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ABSTRACT: In this study, we analyze the current state of domestic food waste (FW) recycling and propose a management
plan for greenhouse gas (GHG) emissions. First, the composting potential of the GW demonstrates considerable promise. In
particular, the GW (phytoplankton, periphyton, macrophyte, etc.) as a third-generation biomass shows strong performance as
a functional additive that mitigates the disadvantages associated with composting FW and improves the quality of the final
composted product. Alternatively, the final product (e.g., soil ameliorant) can be used to produce bio-filters that are effective
pollutant buffers, with high applicability for green infrastructure. The proposed ecological approaches create new
opportunities for FW as a resource for the reduction of GHG emissions, and are expected to contribute to the establishment of
effective net-zero carbon systems in the future.
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S-41E248)]7] (food waste, FW)= T 3£ 2] 9] ITEA| 31
& 1|7]& (municipal solid waste, MSW) 24 Q3+
24, 747‘1] AFS] A o|rE Q1A E| AL 9ltk FW #Al=
0% wAY] A} Q7 E Y Slela

o

I JN

e, A HEA, o Tl e gt
AETE obU e 28 B A 2] g of A BTl A
Al of7]3}t} (Stoknes et al. 2016, Mak et al.
2020).

o|& sl ast7] flall ol A= 27| SFAIE &
] A 518 el Y2 FH EW A
319 50 0F95%, SZ7hA] FAFA| A LE TTH ol E Bt
51312013 A OF o] & S| FF7]7F T A = HA] 2]
Lol 7148 1P =Y I, 2, el digt T2
Ao] 2 E= FA o]t} (Juet al. 2016). =+2]+=Euro-
pean Commission (EC)o| §H g 27152 tAtS
2 202097H2] FWE] 30%2 ARFslAlths 23 1o
3174 A (circular economy) A=) gt A5L7}
A8l Zolt}(Edjabou et al. 2016). 3}A| T =2 o] A=
ol AZbof| 3t Q& vt = on, E3] A Hu|H
2 GHG (green house gases) &2 ZHof| A Z|¢}o] |
7]4p o]am 2318 o 5]} (Moult etal 2018)

FWi 22 241 359, U7 S Hoo] 2jek
IS ME (017)f 1512 3 848551715 A
S-8-2- AR S} 49%, EJH|5}29%, 71EHA] 2] 8%, Hlo]
QI AR 7%, A/ e 4%, Al 2] A2 3% 5
O 2, thF2 ] S-gA = Al B EJH] ok (78%)0]H
2| ol mlo] @7k OC‘EEZ} o7t F7kskaL Qlck
SHAINE A A FW A 2-gof thsfiAl= 2832 g
74] ZO]';QT/\]H _Cg_z.t ﬁxh_]-fq g}ﬂgtﬁ 5_4 ,,_;q]
7 9155) A2 ARoltk. B3l FW 54 4 &4
W7 W B el B e AL E
2 A7kg HefehE Aol ol gol ASHA) oot 4
717 A E= 5 270l EAo] 9l (Song et al
2019).

FWA 2], 7}, &-g-apg ol A @Ay sk= GHG = 7|5
3o} B E sho] F a3k ofqro|th wefof A=
FWeF GHG &= 75012000 o] L7 21
)71 92|t o1 Fujalelli= 7] i} (Nakakubo
et al. 2012, Ebner et al. 2014, Munesue et al. 2015,
Schott et al. 2016, Moult et al. 2018). EC=CO, v|&

2 oM ¥ M
Ao e r

b

95% =S T8 FHE A A5l on A o2 =
3 7]/ 43} (anaerobic digestion) 34 o] A7
GHGE #4324 A" YoflA] o =] 9 24
50| Z-8-5h= =SAAE AAISHAT (Stoknes et al.
2016). T3} Moult et al. (2018)+=FW =] 2]1}4 of A]
GHG B 55 7+5517] 913 A1) FWE 13 715 (A}
&, B4, @713t 5) 3 3 2F wrlshe ek
Algret vl Sl

