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Summary

Odor control for livestock and compost facilities has focused on manure handling and treatment
during storage and land application, however, large amount of malodorous air is emitted and it is
one of main sources of malodour in livestock farming. Biological treatment or biodegradation
involves converting an organic contaminant to carbon dioxide and water using natural bacteria.
Biofiltration is an effective air pollution control technology that uses microorganisms to
breakdown gaseous contaminants and produce innocuous end products. Investment and operating
costs on the biofiltration are lower than for thermal and chemical oxidation processes. This paper
is intended to provide an overview of basic design and operating criteria for biofilters to control
odors from livestock and compost facilities.
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Table 1. Various air pollution control technologies

Type of technology Air flow rate(m'/h) Concentration (g/m’)
Condensation 200~20,000 50--200
Cryo-Condensation . 30-600 5~90
Scrubbing 200~20,000 10~40
Incineration 10,000~160,000 8§~140
Catalytic Oxidation 10,000~100,000 110
Regenerative Adsorption 100~10,000 I~10
Non-regenerative Adsorption 10~60 0-5
Compost Biofiitration 60--300,000 0~0.05
Biotrickling Filter 10~300,000 0~8.3

~155—



AN AAGA A6 A3 &

. -Mechanically Ventilated Building

, ...Exhaust Fan
Odorous Air |:

Biofilter

Reduced Cdor Air _Medium

oL

Media Support
Air Plenum
Air Duct

|
I;it Bgne;tﬁ ' B-;rn‘l

Fig. 1. Schematic of a typical open biofilter.

Vinyl house
Exhaust air volume
¥ | ~Exit

Side view of
compost bm

Rolling i\
curtaln

0 /w—wwﬁ—«ww— .

r Ll
R p—}

"—a__s.____‘;_:_‘i'-“._‘ﬁ -——-~———~—f

)
4
3;.' erinn

o

Air grate j” Exhaust fan

Agration blower

/
Compost mass

{a) Aeration airflow in static pile composting

Exhaust air

. Water sprinkler
“7 to moisten filter

Compost filter
bed

< i

Heat exchanger% Perforated
 hep o0 DT TZoC Tt Support plate

HID S I — i

i
|
Foul air !

o Drain +
Steam injector i

{b) Closed hiofilter

Fig. 2. Closed biofilter
control (Source

system for odor
William and Mitler,

S~H O

29 fAsoF gekh AaE s 0
27} ol 4Rl Hele B wlAo .

Solo W slel BE #4099 27
zRe a3 2ok

1993).
shole ez 2eH Baol Aol ulel
stol, We BAAE fASM, B FEE
ool Hul, Brldl A Aol g
HH

m

(1 %7
E7e A 71 fAE o &y, g7 4
I =9 wlele HeE 7] o] ok
¢l 22 viele e A% E7] st
Zv. Al B E717F AFE
A =E, mAe waiaclE FAEF
el Bt O 2 B ) o B e S R
TAA st FFEE ZA a1 F7
HA #ef Ack{Hong &, 2000).

ox M
>g‘- )
Lo mo

w

f
=

e jo Loafoolf oA I
0?‘-'

@ 2%

Ul AEE 30-40T X WA elA Hlo] 2
"y AFol faich

de wfAe FH2EE 26-52TE FAI8
of Hu, gHAMT HrLLET viole UFE
250 ulxe giko] Ak Hulg 2 ¢
Aol wiz] X7t AW o]Ale|d ulo] &
g 25 w4 s, AEHA Aol o
A ¢+ vh(Nicolai, 1998).

(3) &

Hu] dleol2 HeAM HAH FE(wb)S
30-60%0]|H, HE Hlo] ¢ FE = 40~70%7}
HAdsich, YA e 2 30-40%ETH 50% AT
9] glole B FRoA dTro} 7l A
Aggel w4 Wb

vtol@ HE oA EY obel 15em F2 9

FR2 50% =4 sta, Aade e
o] EaMdEzE Helop ot b, HE v
HA7F Fatel AstEe] AzEA HoiA
vlo] 2 e EHe A ¥ AL ZASF
7} skl £E Hrbh F8soh 4-54.% r;g
7} & de= S Easts Hrg F
s o A= u],{-}]%

12 G E E)
sy Aow 4
[=]

Falof ok Hoid 8

w2l AAE A7) BAE Yelay @
7 Az Bk s A FelAE wohe
e WA GAA el AT g2

o
& oF = ch(Williamsel Miller, 1993).



