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Abstract : The composting is a biological process that converts organic matter into useful resources such as fertilizers. It is a
continuous transition of microbial communities to adapt changes in organic matter and environmental conditions (carbonation
rate, temperature, humidity, oxygen supply, pH, etc.). Most of the composting plants are located in the proximity of the residential
areas. It is a general scenario where government authorities receive complaints from the local residents due to release of odor
from the composting, and has become a social problem in Korea. Identification of dominant microorganisms, understanding
change in microbial communities and augmentation of specific microorganism for composting is vital to enhance the efficiency of
composting, quality of the compost produced, and reduction of odor. In this paper, we suggest the optimum operation conditions
and methods for compost depot to reduce odor generation. The selection of the appropriate microorganisms and their rapid
increase in population are effective to promote composting. The optimal growth conditions of bacteria such as aeration (oxygen),
temperature, and humidity were standardized to maximize composting through microbial degradation. The use of porous minerals
and moisture control has significantly improved odor removal. Recent technologies to reduce odor from the composting
environment and improved composting processes are also presented.
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Figure 1. Schemetic diagram of composting process.
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Figure 2. Composting microorganism: (a) Actinomycetes: [53], (b) Streptomyces: [54], (¢) Bacillus: [55].
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Table 2. Major Foodwaste compost depot in Korea [52]

Location Food waste treatment facility Deodorization facility
. . Name Capacity Throughput .
Province District (ton d') Method (ton d”) Method Capacity
. | Agriculture Company . . 3.
Gangwon | Gangneungsi Tackwang Feeding Inc. 80 Composting 60 Adsorption 250 m” min
Kyeonggi Yangjusi EPS Solution Inc. 200 Composting 32 3 ]ilcgilfl“: EZ;S’ 400 m’, 600 m’, 700 m’, 400 m’
Water Scrubber 440 ton min™' * 1,
. .. . Wet feed, 600 ton min'1*3, 1000 ton min™'*6
Kyeonggi Yonginsi Dongwoo Bio. Inc. 315 Composting 153 Centrifugal Scrubber 600 ton
min'l*l, 1000 ton min™'*2
. . Kimhaesi Food waste . Soil .1
Kyeongnam | Kimhaesi Compost Depot 150 Composting 126 deodorization 370 ton min
. Feeding and
Kyeongbuk | Youngcheonsi Dongsan Inc. 90 Composting 16
. Sungju Environ- . . 3.
Gwangju Namgu mental Tnc. 150 Composting 120 Absorption 400 m” min
Daegu Dalsung-gun Youngnam Inc 60 Quicklime 30 Absorption
& &8 & ’ treatment P
Daejeon Yuseong-gu Dagjeon Food waste 100 Compostin 78 Bio-filter 450 m® min™'
J £ Compost Depot P &
Busan Gangseo-gu Samdeuk Inc. 250 Feeding 186 Water Scrubber 300 m® min”
Dry Incineration B 3.
Seoul Seodaemungu EATech. Inc. 300 Composting 300 (RTO) photolysis Stonh”, 1800 m” min
Ulsan Uljugun Doojeon Inc. 60 Composting 15
. Water Scrubber
Incheon Kangwhagun | Gangwha Clean Inc. 95 Composting 64 Water Scrubber (500 m* min”1300 m* min™)
Chonnam | Danyanggun Cheongrok Bio Inc. 95 Composting 50 Deo?g:}ztlon 800
Chonbuk Jeonjusi Daewon Inc. 300 Dry . 271 Dust Scrubber 350 m® min”
Composting
. L. Jeju Food waste . Water Scrubber, 3.1
Jeju Jejusi Compost Depot 60 Composting 81 Bio-filter 301 m” min
Chungnam Gongjusi Dacchung 120 Composting 34 Sealin,
& & Environmental Inc. (Using cocobit) J
Chungbuk | Chungjusi Chungju 170 | Composting 177 Bio-filter 380, 350, 250 m’ min’!
Composting Inc.
WA BAT 2ABOIH S S0~65C W HE 55~61 %  ATET FAG FFS Kol : UeHI5]. T, Table 33} 2
WIS fAtEA Hulsh B GRATh LYTAS B o] B, BT FHUIF ) £GarES 2
N AT, 1A 28 A B 2Eeh GERel A o] B SQShT A ThE ARt SARHA @]
BAE v Hlous AEE BAATE 3dA oA thas oA of 4l 3t T FHEARE AT WHEATF A7) =L
sl WA Bott olejat HulAte SqATe 129 gltHle)
Table 3. Compost operation conditions in Chungsim Corporation Inc. Chungyang, S. Korea
Division Work content (Materials) Elapsed days (Retention time) | Air supply (24 hours) Remarks
Stirring after loading 25HP x 2 New& Old loading, Mix,
I Stage (Organic waste + Saw dust + Microbs) >th day(3) 30HP x 1 Operation Distance : 30 m
Stirring, Firmentation, Composting, ISHP x 3 Moving forward: 3 m day ™
2 Stage Air supply(Blower), Conveyer 20~25 days (15~20) 20HP x 3 Operation Distance : 40 m
. 15HP x 4 Moving forward: 3 m day'1
3 Stage Add sludge, Drying 25~35 days (5~10) 10HP 1 Operation Distance : 20 m
Shipment Ship finished product 36~37 days (1~ 2) Water content : 35%
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Figure 3. Biochemical reactions of composting.
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Table 4. Chemical compounds present in compost [36]