FW o] 920l ZAE olsfst7] flsiA=FW =
S| A of| 7|HkeE o571 o] HE7L - 25t Mak et
al. (2020)2FW o QlofA] A|<& 7Fs3t gk ulo]
QA (circular bioeconomy) +=2] £ AJof T3]
73z 0, Ju et al. (2016)2 =] FWoj 7|43t
B3kt o] B ZEA
© =2 life cycle assessment (LCA), life cycle costing
(LCCQC), social life assessment (S-LCA) 2} 72 A ofj 5=
7] M o] W asirhar R o] gt Hle AL s)
o] 1 A0l A= FU FW O] A2 HFHL ZARETL
= Woll A= m|ZIgt GHG e ofl thgt 5848 123} &
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Fig. 1. Daily food waste emissions by domestic region.
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Fig. 2. Recycling companies of food waste by region.

Table 1. Treatment processes of domestic recycling companies

Recycling | Complex . . . i rS— _ _ L
application | application | Dry | Wet Ae_r 0 Anag Com Dec_om Dlges Frag.me” Fermen Dehyd etc. | Total Ratio

) bic | robic | posting | position | tion tation tation | ration

field field

Yes | No (n) | (%)
Animal feed X X 25 | 7.2
Animal feed X X 143 1413
Animal feed X | x X 0.9
Animal feed| x (b*) X X 1.2
Animal feed|x (c**) X X 8| 23
Compost X X 52 |15.0
Compost X X X 19 | 55
Biogas X X 3| 09
Biogas X X 0.9
Biogas X X X 6| 17
Biogas X X 13| 3.8
Etc. X X 1.4
Etc. X X X 1.4
Etc. X X X X 0.9
Etc. X X X 2.0
Etc. X X X 11| 3.2

b*: biogas, c**: compost.
Except for a ratio of 0.6% or less.
Source: Ministry of Environment (2019).
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7359 “20199 A EFH7 = A @ ol uf
=W SHWAA7L 2 D85t QLS > Abest
55.8%, E|H|3}23.4% H}o] 2. 7}48}7.8%, 7]E}13.0%
of ul& Uepdeh. 2015} vl o) =k|sto}
ol 97187} Q3 et A% BIEE 4 Ak
tfto] T BHE-A = o] Fof A Qllal Fopd Al
THL AL (wet) 41.3%, EJH| (composting) 15.0%,
H}o]| @7} (ete.) 3.8% = LEFGTH (Table 1). EH|S}
AE FAA ol FFE o] AR AL=IF AL L
A oll= AR ko Blo] @7k AES 4E
PA| 2} AABE] BT A 02 A= ATk (Fig. 2)

2, S FW 2 9 A2k S AL <)
A i e (9 ) B
ot 212 M5 7]40] Aol mehad 9
7hpzal 2R ool siirk w8k B4A o] At
02 9 o 4 343] 3451 SEPW A2 2

250 tfahi 24} 284 Zwo] et elo] B
3 Ao AR,

251

2.2 FW E|H|3I2} GHG 22 |efet

(o]

EH]3} 3742 FWE A 4o)aL g A o= A7
ek S - 3 5 ool 4
AP ol A Thefet 7k 1 8448 = et
(Sanchez et al. 2015). FWoj|A] EHA5= COz, CH,,
N,O+= ofn] g2 A5 5ol d2] el o3zl
GHGolT). Q0.2 A48 (47, ARALg %)
o] ol AE7|Y (biogenic) FE|S] COy= 7| THHS}
o)) Azt 9 3Fo| glrhar oA =] X uk Al 2 © & CH,,
N,09] AL CO,Ht} zkzk 258, 2988 7+&sk
GWP (global warming potential) =0 2 H 1]
21t} (Andersen et al. 2010). |3t 7}AAF E2-2 1)
AH 0 i Buls 314 5 BAehe ST Ao
A BE, QP VS S, HAo) B4 3
2l Fa3 ojulS 7h Bk oheh AN A omE
7] = vl o] 7] Hato] A A dFE E 5
SOl A7 3 A )5 To| T (Beck-
Friis et al. 2001).
GHG HiE¥e]| SHoA FashA aLef=ojof &

fo1g
=T
.T'__

=40
HEA

=

o

i

rr

Table 2. Systematic characteristics of GHG emissions from composting factors. The main waste type was contained
different additives depending on the each experimental conditions. This data was prepared by reanalyzing the raw

data of Pardo et al. (2015)

