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Abstract

Atmospheric NH, mainly originates from agricultural sources, caause serious
environmental problems related to eutrophicatioth swil acidification. Emissions from dairy
houses are 15% of total agricultural Ni#missions. Due to open buildings, existing
abatement options are limited. Pit air separati@s wdentified as a potentially efficacious
option. In this study a model simulation of a comered dairy cow building with slatted floor
is presented. The model was solved for 12 cas#sridg wind speed, direction and both air
and manure temperature. For each case three s@wiere obtained, which correspond a) to
a building where a forced pit ventilation systenajplied at capacity of 250 and 500 i*
cow™ and b) to a building without forced pit ventilatisystem. The results show that due to
forced pit ventilation system, at 250 and 508 it cow, the ventilation rate was increased
3.1% and 6.2% respectively. The contribution of fiie ventilation system to the total
ammonia released from the pit during winter, ranfyech 31-35%, 16-19% and 11-8%, for
wind speed of 1.0, 4.0 and 8.0 i eespectively. Correspondingly, during summer, the
contribution of the system ranged from 44-48%, 2062and 12-9%. Although obvious
benefits arise from a forced pit ventilation systéhe main mass flow of ammonia from the
pit still emitted through the building ventilati@penings, especially at high wind speeds.
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Introduction

Nowadays environmental problem such as eutropbitatind the effects of greenhouses
gases have increased the demand for knowledge igGiems of aerial pollutants from the
livestock production sector. Animal producers a@rig increasing pressure from the society
to comply with environmental legislation, i.e. tooduce in an environmentally friendly and
sustainable way (Pedersen, 2004). Atmospherig, Nikhinly originates from agricultural
sources. It can cause serious environmental prablestated to soil acidification and
eutrophication. Approximately 75% of the hlemissions in Europe originate from livestock
production (Ye, 2008) and a significant part oftheefer to emissions from dairy houses and
slurry storages (approximately 15% in Netherlandshmonia emissions become more and
more a critical design parameter especially fogdascale dairy farms (Van Dooren and
Galama, 2007).

In livestock buildings, estimates of emission ratgerally require the measurement of
ventilation rates and pollutant concentrations.t@pand temporal distributions of ammonia
concentrations and emissions depends on the \entilate itself, the airflow patterns inside
the building, floor construction, waste storagetays animal activity level and type of feed.
The airflow pattern is an important factor inside tbuilding; it is influenced by building
geometry and construction, size and distributionveftilation inlets and outlets, heat
production, and particularly for the naturally vated buildings the local wind environment.



At given ventilation rate the pollutant point oearsource location such as feeders and floor,
also affect the aerial distribution of the ammageses (Demmers, 2000).

In recent years, several research projects have bagied out to quantify the levels of
ammonia emissions under different conditions. Nintess, the relation between climatic
conditions and the behaviour of ammonia gasesimarbuildings and ambient environment
still remains an important issue. According to expents carried out in a wind tunnel, in
order to investigate the ammonia emission from fiaéurally ventilated dairy buildings, the
overall measured emission rates were in range €616 day* cow’, (Wang et al., 2005).
Rumburg et al. (2008) used differential optical@psion spectroscopy (DOAS) method to
estimate the ammonia concentration of a dairy cae stall with concrete floors. In this
study the Sk as tracer gas and a line source technique wek tosestimate the ammonia
flux from the stall. It was ranged from 29 + 19 gif\cow* h' at an average temperature of
18°C. The annual emission was calculated to 40okg'o/ear”.

As the most of the dairy houses are open naturadligtilated constructions, suitable
abatement options are limited. Solid floors thatidish emissions from underfloor slurry pits
conflict easily with animal welfare. To this diret, technical measures to reduce ammonia
emission have been studied. Swierstra et al. (199%Jied the differences in ammonia
emission of two compartments of cubicle house fattle with slatted and solid floors.
Emission from the compartment with a solid floorswabout 50% of the emission of the
compartment with a slatted floor. As the influerndehe floor appears to be important, more
research was carried out to this direction. Bradal.€1997), investigate the influence of two
methods to reduce the ammonia emission in a mexdifniventilated cow house. The first
one consists of the construction of two extra ugnéers in the sloping floor parts, and the
second one of spraying water at a rate of 6 tdw” with frequency of 12 times per day.
Applying the first method, the ammonia emission weuced by 50% on average and further
reduction was measured when water was sprayed.

