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Animal welfare, environmental 
protection and energy saving going 
together by intelligent ventilation 
Filter plants against emission of dust and harmful gases of husbandries are expensive in initial 
costs and use. In the following a cost saving concept is presented that started in great exist-
ing animal plants and has been realized in several new buildings. The narrow kind of stable 
construction requires a space-saving solution. A part of the stable air is sucked beneath the 
slatted fl oor and transported to fi lter that is lower dimensioned than such one for the whole 
volume stream. Apart from this the fl ow behavior is altered above the slatted fl oor by a special 
guidance of the air so that much less ammonia is taken away. Measurements in practice show: 
The fi ltering of the continuously sucked volume stream, which amounts to 25 % of the whole 
volume stream, allows a whole effi ciency degree of 70 %. As well the concentrations of harmful 
gases go down considerably.  
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■ The conservation principles for maintaining mass and en-
ergy are addressed in DIN 18910-1 [1]. However, they are com-
monly recognized as a construction norm rather than guide-
line, adequate for animal welfare. Among other things, a third 
conservation principle is needed, namely the law for the con-
servation of momentum. If the fi rst two principles named for 
the stable serve as the so-called stirrer-tank, the third princi-
ple is the fi rst to be appropriate to the local conditions in the 
stable. The concentrations of ammonia, odors, carbon dioxide, 

dust and water vapors occurring in the stable result constantly 
from the difference of inwardly and outwardly fl owing materi-
als M

•
 [2], which cause the temporal changes in the mass in 

the stable:

                              
abzu MMM

dt
d

                       
(Eq. 1)

The mass M generally results from the product of the concen-
tration C and the volume V:

M = CV                                (Eq. 2)

The discharging mass is determined from the inward volume 
fl ow V  which is loaded with the concentration C

VCM ab
                            

(Eq. 3)

And the inwardly fl owing mass fl ow in the fl oor area of the stable 
from the source concentration Cq and the production fl ow 

•

k

kCM qzu                             (Eq. 4) 

The result is the differential equation

CNKCC
dt
d

q                        (Eq. 5) 

in

in

out

out



16

1.2010 | LANDTECHNIK

BUILDING AND PLANNING

With the air fl ow rate N and the production rate K

V
kK

V
VN ,                          (Eq. 6)

 
The linear inhomogenous differential equation leads in a sta-
tionery case (t  ∞) to the solution

N
K

C
C

q

                              (Eq. 7) 
 

Due to the approach-related homogenous distribution of the 
concentration C in the stable, the concentration at which the 
discharge air volume fl ow leaves the stable is also given. Speci-
fi cation of the source concentration Cq and the production 
rate K are open.  

These result from interaction data from open stables and 
stables with forced air ventilation obtained in the research 
project [3] used to develop a simple emission model. Using 
the dimension analysis [4], the following interactions became 
evident in the results, differing from those in the conservation 
principle

N
KB

q

e
C
C

   mit     AT
q e

V
MC                 (Eq. 8) 

as seen in the defi nition of Cq. MT stands for the animal mass in 
AU (1 AU = 500 kg live animal mass). The coeffi cients A and B 
depend on the type of animal and the released substances, see 
table 1. Equation (8) shows that the reduction of the exponents 
in the sense of (B K/N)  0 presents a proven way to reduce the 
stable concentrations. Factor B takes over an increasing portion 
of the free ventilation, as in the trend in table 1. Factor B can, 
in an ideal situation, take the value 0, meaning that one thus 
obtains C/Cq = 1 (fi gure 1). In the most extreme case C = Cq. 

A so-called source concentration will always be present. This 
statement does not deliver the continuity equation with the 
hypothetical approach according to equation (4). According to 
equation (8), C could equal 0, which proves not to be realistic. 
How to really set the physical proportions between B and K/N 
requires more intensive studies. It has been established that a 
non-effectiveness of the exponents should be targeted in that 
the penetration of material releases, i.  e., of ammonia and odor-
ous substances in the stable rooms is to be minimized by suc-
tion. And also with intelligent fl ow of stable air over the slatted 
fl oor to prevent a pressure gradient, since the discharge of the 
released substances above the slatted fl oors is promoted.