L COx-C (%) CHsC (%) N2O-N (%) A
Description References
N | Average + SD? (%) | N | Average £ SD (%) N | Average £ SD (%)
Waste type
Food waste 24 332 + 222 19 + 3.6 19 £ 22 [2-41[71[12]
Green waste 3 85.1 + 26.6 20+ 0.8 0.3 +£02 [1][4][8]
Treatment type
Turned 68.1 £ 14.0 2 1.5 %+ 0.3 0.3 £ 0.2 [1118]
FA' 46.0 £ 28.3 ND® 03 £02 [2]
FA+Turned 19 38.4 + 28.1 7 21+ 34 3.0+23 [3,4][12]
Initial C/N ratio
<15 3 174 + 4.0 ND? ND? [31[7]
15-30 12 340 + 225 1.0 + 0.8 0.7 + 0.7 [2-41[7,8][12]
>30 11 489 + 33.1 24 + 36 33+26 [3,41[12]
Duration
<1 month 20 339 t 216 21 + 36 7 1.9 + 22 [2-4][8][12]
1-3 month 5 61.9 + 394 1.7 £ 14 04 £ 0.0 [2][4][7]
>3 month 2 33.3 + 20.8 1.2+ 00 1 0.08 + 0.0 11 [7]

"Forced aeration; 2Standard deviation; *No data;

“11] Andersen et al. (2010); [2] Beck-Friis et al. (2001); [3] Chang and Hsu (2008); [4] de Guardia et al. (2010); [5] Eklind
and Kirchmann (2000); [6] Francou et al. (2008); [7] Grigatti et al. (2020); [8] Hellebrand (1998); [9] Jeong and Hwang
(2005); [10] Komilis and Ham (2006); [11] Wang et al. (2013); [12] Yang et al. (2013).
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L iﬂl A=) Eejgfsts] B4, EH|g 34
AA, 2|F ZEA To= FE = At} (Sanchez et
al. 2015). Table 20| = o| g3t AEL 1185l FW E|
H]5F B Aol GHG & Tefsia 24t 4= 9]
L ol W2 A Tl AN
Asis AT Hlojel 7} AlgHAo] 3L ARz
Z4ekg7 ol RS 719 et ek 1
of| = E-skal #H|7]E -3 GHG vi&->FW o] 45
CO,-C33.2+£22.2%, CH4—C 1.9+3.6%,N,O-N19+
2.2% 525 Ve 9l a1, H7HA 2] green waste (GW)
= CO,-C85.1 £ 26.6%, CH4-C 2.0 + 0.8%, N,O-N
0.3+£0.2%ZGWo A GWP7} E-& EXA-S B4tk FW
r _/]us!‘zﬂako] =77 _:_:Lo] ;ﬂ-o} 17]/(% OH (aerobic
degradatlon)_J STV IEe A g o] B thHeA-8.9]

2 GHG Hj|&0] =A|7H(Yang et al. 2013), cellulose
L} lignino] ZE3FGWE A71A| 2 -85 72 bulking
agent SN OREN,0 BE0] 2o] 4221 GHG
o) 2 4= T} (Francou et al. 2008, Yang et al.
2013, Pardo et al. 2015).

EH]3} 34 WA GHG vjEsde = 4k,
C/NB|, F=7]7h 4=, pH, W2 FEl, Hrle] 27]
Y 847} B H ) (Beck-Friis et al. 2001, Sanchez
etal. 2015, Grigatti et al. 2020). Hellebrand (1998)+=
Z7|94A19] 2 Abag-2 NH; stripping, 242},
2 Aol 59 FFo R 2FHAN0 F4S JAS
4= Qlthar R 1513 9 ™, Jeong and Hwang (2005)1}
Wang et al. (2013)-2 FWE EH|31e 49 71244
2GS ARG 4= Q= AA S} S A|okstit
S CNHIZE AR A S o m 571438 2
/\457]_ 11 OHQ‘H XL;(H;GO] AN _/.\_/\ Aa ;‘<_ 5]7] 'IH“"

of w0 417 o} § 71 el ekl 2lao) 22 £
] (C/NH] 15302 Alol] Agals 7] %asict
(Eklind and Kirchmann 2000). <7|7+S E3HE0|
F P 3tE] = Aol ™, YHEA © 2 mesophilic 2
thermophilic B -8 GHG7} B4 aH 2= 9Jo] o] 2
ISP EZA ALo] QI tEh