Ogink and Kroodsma (1996), Braam et al. (1997) &mahteny (2000) indicated that
emissions from the slurry pit below a slatted flooa cubicle house may contribute a varying
proportion of the total ammonia emission of theldiog depending strongly on temperature
differences between pit air and fresh incomingaaid the resulting air flow through the pit.
On average approximately 50-60% of the ammonia®aris from a Dutch dairy cow house
building originates from the slurry pit.

Pit air separation and treatment was identifiech gotentially efficacious reduction option
too. By modelling the effects of air flow patterasd air velocities on ammonia emission at
high spatial and temporal resolution, design patareeof a pit air removal and treatment
system can be studied.

In the present study a simulation model of a conerakrnaturally ventilated dairy cow
building with slatted floor is presented. The mabjectives were: i) to calculate the ammonia
emissions from the pit under different climatic ddions and ii) to investigate the potential
influence of a forced pit ventilation system, whislplanned to be installed in the pits below
the slatted floor. Because the focus was on thé&ibaotion of the pit as a source of ammonia
emission, ammonia emissions from the floor weremadelled.

Materials and methods

Computational Fluid Dynamics (CFD), a numericalhtaque, has already been used to
investigate the internal air flow in agriculturaructures such as livestock buildings and
greenhouses (Harral et al., 1997; Mistriotis et H897). CFD model was used to investigate
the performance of a forced ventilation system pighet house with perforated ceiling which

is very popular in Korea (Lee et al.,, 2002). Sunakt(2002) used 2D CFD analysis to

describe the air flow patterns and ammonia distidouof a High-Ris&" hog building. The



computational results were similar to experimenttha especially when the turbulence flow
characteristics were taken into account. A 3D CHaeh was used to simulate the airflow
and ammonia distribution in a High-RI& hog building (Huawei, 2004). The good
agreement between simulation results and experahdata concerning 8 positions and two
elevations indicated that the CFD model is an @éffectool to evaluate air quality and
ventilation of livestock buildings. The use of CHDr predicting the air flow makes it
possible to include the effect of structure geognairthe design of ventilation system. In
addition, turbulence modelling has a significarieetf on the predicted concentration field of
pollutants inside livestock buildings, (Quinn, 2001

In this study the geometry of the dairy cattle $iteek building and its surrounding
environment was designed by the geometrical procgsambit 1.1. The final 3D full scale
model, which consists of 456411 cells, extendethf®3200 m both to x and z directions and
from 0-40 m to y direction. The dairy cattle buildiwas designed taken into account all the
characteristics influencing the flow in the builginThese concerned the side-wall and ridge
ventilation openings (115.5and 15.4 rarespectively), the slatted floor (46Z)nthe doors
(40 nf), the pits and the potential location of the forgst ventilation system, Fig. 1. The
ventilation openings area per cow was 1% m

Fig.1. Geometrical design of the dairy cow buildimigh the forced pit ventilation system and
dimensions (m) of the main structural components

Various techniques have been used to measure addtipventilation rate such as tracer gas
techniques, energy balance and measurements dupeedifferences between inside and



outside (Baptista et al., 1999, Demmers et al.,020@onteny and Erisman, 1998, Van
Duinkerken et al., 2005, Smits and Huis in ‘t Ve@07). Decay tracer gas method was used
to determine the ventilation rate of four naturallgntilated dairy houses in northwest
Germany (Snell et al., 2003). The ventilation rates ranged from 4.3 to 14.5 air changes per
hour when only the ridge ventilator was openedhBre and Krause (2002) indicated that not
only the wind velocities but also the locationgls measuring points have a big influence on
the decay behaviour of a tracer gas. Assessmerttgoofmethods to measure the ventilation
and gaseous pollutant emission rates of naturadiytiated buildings indicated that the
constant release tracer gas method performed kb#er the method based on measured
pressure coefficients (Demmers et al., 2001). imgtudy the ventilation rate of the dairy cow
building was calculated by simulating the method@fstant injection of a tracer gas. In the
simulation model the tracer gas is a virtual gdkedaair-tracer which has the same physical
properties as normal air. The ventilation rate frstis given by equation 1.

Wm, racer
B keder = Ct (2)

tracer

Where ¢, ... i the constant mass flux of the tracer gas (awet) in kg s-1 and,, is the

concentration of the tracer gas in the buildinggrm®.