b) T
Odor group Compound Abbreviation Chemical formula oTV” (ppb) I\(/i)]r))IbS) Rgfse]a)tﬁf’%y
Styrene Sty CsHsCH=CH, 30 4.1E-02 2.56
Toluene Tol CsHsCH; 900 5.2E-02 1.05
Xylene m,p-Xylene m,p-Xyl (CH3),CeH, 41/58% 7.5E-02 2.55
VOCs 0-Xylene 0-Xyl (CH3),CeHa4 380 8.7E-02 1.87
Methyl ethyl ketone MEK CH3COC;Hs 440 2.0E-02 4.35
Methyl isobutyl ketone MIBK CH3COCH,CH (CH3) 200 8.2E-02 4.17
Butyl acetate BuAc CH3CO,C,Hs 8 7.8E-02 4.61
Isobutyl alcohol i-BuAl (CH3),CHCH,OH 10 4.0E-02 3.87
Hydrogen sulfide H,S H>S 0.5 2.7E-03 3.82
RSC Methyl mercaptan CH3;SH CH;SH 0.1 2.6E-03 5.11
Dimethyl sulfide DMS (CH:;)2S 0.1 3.2E-03 3.27
Dimethyl disulfide DMDS (CH3).S: 0.3 2.6E-03 475
Nitrogenous .Ammonia. NH; NH; 100 52 3.70
Trimethylamine TMA (CH3):N 0.1 9.0E-02 3.51
Acetaldehyde AA CH;CHO 2 0.52 0.78
Aldehyde Propionaldehyde PA CH3;CH>CHO 2 0.34 1.95
compounds Butyraldehyde BA CH3CH,CH,CHO 0.3 0.55 224
Isovaleraldehyde IVA (CH3),CHCH,CHO 0.7 0.63 3.02
Valeraldehyde VA CH3(CH,);CHO 0.2 0.51 4.05

RSC=Reduced Sulfur Compounds, VOCs=Volatile organic Compounds, YOTV=0dor threshold value: Refer to KMOE (2007)
"MDL= method detection limit, "RSD= Relative Standard Deviation, d)m-xylene:4l ppb, p-xylene=58 ppb

FolrAHS)E FEATIAR B71Heh 549 =ujake]
s 1 Fuol ol slel AFASl Aol AL
u]2 4= QltiTable 5). 3¥HA] AF R|W4KVolatile fatty acids,
VFAs)2 OFA|EAL 2 0] 2A), KLE|2AL iso-LE] 24T, W
2AL jso-dbg| 2AL Tl 2okl 58 xalkely, thal A 9l gk
go] Bajabgol ] HAHC) 1 9] BAF U 2o 7A@
=Rl o1tsteax(COy), MEHCHy) B okitehd 2(N0)=
PAo] rjH o Fulsiel Yol W Aow BuED

e}

i

W, A2, B8 L A Sol AR 8]
e e e
ufol o e, vk AW Fol ZASL, AW Helgus
o ohgut 2 - WS AhAR ek B8 okl X ey
© g4 OHEY Mol AYskn U ul7t At 221
Yot shelet B 2% cahel 3H

ago] ZRE ] M5 vl go] WAHAL v pgA o
2124 Hel7t ol ek wao] irk BAMY A%,

A 77100

s

I

I

%
.1
N
=2
E:)

S1eH37) of o} B4 A2t APty FAAY wA
WA GBS ARG B B PUORE SR Aol A4HAD BAV 24 M) WD ) of
_7'51

Table 5. Features appeared in swine and humans after exposure to
hydrogen sulfide [38]

Table 6. Odor control technologies [37]

Concentra- —
tion (ppmv) Features Description System
Swine - Biofilters, Biological and chemical wet
50 - Increased susceptibility to pneumonia and other Odor control scrubbers, Diet manipulation, Fat added to
respiratory problems technologies for feed, Manure additives, More frequent ma-
100 - Loss of appetite, sneezing nervousness buildings nure removal
>300 - Mouth and snout irritation, hardness of breath - Nonthermal plasma, Oil sprinkling, Ozone,
Shelterbelts, Windbreak walls
Human
520 - Red, upper respiratory irritation Odor control - Aerobic treatment, Anaerobic digestion,
100 - Continual irritation to eyes, respiratory tract and technologies for Floating clay balls, Geotextile cover, Manure
mucosa surfaces manure storages additives, Natural crust, Solid cover
500 - Eyes, upper respiratory irritation Odor control - Manure incorporation or injection, Chemical
5,000 | - Rapid breathing, respiratory spasms, and suffocation options forland | addition, Odor Control Options for Other
>10,000 | - Rapid death application of Odor Sources, Mortality composting, Solid

ppmv= part per million per volume

manure composting, Solid separation, Solid separation
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Table 7. Bed (carrier) materials used in biofilters and odor control
[38]