2% Ejulsh TS MSWRFWE Zejslal o
QUABIAIZ] 5 kB E o] A4 4 gl 7]l
of o 71t A B ol ] wle] Hgakze) o
oFsld EA o|9lo| = GHGHE|E oat 2 o] AE
QA4 DAt 9 Aelek

l?i

3. FWE 0|23 MEHZSHx Xt

b B |

rdo

2t &t

273, A=A, AFA2HE & E5l
d Quf 2ol A gt A w2 A
A B AZRES F-83Hh= ol A green manure
oF frARRE 7l otk GW = Hio] @2 W 3 T Tk
LAt 1A (FEA) — 24 (F2A) — 34t
(F1A D A2 = HSE A A e
%0) 2.8440] s3I ek GWAFW 2] 3740]
X GHG WiZ-& H7H12 4 Q= 47 o] 9lo] = 54
271 9%, 24 BYL VS BAE 571, A
A SFAF S9] 7)50] Y= AR AT (Mattei et
al. 2017). E3FFW7} 7[R = 2o 2=, oFsh 2a) 2] L
Z, =258, O C/NH|, HE VB, =2 g5
5o =Pt 202 ER|e A7 A=A SAA 712
502 A 4 2l 754 AR 280 7
3 71 6 & FetEt) (Hellebrand 1998, Francou et al.
2008).

o] 341 Ho) e wlA] 9 AT EF= 71T
o] §ols}iL Tl A AAMo] om 42 el
AL AT G ol AT ghe 2 H W g)
0] green compound & A4 4= Ql= bloreﬁnery
2 A2 7R 3 glow] 22 4ke), sl
2), vlo] 2.0 %], olokE, A AR So| BHo R i
S A7F IR Folek 2 51 9 Tpof A WAk
=% (phytoplankton, periphyton)4 macrophyte
3 Q7SR 717 1= o]Eo] Aavhd
o] Wil oA F3t YUEF (N, P K, Si )=
Hu 2 Y28 o 7| ol ©s] 771817 Kk
+ 7490 w2t -85 bio-fertilizer 7} & 4= )t} E35]
J %2 (cyanobateria)= A7 oF 58 But ot E
7 nAYEol whet F71A Q1 A4 1 o] 71 SHEE o}
Ut Bk ZA| &) Ee] 4 el 7] ofgtth= Al 7t
B ¥} QJct (Han et al. 2014, Prakash and Nikhil
2014). 2 wlA| B At 2R EH|SF 2ol A]
GHG Hl}& A1to] 7Fs8HA9EN,02F CHy of| T 34 =
ZFAeE g 27} itk (Han et al. 2014).

USEPA oj| A A|A| g} food recovery hierarchy+ |
shg ] = En|slt 21 AR A o)A sHA A ol b
Wz Askgon] AR R B w715o] Adst

OPO
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QIck. WA EWS] M & 4 Ho] O o] 2 AT 5
QL= W BAH A Y A U2, GWE TS
#7154 B4 2 GHG vl 2, 87371l 7] o1
% Qli Thee 84 st Sef ek o] v
23 Aolc}