A4y
4 A5
W@%-%%%uwm e A e Ahwst
6-99] W HolM sk Azt F4dolst
ol tﬂ:fvga BE frlede] Hadnh
AAe #A71€ 4 oA A F-sel Fas

71 Al ol EAE HAFHor €. {7

i
|

4o #HE wole A 7ledd, o
A2 #H7l A =9 TR FAAG
shole. AE WA s —f:— %}71 # & A
gaddEolt 738 & HAASIE @

(Janni2} Nicolai, 1999).

(5) £33 vyt

dhol @ ZE = el fHA ot AHTE
&0l AsHRE AT 15H T TF 2l
| Hasith F713e0 34 @mie FE,
AAE, ¥ B FS5E&E AEWEA A

A= A2 ¥ THNicolai g} Janni, 1999).

[«)

Cl. HIOIR e dAEH

dtole ¥ F2 oAEEH HRA
. e vfA e Fshed e
F7ld e Atdete vl E fHEY wdy
o A glch

i 2+ vlole Y viAY EA4L Y
=8

dlol 2 HE A3l
T 898 g 2o

#AEE A4 2 &

Table 2. General media characteristics

Zabsh Hul A4 A AeE AW 4R

H 2 Ve 3 g
) AFA L FH &F
AF(AAS 777 FRAEE =olQ
2e] oA PEol waATolrh HHFEe
A7 A dMdste SHAEAS Faslsd

p

[

N

v oAR AFAze] Besd. AR At
{Classen 5, 2000; Janni®l  Nicolai, 1999y
lolo HE WA £4& Hr|Fem e

g 5, W ¥z HEZ AT empty bed contact

time)2. 2 EHE kg A3 Pk ShEE
w A E Ala"el HA o ulo]e FE W
= A AZE 3-1027F BEolth. A A

A 70 w7} mwte]® HE W= (biofilter
bed) £4-& AYANHM TIE FIdes #H7
2 7ko] @AH=Z2 ZHoh

HWowls HEATNS) = WA &4(m)x
60s/min/A8 Al 2 7] BHmImin) oo eeeees (1
slol e e ujAle] Av)ep FAE 7
T FAsts dele wE g3 A

P ERE

8o oex
£ 2 A

@) #AX 5 AT

oo W el HAHI %1ﬂ,
SRR AME MG, FepaE, T
O N
A elube 2AE Hulel o] Edehel

A} & ghch(Nicolai, 1998).
A71EE, S 48 % A% s oA

el F9E B T FEH( PAtel T

M

. i Nutri .

Material Porosity MOISIL‘lI‘E l utnc.nt Useful tife Comments
capacity capacity
Peat Average Good Good Good
. ial
Soil(heavy loam) Poor Gooed Good Good Materials th_at are a. good
source of microorganism

Compost{yard waste) | Average Good Good Good
Waood chips(7.6¢m) Good Average | Average | Average | Materials that allow
Straw Good Average Poor Poor good airflow

—157—



EANAgAHEA 63 E

xof fEett, WA gEE ZrsA €
oho 37 A EE e g vt 4

2oy #H7] A3 Frte o g2 ddA
& 87ste] 3u7 sojuiA dri(Jannig}
Nicolai, 1999).

(3) vtole "EH F/|(AA)

AR dhele HE WA FF
xAE Azdld M wEHe 7] 423
Ho| FTAFEG vlele HEle €4 A7
Z) g slew, gt el thr] Fel
H7i7t BHe EY He A 2H0A
£7) el Ho] 3y wholQ Bl Ege] gth
A WAe HHESE (oA HWel F3¥
7] &4 HAo Ty AZEFY
#7143 m'/m’ min, B2 m/ming Z2AHY
k. YREe slele FHE TELE
2m/min.o|t}. W Hr|ERrE wEw, 3
B A7E FHstd ZEl9] AFAT B
A Ac(Williamse} Miller, 1993).