Odor reduction under given circumstances

In this study, the possibilities for reducing the odor levels from 
a large animal husbandry facility into its surroundings shall be 
investigated (fi gure 2). The authors used a partial under-fl oor 
suction system since a fi ltering system for the total stable was 
not possible for space and cost reasons. Actually, in a one month 
on-site study (fi gure 3),  a reduction in the odors on the work-

Fig. 1

The concentration ratio C/Cq is plotted versus the production-venti-
lation ratio K/N. In the piggery, C/Cq levels are lower than with the 
continuity equation up to K/N = 10 for ammonia and K/N for odour

Example of a large animal husbandry facility. The plant is comprised 
of  numerous single stables which are joined under a common roof 
into long rows and are marked on the roof by many chimneys. Odour-
ous substances carried atmospherically to the outskirts of a large 
city and caused massive complaints

Fig. 2

with

The constants A and B of the emission model are listed for animal 
houses of turkey, cattle and pig plants

Konstante A
Constant A

Konstante B
Constant B

Putenstall/Turkey house

Ammonia/Ammonia 13.6533 0.1133

Geruch/Odour 11.7474 0.0164

Rinderstall/cattle house

Ammonia/Ammonia 14.3096 0.1344

Geruch/Odour 12.2386 0.0323

Schweinestall/Pig house

Ammonia/Ammonia 14.0766 0.2261

Geruch/Odour 10.4369 0.1466

Table 1
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ing farm were observed, so that deeper and systematic analyses 
were introduced with physical and numerical models.

Physical and numerical models to document farm processes 
can effectively help to discern trends and establish whether a 
model project is worth carrying through. The measurements 
in the model confi rm that the above-fl oor concentrations are 
less in simultaneous- below-fl oor suction than without sub-fl oor 
suction, and that even in the case of minimal air diversion. This 
interaction was to be optimized. Here, numerical models grasp 
the detail of documentable fl ow courses in the slatted fl oor area 
(fi gure 4) [5].

Known similar approaches

Many ventilation concepts with under-fl oor suction exist and 
many approaches were preceded by experiments in animal hus-
bandry in the former GDR. The suction pipes or pressure pipes 
are implemented under the fl ooring, as in, for example, beef 
cattle husbandry [6]. In the following, example is shown for pig 
husbandry. Figure 5 shows a vertical section of the planned 
fl ows in the stable area. At the horizontal level, radiation effects 
are noticeable, especially from source points (meaning radial 
fans), since the transfer from the initial radial distribution of 
the rectangular stable area can only take place if circulatory 
fl ows are developed. Seen spatially, we are far from homoge-
nous fl ow patterns, as one would desire in the positioning of 
temperature sensors for climate control until now. The concepts 
maintained by the authors (fi gure 6)  are based on the idea of 
“ordered” fl ow behavior in the entire length area of the stable.

Concrete results in stable realization

A stable holding 1 400 fattening pigs (meaning MT = 182 AU) 
was used for measurements. The stable ventilation was marked 
by constant under-fl oor suction. The suction was carried out 
at the same rate as the winter air rate. The winter air rate was 
25 % (αUF = 0.25) of the under-fl oor suction of the total fl ow vol-
ume, meaning the same level as the maximum volume fl ow at 
the summer air rate. The above-fl oor suction is 75 % (α= 0.75) 
of the total fl ow volume. In the colder seasons, only the under-
fl oor suction operates. The goal of the study was to document 
the mass fl ows in under-fl oor and above-fl oor suction separately 
and to compare it to conventional stall suction (only above-fl oor 
suction). In the new section 106, the concentrations of ammo-
nia in the exhaust compartment of the above-fl oor suction and 
in the exhaust shaft of the under-fl oor suction were measured 
(fi gure 7) In the reference section 104, in which the under-
fl oor suction was shut off and closed, the measurement of the 
ammonia concentration in the exhaust shaft of the above fl oor 
suction was measured. 

An Innova Multi Gas Monitor 1302 served as measuring 
equipment which was switched to each measurement site with 
a measurement setting switch.

