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Method for determining the ventilation air quantity
in buildings for cattle on a base of CO, concentration
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Summary. Quantity of the ventilation air stream in
buildings for cattle can be determined by means of constant
concentration of an indicator gas, which requires sophisticated
devices for data acquisition. Carbon dioxide emitted by animals
may play a function of the indicator gas. The paper presents
the method for calculating the ventilation air stream amount in
livestock buildings equipped with natural ventilation system.
The stream amount can be determined on the basis of mea-
sured concentration of the carbon dioxide and air temperature
in animal compartment applying the worked out equations. The
calculations take into account the livestock density and cow’s
dairy efficiency.
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List of symbols:

C — concentration of gas in the air, mg/m?

C,, — concentration of carbon dioxide in the air, mg/m’

hpu — heat production unit equal to 1000 W of the total
heat at temperature 20°C,

m — weight of animals, kg

M — molecular weight, g/mol

n —number of cows in herd, animals

p — pregnancy duration, days

t — temperature of internal air, °C

¥V — amount of ventilation air, m%/s

V. — molar volume, dm*/mol

Y, — daily dairy production, kg

@_ -~ total heat emitted by animals, W &_(t ) — total
heat emitted by animals at the ambient temperature
equaltot , W

INTRODUCTION

There are different solutions of ventilation systems
in livestock buildings depending on required quantity

of ventilation air stream, which depends in turn on type
of livestock in the building. The main task of the ven-
tilation system consists in removing the harmful gases
excess and maintaining the optimum air temperatures in
animal compartments [2,7,9,12]. Mechanical ventilation
is applied in buildings for poultry due to great needs
for air exchange and necessity to avoid excessive dust-
ing, which in consequence could lead to explosive gas
mixture formation [8].

Cattle buildings can be equipped with various con-
structional and functional solutions as well as various
devices depending on the herd size and animal husbandry
technology [6,15,16,17]. Ensuring the appropriate venti-
lation in animal compartment is a fundamental condi-
tion for maintaining the animal’s welfare and high dairy
production [3,4,5,13]. Buildings for cattle are most often
equipped with natural ventilation system, while chimney
ventilation is applied in buildings with relatively small
livestock density and utility garret, and natural ventila-
tion with ridge gap is useful in hall-type buildings with
no garret. The quantity of ventilation stream depends on
a spectrum of factors such as geometric dimensions of the
system elements, the air pressure difference between the
inlet and outlet, velocity, and direction of winds, as well
as air flow resistance (drag) [18]. There is a possibility
to some regulation of the stream intensity by means of
partial closing the supply or exhaust ventilation holes,
which results from different needs for air exchange in
summer and in winter.

THE AIM OF STUDY

It is possible to determine the true amount of ventila-
tion stream in a livestock building by means of measuring
the air flow velocity in a supply or exhaust channel (gap).
Mounting the anemometer, particularly in the ridge gap
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that is placed several meters up, is sometimes difficult,
and adjusting the measurement unit perpendicularly to
the air flow direction is often completely impossible.

There are also a variety of factors that make such
measurement disturbed and result precision biased:
strength and direction of winds, uncontrolled air ex-
change due to doors and windows opening.

The study aimed at presenting the method for deter-
mining the quantity of ventilation air stream in buildings
for cattle on the basis of carbon dioxide concentration in
animal compartment.

CARBON DIOXIDE CONCENTRATION
IN ANIMAL COMPARTMENT

Studies upon microclimate parameters in stanchion
barns for cattle indicate that carbon dioxide concentra-
tion usually does not exceed the permissible level [14].
This was confirmed by research performed in loose barn
localized in Ossowa. Measurements of carbon dioxide
concentration and air temperature within animal com-
partment as well as outer air temperature, were made
in winter 2008. The measurement device was set up to
measure and register the results at 15-minute intervals.
Carbon dioxide concentration oscillated within quite wide
range from 400 up to 1500 ppm (Figure 1), whilst it did
not exceed the maximum value (3000 ppm). Such large
differences in CO, concentrations were not the result of
the variations in animal’s emission, because livestock
density was constant. It rather resulted from the changes
in the intensity of natural ventilation system operation.
The quantity of ventilation air stream varies with time
and along with the change of pressure difference be-
tween the supply and exhaust. The air pressure difference
depends on the height difference (that is constant) and
difference between internal and external air temperatures
(that varies with time). Dependence of CO, concentration
in the air in animal compartment is presented on plots
(Figure 2).
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Fig. 1. Carbon dioxide concentration in loose barn.

Date
11-Oct-08 12-Oct-08 13-Oct-08 14-Oct-08 15-Oct-08 16-Oct-08
10.00 — 1600

ifferenc
- N I re s
rbon di ion 7
8.00 A — 1400

1200

. — 1000
\/ ! p
N
\ | 1]
HINA 1 7
Wk |
2.00 ' — 800

0.00 — 600

o
5
8
_e
_\_‘g
R
”
o
Lo
=
/g,/c
&
2z
Lo
[

Temperature [OC]
IS
8
<
I —
ﬂ\
q
)
<
[
>
L
Carbon dioxide concentration [ppm]

8§ 8888888 88888888 88 8 8 8

Fig. 2. Carbon dioxide concentration and difference between
internal and external air temperatures.

METHOD FOR DETERMINING
THE VENTILATION AIR STREAM QUANTITY

There are methods for determining the exchanged
air stream in a building due to ventilation and infiltration
[1]. These are three methods applying the marker gas:
— Marker gas decline method,

— Constant injection method,
— Constant concentration method.