24

o

ok [If

AEY

we oA

(4) "l A =0l

ol o WE wWAxoll AFATT
Zatel mAPT FAAA LA HeolQ HH
& el 0.25~03mr7F EFo|uh 4
Ag=e vele HE Foli 05-25m 4
E2A A Imrl gwrFelty oA L A
Aol Hrlz7l HEHsted 22 Alzbelth
ol & #Hr & e oo FFeHA E£Xet
W, ANAGL BEHA B w42 I
Hu == Ao H#r7AFE S7Heoh HE
Azh BEME JE, 7Gx, viAlEze]
#H7] o] F HAgsjor Hd
(Jannig} Nicolai, 1999).

2858 5ol

() A7 fF59 44
WA greEetE FI B Fold A
ok vhole e wAY rd Zakst H7]

74 oiAlel Aerd FME s=2v d4g W
A5z siE AAR Alagd 580 2
sfA QL wsiel HulE e ol M
oldHelrh #H7lel Huj A4 FrIEA

ELE 3-5gm’ A LoltkLesongt  Winer,
1991). #A71 ¥ty e FH71H AFAIL F
+&% Tor EdAHY, 7L 0.3-1.6mY
min/m’e] F 3 o] th(Naylorgl Gormsen, 1992).

Tdg H7) olFe @AHE vole "
714 Fad aglolth. e =g

HaE

(6) e o} wij <k

shejelo} MYe MAE ASY AEAF
ga f7i%e A% E714 el #7)
249 A7 ARl Mg 4% AP
Aneh JRAEA Aas AWEIARI
w7l shw vhele AR vkl Lejelobrt
AAs s, §7] edqgRel 4RERR
s n e A% BREA BArtas B

24 A3y A "HoHGovind, 1999).

g B]{compost) ¥ E(peat) & E%k\(soil) S
vlolQ SHE] WA #71E s uAE
of Aidddeor WA FHr7E MEI}H
= FafstA vk nleje HE oA
gl 7hA] FRel ezl E AdHeR HE
s, H7IE uiHd HHFsw AESHA
gokite] Wy AeErt Hop wAEFE =274
of Fde] Hey, o= FTHE FAsHA Hrh

1o

&

(7 viol 2 EE 7hs

gte]e e oiile] 82 wole HYy
Aol 2ielA 2% ool F 7t

%
s wtele. DE| FAe
Q% ol

Zbigol Hastr

FL FA R H7l=
% B

Qe Azg FASS ANA

—158—



Ay .

(8 utele AE viA] W= 9x ¥ EAH|
vtole HEZF S BHz2 %gn AF Hel
Uod, vole HEE 7E 5Fo Fo A
AtgA g wAste A Foh dgeze §
B ME e=M7E Frh ooiAle FHE 3-5
dolm, wiHe] R wEAs7r FUhsn

A Fdgol At wo] A A g H(Nicolai,

9 71¢ =

7l Z7]E dlele HE ol ol
25cm d ulol AH<to| 95Pa L Fdt.

Falalde viele HE vjAlEAE o4
Bulet qagte] EFE T2 50:509]
geoly, ke 38 fAsn, Huje

UAE, JUE, FEE RASE, ALEIZ
2. 3-5\d Axo|viJanni and Nicolai, 1999).
QESA A2y 2 HY8Y 27 £ 4
ole B 4%E FUgch Avle z8, 7
%, 9% e 23 52 dole AR
A% g% 240 27dn &4 37
ot wag Achs] Aol gug A% A
A7 Fa 00
PG <
2ee) Hadel FAR daw AH
M FABAL Gl Hstein Fapsh hER
SAYALEFE TP ) HelH
A pwst Hawzgedel da 94
SAYol olojuba Hair
o5 watel WE g WHew FuAA
28 wagehs A7) wole ZE(ARAA
SH M) 714 Aol Bad Agel o 9
o olF AT obelsh gL wole Wt
Nege] B4 4 483 7% uEe

