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MICROCLIMATE IN CATTLE BARNS  
WITH FUNCTIONAL ATTIC AND ROOF RIDGE GAP 

Summary 

The aim of this article to present of research results of microclimate parameters in barns with different gravitational venti-
lation systems and comparison of efficiency of these systems. Two tied-up and three loose-housing barns for dairy cows and 
one for beef cattle were researched. Tied-up barns had functional attic and duct ventilation, in barns with loose housing 
systems there were skylights with roof ridge gap. In stalls with ventilation by vertical channels there was not sufficient area 
of air inflow and outflow. The negative consequence of this was overcoming of recommended internal relative humidity of 
air (80%) in these stalls. In non-littered barns, with roof- ridge gap ventilation, temperature of air exceeded recommended 
values of 25oC. The luminance of daily light in stalls with functional attic was below of minimal level, which was described 
by standards (100 lx). 
Key words: microclimate, natural ventilation, air temperature, relative humidity, ammonia, animal welfare, vertical ventila-
tion channels  

MIKROKLIMAT OBÓR Z PODDASZEM U�YTKOWYM I SZCZELIN� KALENICOW�
Streszczenie 

Celem niniejszego artykułu jest przedstawienie wyników bada� parametrów mikroklimatu w oborach z dwoma ró�nymi sys-
temami wentylacji grawitacyjnej i porównanie skuteczno�ci tych systemów. Zbadano po dwie obory stanowiskowe i wolno-
stanowiskowe dla krów mlecznych oraz jedn� dla bydła mi�snego. Obory stanowiskowe posiadały poddasze u�ytkowe 
z wentylacj� kanałow�, natomiast w pozostałych oborach był �wietlik ze szczelin� kalenicow�. W oborach z wentylacj� pio-
nowymi kanałami nie była zapewniona odpowiednia powierzchnia nawiewu i wywiewu. Negatywnym tego skutkiem było 
przekroczenie zalecanych warto�ci wilgotno�ci wzgl�dnej powietrza (80%) w tych oborach. Temperatura w oborach bez-
�ciółkowych z wentylacj� kalenicow� przekraczała zalecane standardami warto�ci (25oC). Nat��enie o�wietlenia dziennego, 
w oborach z poddaszem u�ytkowym było poni�ej minimalnego poziomu okre�lonego standardami (100 lx). 
Słowa kluczowe: mikroklimat, wentylacja naturalna, temperatura powietrza, wilgotno�� wzgl�dna powietrza, amoniak, do-
brostan zwierz�t, pionowe kanały wentylacyjne 

1. Introduction 

 The progressive intensification of animal production 
and increase in concentration of cattle herds goes together 
with increase in production costs. One way of increase in 
milk production’s effectiveness is ensuring of proper mi-
croclimatic conditions in new buildings as well as im-
provement of them in existing one. 
 In last years almost 50 thousands of tied-up cattle barns 
were rebuilt for free-stall barns [7]. Modernization, although 
expensive, should lead to creating of proper animal welfare 
conditions. The reconstruction is connected most frequently 
with liquidation of functional attic, which in significant range 
limits the cubage and amount of air necessarily to normal func-
tioning of alive animals organisms. However, even in cattle 
barns with roof-ridge gap ventilation, especially without litter, 
it is very difficult to ensure proper microclimatic conditions 
due to releasing of large amounts of ammonia from liquid ma-
nure. Especially in autumn season , even in barns from which 
natural manure is removed every day such difficulties occur. 
According to Witkowska and other’s research, relative humid-
ity in such season in loose housing systems with litter and me-
chanical ventilation ranged even up to 99,9%. The high humid-
ity with proper air temperature could lead, first of all, to expan-
sion of dangerous pathogenic bacteria and fungi Fusarium, 
Penicillium, Alternaria [11, 12]. Spring and autumn are the 

most difficult periods due to oft and significant changes in 
temperature, humidity and of air movement velocity [2, 14]. 
 Thermoneutral zone for cattle ranges from -5 to +25oC, 
while temperature for human beings is recommended at 
higher ranges. It explains the existence of differences with 
respect to ventilation management patterns, creating an un-
favorable environment for animals [5]. 
 As Teye’s research shows, in cattle barns with partially 
insulation , by external temperature ranged -20oC the rela-
tive humidity of air ranged up to 80%, with air movement 
velocity 0,2 m�s-1 and carbon dioxide concentration 
2925 ppm. In summer the highest ammonia concentration 
(19 ppm) was together with internal temperature of 28oC 
and relative humidity 48%, with air velocity amounting 
0,6 m�s-1 [13]. 

2. Research aim and scope 

 The aim of the study was to evaluate microclimate pa-
rameters in barns with different technical solutions of natu-
ral ventilation. The research scope covered 5 cattle barns 
with herd’s size from 83 to 170 LU. Among chosen barns 
were 3 with roof ridge gap (free-stall, non-littered cattle 
barns) and 2 barns with functional attic (littered stalls). In 
four from this barns dairy cows were kept, in one were beef 
cattle. 
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3. Methods of research 

The research of microclimate parameters was con-
ducted, according to elaborated methodic, which based on 
the following literature and formal-legal regulations: Ro-
maniuk and Overby [8], Ko�la [3], Winnicki et al. [10], In-
stytut Zootechniki [1], Regulation of Ministry of Agricul-
ture and Rural Development MRiRW [9] and industry stan-
dard [6]. 