Bed material

Contaminant

Pig manure + sawdust Hydrogen sulfide

Peat (raw, fibrous or granular) | Dimethyl disulfide
N -

Peat + granular activated carbon Dimethyl sulfide

(GAC)

Ammonia, Methanethiol, Hydro-

Wood-based media gen sulfide, Dimethyl sulfide

Ammonia, Hydrogen sulfide,

Wood chips Odors from swine farm

Hydrogen sulfide, Dimethyl di-

Wood bark + compost sulfide, Ethanetiol

Wood bark Ammonia

Wood chips + GAC Hydrogen sulfide, Ammonia
Compost + activated carbon Ammonia

Compost + wood shavings Terpene odors

Compost + wood chips Methanol

Compost + peat, compost pellets| Ethyl acetate

Toluene
Coir pith (coco peat) Compost | Toluene

Ammonia
Activated carbon, exhausted Dimethyl disulfide
Activated carbon, granulated Hydrogen sulfide
Diatomaceous earth Lava Methanol, n-hexane
rock (scoria) + compost Ethanol

Xylene

Perlite
Polyurethane foam

Ammonia, Acetone, n-Butanol
Solvent vapor
Acetone, n-Butanol, Ammonia

Porous silica packing
Sludge, granulated

Hydrogen sulfide
Hydrogen sulfide, Ammonia

TDRP Hydrogen sulfide
UpP20” Hydrogen sulfide
UP20 + fibrous peat

“Tire-derived rubber particles
Mixture of CH4N,O, H3PO,, CaCO; and organic binder (upto 20%)
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Table 8. Odor removal technology

Application Filing date Inventor Name of the invention Technical summary
number
Effective odor elimination method that removes ammonia
Jae-whal Song, . .
Tun-kwan Apparatus and method for and various odor components generated during sludge
10-2006-0110529 | 2006-11-09 Hwanebo removing odor generated ina | drying and recycling the exhaust gas heat of a thermal
& sludge treatment process accumulation catalytic oxidation reactor to increase
energy efficiency
Jae-yu Yang Odor removal system and A system and method for eco - friendly removal of odors
10-2008-0078263 | 2008-08-11 | Young-il Kim removal method of livestock | from livestock manure by applying Pulsed Corona Dis-
Sang-eun Oh | manure using Corona discharge | charge (PCD) technology
Hyun-uk Kim Ba:::a?rfeen}tjls()ISotircla\lkv\iﬁtﬁter Batch biological water treatment system with intensive
10-2011-0065254 | 2011-07-01 |  Tl-ryup Choi ystem lorogiea’ yste
. concentrated selective odor | selective and efficient malodor collection means
Tae-sub Shin .
collection means
Animal offensive odor remedy | Animal offensive odor remover containing microbial
10-2012-0128385|2012-11-13 | Pyung-uk Kim containing microbiological | probiotics as an active ingredient and a method for pro-
probiotics as active ingredient | ducing the same
The present invention relates to a deodorizing device
Deodorizer with air having an air bubble absorber, wherein a bio-tricling filter
10-2012-0131386 | 2012-11-20 | Chan-su Lee zerw and an air bubble absorber are installed in the deodorizing
bubble absorber .
tower to effectively remove odorous components from
the odor air
. . A deodorizing device for collecting odor gas and mixing
10-2015-0182918 | 2015-12-21 Myung-Kyu You nghiefﬁ01ency a malodor gas and a solvent supplied from a pump to
Chul-keun Yun deodorizing device
remove a part of harmful components
A composition for removing odor of an animal manure
Compositions and methods | and a method of manufacturing the same. A simple
10-2015-0055474 | 2015-4-20 | Sung-sun Kim for their preparation for the | spraying method at each stage of discharging, collecting,
odor of livestock waste storing, etc. of raw and manure livestock manure which is
made by using cedarwood tree, sancho
10-2015-0109672 | 2015-08-03 Kyung-gak OdoranF removal device The c?dorant removal device is connected to the vent of the
Kwon for livestock farm housing by a duct odor removal system

Table 9. Operation condition and factors affecting the composting

process [28,29]

Parameter Value
pH 6-8
Organic matter (%) 70
Organic carbon (%) 33.11
Temp. (C) 55-75
Initial C/N ratio 20-30/1
Aeration 2Lmin" m® (Volume; 25 L)
Moisture content (%) 50-65%
N (%) 1.82%
P (%) 1.29%
K (%) 1.25%
Fe (mg L) 1019
Mn (mgL™) 111
Cu(mgL™) 180
Zn (mgL™) 280
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