 -1.502 0.139
Diatomite 2 21.87 23.10 0.10 0.947 0.348
Dicyandiamide 19 26.28 10.80 0.34 2.433 0.018
Elemental sulfur 1 -25.13 31.37 -0.08 -0.801 0.427
Ferrous sulfate 2 -22.80 30.62 -0.11 -0.745 0.460
Lignite 2 -10.13 23.10 -0.05 -0.439 0.663
Lime 2 -5.93 23.10 -0.03 -0.257 0.798
Magnesium hydrogen phosphate 1 45.87 31.37 0.15 1.462 0.149
Medical stone 1 17.87 31.37 0.06 0.570 0.571
Nano zero valent iorn 1 17.87 31.37 0.06 0.570 0.571
Phosphoric acid 1 -7.13 31.37 -0.02 -0.227 0.821
Potassium peroxodisulfate 1 -25.13 31.37 -0.08 -0.801 0.427
Saw dust 1 -52.13 31.37 -0.17 -1.662 0.102
Spent mushroom substrate 1 -52.13 31.37 -0.17 -1.662 0.102
Superphosphate 17 7.15 10.80 0.09 0.662 0.511
Wood vinegar 3 3.06 28.11 0.02 0.109 0.914
Zeolite 7 2.59 22.32 0.02 0.116 0.908

2kob tlARlT|etuto] E7F N,O A7tel] &34 0% ghd
ok Rbdol w8 iHE(potassium peroxodisulfate) = N,O
WA ol 77 A oE YEhstod 3 7t
191 A& 318 A] B3bgo] NO HES 577 &
W7} ko Aol ojEFe] Sle Zlow wddn

(Table 6).
B ATrellds A7HAY st 3 F ddshkes 247
2ol WA= el vigt AsE Aske] vlatAs st

Atk EAAve] w2d H7HE #nlg 3 5 CO,, CH,,
N,O 22852 10.5%, 39.0%, 28.6% A7A71= 2102
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o AZE A 2 A0 deRth 1 A7HE & S CO
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FIF s 210 YR on CHys H7HA kel fref gt
zfolE ERlgh = ¢loith webA, RN S, Hlo] e} TiA|
oftjotnto|= 55 EH|g} T Foll A7k vAFEHS 9

Ir
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Table 6. Unstandardized and standardized coefficients, standard error, and ¢ values for multiple regression analysis of
effects of additives on cumulative N;O emission
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Unstandardized Standardized
Additive Number Coefficients Coefficients ¢ P
of sample
p SE p
(Constant) -6.19 8.70 -0.712 0.480
Apple pomace 1 -28.81 30.10 -0.09 -0.891 0.377
Bean dregs 2 17.53 21.35 0.08 0.821 0.415
Biochar 14 -24.67 12.15 -0.28 -2.030 0.048
Ca-Bentonite 1 -22.81 30.10 -0.07 -0.758 0.452
CaMgP Fertilizer 2 -8.01 22.16 -0.04 -0.361 0.719
Citric acid 1 -44.81 30.10 -0.14 -1.488 0.143
Clay 1 -80.81 30.10 -0.26 -2.684 0.010
Corn stalk 1 -40.81 30.10 -0.31 -1.356 0.181
Diatomite 2 -49.31 22.16 -0.22 -2.225 0.031
Dicyandiamide 17 -33.69 10.54 -0.40 -3.196 0.002
Elemental sulfur 1 54.19 30.10 0.18 1.800 0.078
Lignite 2 -60.31 22.16 -0.27 -2.722 0.009
Lime 2 -38.41 22.16 -0.17 -1.733 0.089
Magnesium hydrogen phosphate 1 -63.81 30.10 -0.21 -2.120 0.039
Medical stone 2 -24.81 22.16 -0.11 -1.120 0.268
Phosphoric acid 1 38.19 30.10 0.12 1.269 0.210
Potassium peroxodisulfate 1 66.19 30.10 0.21 2.199 0.032
Saw dust 1 -66.81 30.10 -0.22 -2.219 0.031
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