32 FW Mast HAIS I3t M8 Sy

FWE 2|&7Hs3 Ao s qehgstr] flsiA=
A2 A =Eo] Bastth &4 2 EAIE 9
A= A H7 52 A A -85kl 254
© g s A RS 2|48} sfof & Aot} wEbA] 2
AtollA 7] HESF W8-S FHoE A8dAE A
gshH 1) FW Zj2lkel2] 54, 2) 2= 9
2|F B-EA 2 FEsto] Aes AAE Ak
(Fig. 3). WA FW o Zejaleha] £ 27
E 7= 283 7 AR 4
& Aoltk tho & Ay B 342
Skl Thafgte] A 27} 7Heet A4 2 (rapid fer-
mentation or composting)7} 7|54 W AA A O 2 G
83k A 02 wekel) npxjuko 2 25 2-gA]o] 8
2o A= FHEAFEE EYTNEFA] (soil ameliorant)
20 A2 % 37 HEsto] AR R oh ek 9 9
4549 (buffer zone) BHfish= {etolt 227
Fistel ol 79 T BBk £ th =9F A4, v
LAY 7S, FFGEH A O TR ZAIE A

o

o,

QL

T e
O o ol
£ 0w

J

oL
or
1o
ox
s
e
©
N
N

HE

FW sources

Composting system

Organic waste

Green waste
(phytoplankton,
periphyton, macrophyte,
etc.)

Household

253

T} (Song et al. 2019). whatA] EJ8|3} 57 of o] 5] £
15}E] 31 o 31E FW/GW ARES =2 u)ehd, 74
A, FA A, EA| =4, AEehH, A (riparian)
FA ot -2 252 ol A A Fej = F-g-3ihA

HEEY AP A HETE o 2f Al 9] 2723 5
O] A2 gha YIA| = (Net-Zero)of] 7]0& 4= Qla A
ojt}. F7H o & e W 9lof gt A28 2 GHG
=oF Yof|=7] HEE &3l =% vio] A (circular
bioeconomy) 1-550f| 7] & 4= )& A © & Tt Th

%;9‘

e el J

lo

»

a4 E

2 AT FA|A o]l FW EA1H-S 4715
51 AYERE @bl ol 1 astgick EaF wust
TS 402 GHG Tl ol s251] 913t
SEAA AR AT RS A ATk £ AT AT
ofahEl Fh & S FW A EEE 27
31 5]7)% Wago] 40| 31 g7} Astalolet
Adol Agiek. W7k I8t QoA fefdt
MSWQI 42 Z2bshel Ut X o] i 27} U
8] got AliHE | A H 1L A5 2 8 E o] o]

=i
& T} Y& FWE A28kt 910l GHG: 37
sl b 2§ el Zwo M “ehd A3
o] g ofah= Ho] Fa3 A o 2 wekEgic,

Net-CO, emission

Soil ameliorant

Application to green infrastructure

2nd
Stabilization
5

FW products

Feedstock

FW/GW
Bio-filter as
a geosorbent

Ist stabilization

* Riparian area as a pollutant buffer

* Slope stabilization (deforestation, road, dam, stream, etc.)
+ Low impact development techniques

* Check dam to soil erosion in the catchment

* River and stream restoration

* Urban forestry and greening

« Mitigation of human effects adjacent to water environment

Fig. 3. Conceptual diagram of food waste recycling strategy as carbon Net-Zero system in this study.
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<, FWAHSk= 57]&9 25231 eHg3ks A=
ote] YA = o] 4 Zet 28T = A= FH =7}
Folo] 1A TP Bt slck ek g

+ B YA 2 (Net-Zero) A| 2/ 52 9fRE SRt
A}=t (carbon footprint) GITE7} 2712 0.2 o] 50| A
of g Zlo|t}. & Ao H=FW | A-edgha S Tio)
S}ILGHG Hj&-2 2| 4x3)s}7] 913t A Al A ek
AASFR o AfLA 2= 1) FW E2]35Ha] £4,
2) Ao W 54, 3) 2F Z-EA 9 Ao LA
of GW 28, u&A2] 34, EYNEA 7Hs, bio-
filter 7] 52 &85t 1991322} (green infra) Z-8-1}
e kg oekS AAakch Bk of et pel
19jo] cfeh A1913-8- 9 GHG 3oF Aloj77] A=}
SHHETHH 5 A AR of 7] = A= ek vio]

SR o] V5T Ao B

of

ul

AL =2

B AT e REAN SR e T
A F-2A1919] G149 (20200648)9] 13 53]
Ay,
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