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Abstract This study evaluated the effectiveness of bio-curtains (hereafter referred to as curtains) installed in a pig facility
from the perspective of ammonia emissions rather than ammonia concentration, as done in previous studies. The curtains
were constructed by covering a rectangular frame with mesh, and they were installed outside the exhaust fans on the
sidewalls of a pig facility where 48 finishing pigs (average weight 93 kg) were being raised. The experiment measured
ammonia concentrations at the exhaust fan and the outer surface of the curtain under different spraying conditions (40
minutes and 70 minutes of spraying cycles) inside the curtain and exhaust fan operation rates (30%, 50%, 70%, and 100%).
The ammonia emissions were calculated by multiplying the measured ammonia concentrations by the ventilation rates, and
the reduction rates of ammonia emissions were then determined. The results showed that the ammonia emission reduction
rates decreased step-wise with the increase in the exhaust fan operation rate under all spraying conditions. This trend was
attributed to the decreased contact rate between the ammonia in the ventilated air and the spraying water inside the curtain
due to increased ventilation rates and air exchange rates as the exhaust fan operation rate increased. Furthermore, when
comparing the ammonia emission reduction rates between the spraying conditions, the reduction rate was approximately
3.90% higher under the spraying cycles of 40-minutes (23.66%) compared to the spraying cycles 70 minutes (19.76%). In
conclusion, reduce the spraying cycle by 30 minutes (increasing the frequency of spraying by two-fold) enhanced the contact
rate between ammonia and the spraying water, resulting in a 3.90% higher reduction in ammonia emissions.
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Fig. 2. The sections of equal area divided to measure air
velocity discharged outside the curtain.
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Eq. 1. Air exchange rate (1/s) = ventilation rate (m?/s)/
volume inside the curtain (m?)

Eq. 2. Liquid to gas ratio (L/m®) = spraying liquid (L/min)/
[exhaust fan’s ventilation rate (m>/s) X 60]

Eq. 3. Emissions (mg/s) = ventilation rate (m?/s)
X ammonia concentration (mg/m3)

Eq. 4. Ammonia concentration (mg/ m?)
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X [273.16/(273.16 +20)]

Eq. 5. Reduction rate (%)

(molecular weight/24.45)
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the curtain)/emission from the exhaust fan X 100
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Fig. 3. Air exchange rate of air discharged through curtain
and liquid to gas ratio calculated using the ventilation rate
and spraying amount inside the curtain based on the exhaust
fan operation rate.

(Morral et al., 2021).
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Fig. 4. Ammonia concentrations measured for 5 days ac-
cording to the exhaust fan operation rates (30%, 50%, 70%,
100%) under each spraying conditions. There were spraying
cycles of 40 min, consisting of 10 min of spraying and 30 min
of pausing, while spraying cycles of 70 min consisted of 10
min of spraying and 60 min of pausing. The spraying and
pausing intervals were systematically repeated throughout
the experiment.
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Table 1. Emission rate of ammonia according to the exhaust fan operation rate under different spraying conditions.

Spraying cycles 40 min

Spraying cycles 70 min

Ex-oper
(Ven-rate) Ex-fan Out-curt Red Ex-fan Out-curt Red
30%
3 1.37+£0.09 0.84+0.05 38.69 0.98+0.04 0.63+0.03 35.17
(0.27 m?/s)
>0% 1.86+0.05 1.30+0.01 30.11 1.52+0.06 1.17+0.03 23.03
(045m/s) 86+0. .30+0. . .52+0. 170 .
70%
3 3.46+0.07 2.97+£0.06 14.16 2.51+0.18 2.21+0.10 11.95
(1.03m?/s)
100%
3 4.05+0.19 3.82+0.18 5.68 3.09+0.09 2.66+0.10 13.92
(1.24m?/s)

Abbreviations and units: Emission rate unit, mg/s; Ex-oper, Exhaust fan operation rate; Ven-rate, Ventilation rate; Ex-fan, Exhaust fan; Out-curt, Outside the
curtain; Red, Reduction rate of ammonia emission rate; Red unit, %; Ex-fan and Out-curt are the positions the ammonia was measured.

2t Eobxlon, R Yot HE ATE-S 38.69%,
30.11%, 14.16%, 5.68%= 2H71H 7Fs-& S7tol| ot
SAH O ot £5 At 70RoAE IR
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ofe} I REFL] HFAIZ O] Aol A At F
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S HwsHeh 7P =2 2719 755 (100%) = Al
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Ato]Zo] oW fE oo} PR ER O] HE R E
=5 Yot A7 anprt FFETh AET fARE
A = A A Y] FA] AP A DA (A3
H)= AR B AEA 08 EES Aaste] ¢
Zyot & A7E0] 70% ©]/Fo]th(Mosquera et al.,
2014; Philippe et al., 2012; Osada et al., 1998). =4

(o

Table 2. Compositions of the tap water and wastewater col-
lected inside the curtain.

pH EC Salt  TKN TAN  NO;
Tap water 744 11380 001 000 000 197
Waste water  7.39 64633 003 001 3207 0.0

Abbreviations and units of concentrations: EC, Electrical conductivity, uS/
cm; Salt, %; TKN, Total Kjeldahl nitrogen, %; TAN, Total ammoniacal
nitrogen, mg/L; NO3, Nitrate, mg/L
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Fig. 5. Emission reduction rate of ammonia according to the
spraying conditions.
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