The simulation model was solved for 12 cases comogithe wind speed, the wind direction
and both air and manure temperature (Table 1).hEa¢ production of cows were specified
only as sensible heat to 700 W ¢bwhen the external air temperature was 20°C an@ Y20
cow’ when the external air temperature was 0°C. Foryeease three simulations were
performed in order to calculate the ventilatioreranhd the mass flux of ammonia through
each of the ventilation openings. Firstly a coneeie solution without forced pit ventilation
system was obtained. Secondly, a forced ventilasgstem was applied with velocity
magnitude at the suction points of 0.741 M(sorresponds to sucked air flow of 256 ht
cow?). Finally, a forced pit ventilation system was kgnb with velocity magnitude of 1.481
m s* (corresponds to sucked air flow of 508 it cow?). The three solutions for every case
are referred as A, B_250 and B_500 respectively.

Table 1. Boundary conditions for the simulation misd

. . wind wind air manure . .
simulation o sensible heat sucked air per
case spe_ed direction temperature temperature per cow (W) cow (nf b))

(ms?Y) (° north) (°C) (°C)
01 1.0 0 0.0 10.0 1200 250 /500
02 1.0 0 20.0 15.0 700 250 /500
03 1.0 45 0.0 10.0 1200 250 /500
04 1.0 45 20.0 15.0 700 250 /500
05 4.0 0 0.0 10.0 1200 250 /500
06 4.0 0 20.0 15.0 700 250 /500
07 4.0 45 0.0 10.0 1200 250 /500
08 4.0 45 20.0 15.0 700 250 /500
09 8.0 0 0.0 10.0 1200 250 /500
10 8.0 0 20.0 15.0 700 250 /500
11 8.0 45 0.0 10.0 1200 250 /500
12 8.0 45 20.0 15.0 700 250 /500

Simplified simulations of ammonia volatilizationofn the top layer of the slurry in the pit
were performed. In each run, a fixed mass fradiehy/air of 10° in the air layer just above
the slurry was assumed. The concentration of MHeality is depended on several variables,



e.g. the temperature of the top layer of the s|uting ammonia concentration difference
between slurry liquid in the top layer and the baany layer of air just above it, pH, etc
(Monteny et al., 2000). The mass transfer is diyaeiated to the heat transfer. The total heat
and mass transfer depends on the air velocity atstirface and the temperature and
concentration difference at the surface and theipgsflow. In this model approach, the
calculated distribution of ammonia in the buildirsgproportional to the initially assumed
ammonia concentration at the surface of the pitsam.

The model calculates the air flow pattern withie thuilding especially the air exchange
between the slurry pit and the above floor compantimand the air exchange through the
ventilation openings in the side walls and in thefrridge. The results with and without the
forced pit ventilation can be compared at differeimd speeds (1 versus 4 versus 8 m/s),
different wind directions (0, 45 and 9Gand at a typical winter temperature°@®) versus a
typical summer temperature (20).

Results

The calculated ventilation rate of the buildingdeminated by the wind characteristics and
buoyancy effect (temperature differences). HighentNation rates for a given wind speed
were calculated when the direction of the air fiswperpendicular to the ridge of the building
and during winter months. The influence of the wilieéction decreases while the wind speed
increases from 1 to 4 ni'sAt high wind speeds (8 m'sthe air flow around and inside the
building is hardly influenced by the wind directiamd temperature differences, due to the
high turbulence and recirculation flow. Temperatuliéerences dominate the air flow
obviously at low wind speeds and mainly during winmnonths. As the wind speed increases
the temperature differences become less impoi@oricerning the wind speed there is a limit
that above which, the wind direction and buoyanffgct has almost not influence to the
ventilation rate. This limit is a function of geotneal design of the building and its
surrounding region. In this study, since the sirmafamodel was solved for only three wind
speeds (1, 4, and 8 rif)shis limit can not be determined.

Applying a forced pit ventilation system below thlatted floor results in an increase of the
ventilation rate of the building which ranged frén2 to 5.9% with flow capacity of 250%h

! cow? (cases 01 and 06 respectively) and 0.3 to 13.20bfl@w capacity of 500 rhh™* cow

! (cases 02 and 08 respectively). The suction sydielow the slatted floor in general
increases the total mass flow of ammonia removeh ihe building. However, the influence
of the suction system varies with different clinsatonditions.

At wind speed of 1 m5(cases 1-4), the potential increase of the toegaflow of ammonia
due to forced pit ventilation system is higher dgrisummer months (low temperature
differences, outside air temperature equals to 28i€ manure temperature equals to 15°C)
for both wind directions (0° and 45° respectivelp conclusions could be obtained for the
relation between the total mass flow of ammonialtegy by the forced pit ventilation system
and wind direction. At high temperature differen¢einter months, outside air temperature
equals to 0°C and manure temperature equals t0)10%€ mass flow of ammonia is higher
when the wind direction is perpendicular to thegeidalthough during summer months is
higher when the wind direction is 45° to the rid@ke total increase mass flow of ammonia is
ranged from 0.1% (case 3B_250) to 96.9% (case 4. Bbubling the flow capacity of the
forced pit ventilation system (from 250 to 500 ' cow?) result a higher (more than
double) increase of the mass flow of ammonia from huilding (from 4.1 to 20.4%, from
11.3to 60.7%, from 0.1 to 11.9% and from 29.96®0% for the cases 1-4 respectively).