]
A FEe] FAEA AuiAg A o] w4

Fojop Wi,

S el A wAskE 379 uiole #

sk o) A HAAE 19 AR B vlEe B

B 7|4 Agzme wj7|zts Hel a=d
o, HEjul&o] HHsld PEAHE A
g gl A wlEEE wWrlrhs HEle] ZA
7| o # o},

stoj e dEje] A Ao Held 2
ANstem, WA AeEA, dele ZE
A A, FHAIAFAIZE AAe wo], v
2 HEAVNHA), $EZH 8 A8y g9
ul g Fol Fasht

gtole HE wlA FFH, 37| HFURE
ol ulele e A& s Fasiy,
of| 2 2] Hul, g4, HE, digyd
o] st viele e oA nAE
H3tafof =,

oll
# AxZ FEL wASE, A7 B

[
‘IT'C

[

FrE dELE

Aol FA|7F 8ol 7hsael ). A ¢
2AsE A7 st e aAley T
&o] Easict

A7l wrolg
1

e AYrles AnHon Agss 99
Hie A4 B3age 244 JYd Fro
N248% ¢ SHAUE TR dye] A4
ot

o
0f0
0
o

1. Classen, J. J., J. S. Young, R. W. Bottcher
2000. Design and

analysis of a pilot scale biofiltration system

and P. W. Westerman.

for odorous air. Transactions of the ASAE
43(1):111-118.

2. Govind. R. 1999, Biotrickling filter.
Resource, May, ASAE, 2950 Niles Road,
St. Joseph, MI, USA.

3. Hong, J. H, H. M. Keener and D. L.
Elwell,

stabilized hog manure

2000. Biofiltration using partially
compost.  Paper
No.004095. ASAE, 2950 Niles Road, St
Joseph, MI, USA.

—15%-



HUANUBRHHA A 6 W3 E

. Hong, 1. H. 1994. Controlling factors in
open composting process. Proc. of the 12th
World Congress on Agricultural.
ing, CIGR, pp. 1553-1559.

K. A, and R. Nicolai. 1999

Designing biofilters for livestock facilities.

Engineer-

. Janni,

Livestock and Poultry Odor Workshop I,
Biosystems and Agr.
Univ. of Minnesota. St. Paul, MN. USA.
. Leson, G. and A. M. Winer. 1991.

Biofiltration: an pollution

Engineering Dept.,

innovative air
control technology for VOC emissions. J.
of the Air and Waste Management Assoc.,
41(8):1045-1054.

. Naylor, L. M. and P, ]. Gormen,
Odor control
Northest.

1992,
by Dbiofiltration in the
Presented at the NEWPCA
Annual Meeting, January 1992, Boston,
Massachusetts.

. Nicolai, R. E. and K. A.
Effect of biofilter
emissions from dairy, swine and poultry
buildings. paper No0.994149. ASAE, 2950

Niles Road, St. Joseph, MI, USA.

1999.

time on

Janni.

retention

9.

10.

13.

—160—

R. E. 1998.
BAEU-18,
Agr. Engineering Dept.,, Univ. of Minne-
sota, St. Paul, MN. USA.

Sun, Y., C. 1. Clanton and K. A. Janni.
1999. Nitrogen and
biofilters

Biofilter

Biosystems

Nicolai, Design

Information. and

sulfur balances in

affected by media moisture

content and gas retention time. Paper

No. 994131. ASAE, 2950 Niles Road, St.
Joseph, MI, USA.

. Williams, T. O. and F. C. Miller. 1993.

Part 1I: Biofilters and facility operations.
Biocycle, 11:75-79.

. Zeisig, H. D. and T. U. Munchen. 1987,

Experiences with the use of biofilters to

remove odors from piggeries and hen

houses. In: Volatile Emissions from
Livestock Farming and Sewage Operations.
eds. V. C. Nielsen, J. H. Voorburg and P.
pp. 209-216. NY. Elsevier
Applied Science Publishers.

TAY, HEF, A, FA4E. 1999, &

AA 7 E AQE, %37+, pp. 155-167.

L. Hermite,