Four types of the marker gas are suitable for measure-
ments of the multiplicity of air exchange: helium, sulfur
hexafluoride, nitrogen oxide, and carbon dioxide. How-
ever, carbon dioxide cannot be used if the user is present
within the measurement zone, because he emits CO, as
well [PN-EN ISO [22]]. If it is assumed that the livestock
density in analyzed period is constant and carbon dioxide
emission does not change with time, the carbon dioxide
emitted by animals can be considered as the marker gas.
In fact, the CO, emission depends on animal’s activity and
ranges within a day [19]. The quantity of carbon dioxide
emitted by animals is strictly associated with the amount of
heat released. Amount of the total heat produced by dairy
cows at the ambient temperature (20 °C) [20,21] equals to:

@ =56m"" +22Y +1,6-10° p° W, )

Assuming that dairy cattle herd in an animal com-
partment consists of » animals, mean b&w cow’s body
weight is 600 kg, and average degree of cow’s pregnancy
advance is 100 days [Gluski 2009], equation #1 can be
written in the following form:

O =n-(694,9+22Y) W, @)

The outer temperature other than 20 °C is taken into
account in reference to hpu unit:

@, =1000+4-(20—1,) W, 3)
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Therefore, the amount of the total heat in the animal
compartment 7 produced by cattle herd consisting of n
COWS is:

)

420
(ch(l‘w):n-(694,9+22Yl)|:1+¥j| -

000

And in more simple form:
D_(t,)=n-(694,9+22Y,)(1,08 -0,004¢,) W, )

The quantity of produced CO, amounts to 0.185 m*h™!
in reference to a single #pu unit. The dairy cattle herd con-
sisting of # animals at the ambient temperature of t would
emit the following quantity of carbon dioxide per hour:

CO,(t,)=n-0,185-107(694,9 +22Y)
(1,08—-0,004z,) m°h. ©)

Carbon dioxide is one of the air components and
its proportion in clean air is 360 ppm (706.8 mg/m?).
Permissible CO, level in an animal compartment, where
dairy cattle is kept, amounts to 3000 ppm (5890 mg/m°).
The CO, concentration in air, as similar as other harmful
gases, is measured and expressed in ppm units (parts
per million). In order to recalculate the gas concentra-
tion from ppm onto mg/m?, following dependence can
be applied [11]:

C= M-x-ppm mg/m>. ™

v,
Molecular weight of carbon dioxide is 44.01 g/mol,
and molar volume is constant for all gases and equals

to 22,415 dm?*/mol:

44,01
€22 415

Carbon dioxide emitted by animals is removed out of
the animal compartment by ventilation system. Volume
of 1 m?® of internal air, in which measured carbon dioxide
concentration is x ppm, contains x 10°° m*> CO,, whereas
1 m® of the outer air contains CO, quantity corresponding
to 360 ppm, i.e. 0.00036 m®. Exchanging 1 m? of air per
hour by means of ventilation, the difference of carbon
dioxide between inner and outer air is removed. Because
the whole herd emits during an hour the carbon dioxide
described by equation #6, the stream of ventilation air V'
m’h! at the moment of CO, concentration measurement
in internal air, amounts to:

-x-ppm =1,963-x- ppm mg/m>. 8)

__cow)  _
(x—360)-10"°
~ n-0,185-107°(694,9 +22Y)(1,08 - 0,004, )
(x—360)-10°°
After simplifications, equation #9 is of the follow-
ing form:
p_n 185-(694,9 +22Y,)(1,08—-0,004¢,)
(x—360)

m*h, (9)

m’h?,  (10)

CONCLUSIONS

The method worked out during this research makes it
possible to determine the quantity of ventilation air stream
in buildings for dairy cattle equipped with gravitational
ventilation system. The method does not require any
sophisticated devices for data acquisition. The procedure
for determining the amount of ventilation air stream
consists of the following steps:

1. Making the measurements of carbon dioxide concen-
tration and air temperature within animal compart-
ment,

2. Determining the livestock density,

. Determining the average dairy efficiency in a herd,

4. Calculating the ventilation air stream.

W
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METODA OKRESLANIA ILOSCI POWIETRZA
WENTYLACYINEGO W BUDYNKACH DLA BYDEA
NA PODSTAWIE STEZENIA CO2

Streszczenie. Wielko$¢ strumienia powietrza wentyla-
cyjnego w budynkach dla bydta moze by¢ okreslana za pomoca
statej koncentracji gazu - wskaznika, co wymaga skomplikowa-
nych urzadzen do pobierania danych. Dwutlenek wegla emito-
wany przez zwierzg¢ta moze odgrywac funkcje gazu wskaznika.
W pracy przedstawiono metode obliczania wielkosci strumie-
nia powietrza wentylacyjnego w budynkach inwentarskich
wyposazonych w system wentylacji naturalnej. Wielkos$¢ stru-
mienia moze by¢ okreslona na podstawie zmierzonego st¢zenia
dwutlenku wegla i1 temperatury powietrza w pomieszczeniu dla
zwierzat, przy zastosowaniu opracowanych réwnan. Oblicze-
nia uwzgledniaja gestos¢ obsady i dzienng wydajnos$¢ mleczng
krow.

Stowa kluczowe: budynek inwentarski, naturalna
wentylacja, strumien powietrza, sposob obliczania.