At wind speed of 4 m5(cases 5-8), the potential increase of the toegaflow of ammonia
due to forced pit ventilation system is lower thtae one predicted when the wind speed
equals to 1 m'S The total mass flow of ammonia is higher duringyser months for both



wind directions (0° and 45°) but in this case tifeetences with the values corresponding to
winter months are smaller. This was also foundxipeeiments. The total increase mass flow
of ammonia is ranged from -1.9% (case 5B_250) tG%6(case 8B_500). Doubling the flow
capacity of the forced pit ventilation system (fr@B0 to 500 mh™ cow?) result a higher
(almost double) increase of the mass flow of amm@dmim the building (from -1.9 to -0.1%,
from 5.0 to 11.1%, from 5.1 to 10.7% and from &216.7% for the cases 5-8 respectively,
Fig. 2).
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Fig. 2. Concentration of ammonia vapor (kg*)nin the dairy cow building: a) case 08_A

(without forced pit ventilation), b) case 08 _B_2&@rced pit ventilation of 250 frh* cow),
c) case 08_B_500 (forced pit ventilation of 500hm cow™)




It is remarkable that under specific conditionsnfei months, wind speed 4 rit,swind
direction perpendicular to the ridge) applying Emtqit ventilation below the slatted floor of
the building result almost zero increase of thaltotass flow of ammonia from the building,
which means that the reduction of the mass flonamimonia occurred in the ventilators
equals to the mass flow of ammonia from the foqmiédentilation system.

At wind speed of 8 ms (cases 9-12), the potential increase of the totass flow of
ammonia due to suction system is lower than thevipue cases and the differences
concerning the climatic conditions are not so inignat: The total increase mass flow of
ammonia is ranged from 4.1% (case 12B_250) to §e¢i&%e 10B_500). Doubling the flow
capacity of the forced pit ventilation system (fr@80 to 500 mh™* cow?) result a very small
increase of the mass flow of ammonia from the stéfsbm 4.2 to 5.8%, from 4.5 to 6.4%,
from 4.6 to 5.4% and from 4.1 to 6.3% for the ca&d respectively). It is obvious that at
high wind speeds the increase of the capacity®stlttion system has almost no influence to
the total mass flow of ammonia. The contributionboth forced pit ventilation system and
building ventilators to the total ammonia emissiiam the cow house is depicted in Fig 3.

Conclusions

Application of a forced pit ventilation system b&lthe slatted floor strongly influences the
mass flow of ammonia from the building openings ahhmeans that part of the ammonia
emitted from the building due to natural ventilatis removed by the system. For all the
simulation cases the average reduction of the rflagsdue to the forced pit ventilation
system is -24.4%, -41.1% and -33.9% for the sidmnops, the ridge ventilator and the doors
respectively. For a wind speed equal to 1 tke decrease is higher than at higher wind
speeds. No conclusions could be obtained abouintheence of the wind direction and the
temperature differences. In general, for wind dicgc perpendicular to the ridge, the
reduction of mass flow of ammonia is higher at slenmonths although for wind direction
45° to the ridge, the reduction is higher at wintemths. This conclusion is valid concerning
the side openings and wind speeds 1 and 4 mA\swind speed of 8 msthe reduction of
mass flow of ammonia is higher during summer mofdh$oth wind directions. Concerning
the ridge ventilator the higher reduction appeangmthe wind direction is perpendicular to
the ridge for all wind speeds. At wind speed of Isthe highest reduction can be found
during summer months. Although at wind speeds aind 8 m & the reduction is not
influenced by the temperature differences. The seonelusion is valid also for mass flow of
ammonia from the doors. For all the cases doulihiegcapacity of the forced pit ventilation
system results a decrease of the mass flow of anmanimm the openings according to the
factors 2.15, 1.77 and 1.89 for the side ventilgtodge ventilator and doors respectively.
The efficiency of the forced pit ventilation systésnbetter at low wind speeds even with the
flow capacity of 250 i h* cow’. The above conclusions should be reconsidered when
experimental data concerning the application ofoecdd pit ventilation system will be
available.
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