For the total effectiveness level ηSystem for the system in re-
gard to the discharge of ammonia in comparison the equation

Ammonia cloud of 0.1 ppm in one compartment. Fresh air fl ows into 
the room through a channel on the ceiling (above right) and fl ows out 
(above left) with substance releases during under-fl oor suction (bot-
tom left) at the same time. The concentration at the manure surface 
amounts to 20 ppm (Program STAR-CCM+ from CD-Adapco)

Fig. 4

Study design with simultaneous above- and under-fl oor suction. 
Air is withdrawn both beneath and above the fl oor (at a set distance 
from the ceiling)

Fig. 3

P. Rieth: Registered Design DE 296 14928 U1. Announced in Patent 
Paper: 19.02.2006

Fig. 5
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so that by using equations 10 and 11 in equation 9, it follows 
that:

mit
ilBezugsabte

Neuabteil

V

V max,

ilBezugsabte

uFNeuabteiluFuFoFNeuabteiloF
Anlage C

CC ,,1

Eq. 12

To evaluate the annual activity, one must observe the effective-
ness periods τ. The under-fl oor suctions runs all year, meaning 
τUF = 1. The above-fl oor suction is then switched on additionally 
if the required volume fl ow is above the winter air rate, mean-
ing τOF = 8/12 with a working period of 8 months. The various 
fl ow volumes found in the experiments are considered, while 
the volume fl ow in the reference section was somewhat smaller 
than in the new section β = 1.1. The effectiveness level of the 
fi lter is also modestly different at ηFILTER =  0.8. These conditions 
reduce the effectiveness of the system. If one assumes in or-

ilBezugsabte

Neuabteil
Anlage

M

M1

                  

(Eq. 9)

 

The mass fl ows thus emitted above-fl oor are 

oFNeuabteiloFNeuabteiloFNeuabteil VCM ,,,  

mit max,, NeuabteiloFNeuabteil VaV  und UF10

Eq. 10

and under-fl oor measured only with the used fi lter as

mit max,, NeuabteiluFuFNeuabteil VaV

uFNeuabteiluFNeuabteiluFNeuabteil VCM ,,,

= 1- Filter

Eq. 11

The stable air is drawn into channels on the side walls. Fresh air fl ows in via an inlet channel at the center of the ceiling. Underneath the slatted 
fl oor, the air above the manure is drawn to the centre of the stable and transported to a fi lter. Because of the width of the slatted fl oor, it is 
inevitable that some air is drawn in the room above the fl oor through the slatted fl oor

Fig. 6
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Concentration time series, marked 
by the corresponding lettering. 
The concentration above the fl oor 
is much higher in those systems 
with no under-fl oor suction in 
comparison with under fl oor such 
systems

Fig.  7
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der to show the effectiveness of the system, that the study data 
from high summer are valid for the entire year, one can assume 
Cnew section oF = 10 ppm, Cnew section uf = 24 ppm, and Creference section 
= 22 ppm.

Explanation

In a state of only under-fl oor suction, it held true for τuF = 1: 
α=0, αuF = 0.25 meaning ηSystem = 0.95. In a state of combi-
nation suction for τuF = 1 and τoF = 0.7: α=0.75, αuF = 0.25 
that means ηSystem = 0.68. With an effectiveness level of ηFilter 

= 0.9, the system effectiveness increases to ηSystem = 0.71. If 
one were to operate the new section for four months with a 
system effectiveness level of ηSystem = 0.9, and for 8 months 
with an effectiveness level of ηSystem = 0.4 one achieves a total 
of ηSystem = 0.6.

Conclusions

With a partial under-fl oor suction of 25 % of the total fl ow 
volume in combination with an air direction system adapted 
to the suction conditions, one can achieve an effectiveness 
level of 70 %. In terms of acquisition and operating costs such 
a process is less expensive than the total fi ltering of stall 
exhaust and benefi ts the environment. Also the concentration 
of ammonia in the stable is reduced by almost half. The energy 
consumption is signifi cantly reduced by the major reduction in 
resistance with the small fi lter units.
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