The research was realized by using of following appara-
tus: 
– termo-, higro-meters – (marked on drawings TH-5, TH-6, 
TH-7 and Th-8) continuously registration to concentration’s 
memory 487 and/or LB 731, 
– termo-, higro-barometers LB-417, LB- 418, LB-419 and 
LB-420 – continuously registration to internal memory, 

– dry cathatermometer – measurement of cathathermomet-
ric cooling, 
– 4 double, portable gas detectors (MX6 No. 1, 2, 3, 4) for 
measurement of CO2 and NH3 concentration – continuously 
registration to internal memory, 
– luxmeter Lx-100. 

The technical data of measuring apparatus were de-
scribed in PhD thesis of Mazur [4]. 

4. Research results 

Technological- functional schemes of barns together 
with location of measuring equipment for microclimate is 
shown on figures 1-5. 

Characteristics of researched barns were shown in table 1, 
whilst in table 2. – measured microclimate parameters.  
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Fig. 1. Scheme of tied-up housing barn in farm 1 with location of measuring equipment 
Rys. 1. Schemat rzutu przyziemia obory stanowiskowej w gospodarstwie nr1 z rozmieszczeniem aparatury pomiarowej 

T

T

T

N

Z garniac z odc hodów
deLaval
- miejsc e ³adowania
ak umulatorów

Podgarniac z
pas zy "LELY"
- miejsc e
³adow ania
a kumulatorów

26
00

4500

TH-5
M X6-3
LB-418

TH-6
iTX

M X6-4
LB-417

TH-7

LB
-4

20

M X6-2
LB-419

TH-8
M X6-1

Source: own work / �ródło: Opracowanie własne

Fig. 2. Scheme of non-littered loose housing barn in farm 2 with location of measuring equipment 
Rys. 2. Schemat rzutu przyziemia obory bez�ciółkowej w gospodarstwie nr 2 z rozmieszczeniem aparatury pomiarowej 
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Fig. 3. Scheme of non-littered loose housing barn in farm no.3 with location of measuring equipment  
Rys. 3. Schemat rzutu przyziemia obory bez�ciółkowej w gospodarstwie nr 3 z rozmieszczeniem aparatury pomiarowej 
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Fig. 4. Scheme of non-littered loose housing barn for beef cattle in farm no. 4. with location of measuring equipment 
Rys. 4. Schemat rzutu przyziemia obory bez�ciółkowej dla bydła mi�snego w gospodarstwie nr 4 z rozmieszczeniem apara-
tury pomiarowej 
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Fig. 5. Scheme of tied-up housing barn in farm no. 5 with location of measuring equipment 
Rys. 5. Schemat rzutu przyziemia obory stanowiskowej w gospodarstwie nr 5 z rozmieszczeniem aparatury pomiarowej 
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The conducted research indicated many abnormalities 
in designing of ventilation system, as well as in its exploita-
tion. It concerns, in particular, the barns with functional at-
tic, where there wasn’t proper air inflow and outflow area 
ensured. In many barns were exceeded the highest permis-
sible air temperature 25oC, relative air humidity 80% and 
recommended ammonia concentration of 20 ppm.  
- Temperature inside barns with functional attic was 
lower and relative air humidity was higher than in barns 
without such attic. 
- Only in non-littered barn with the highest unitary cub-
age the relative air humidity did not exceed boundary value 
of 80% recommended by standards. In barn with roof ridge 
slit and the lowest cubage, microclimatic conditions did not 
fulfill the recommended standards. While it was raining 
(night) there was very high relative air humidity in this barn 
– from 80 to 93,1%, by air temperature from 21 to 24oC. 
- The average air temperature inside barns was from 17,6 
to 27,6oC with variations from 13 to 37,4oC. Relative air 
humidity was from 58,31 to 73,58%, with variations of sin-
gle values from 37,7 to 93,1%. In non-littered barn for dairy 
cattle with higher herd size and in barn for beef cattle, tem-
perature inside barns in momentary measurements ex-
ceeded the value recommended by standards 25oC. 
- The illumination of daily light was above minimal level 
recommended by standards (100 lx), in exception of barns 
with functional attics.  
- In all barns researched the artificial light was used, but 
it was insufficient in barns with functional attic. The incan-
descent lamps should be replaced by fluorescent lamps, due 
to their low efficiency. Also halide lamps are improper, be-
cause they do not allow to obtain scattered light. 
- In tied-up barn with lower herd size the inflow of air 
area as well as outflow area are insufficient. The inflow 
gaps are unnecessarily clogged with various materials by 
staff. There is too low number of outflow channels (4 pcs). 
The operating range of outflow channel equals 10 diameters 
of cross section, so by length of building of 66 m there 
should be 6 such channels. The thermal insulation of out-
flow channels, necessary to proper functioning of ventila-
tion, were destroyed during exploitation. These channels 
should be insulated. 
- In boxed, non-littered barn (no 2) the improper solution 
were slatted floor on the whole area of joint pen for heifers 
and dried cows. Too large area of slatted floor, in relation to 
the needs, could be the reason of high ammonia emission. 
Anyway the ventilation system in this barn was designed 
properly. The roof slope 24o guarantees effective air 
movement. The height of roof ridge gap equals 0,25 m, 
what gives 14,4 m2 of outflow area, whereas inflow area 
equals 51,2 m2. 
- The air velocity in three barns did not exceed the 
maximum value in summer season permitted by standards 
(0,5 m�s-1), however, in one barn with the highest cubage – 
amounted its three times. 
- The average carbon dioxide concentration in barns was 
from 665,5 to 1143,5 ppm with variations from 500 to 2800 
ppm. The higher concentrations of this gas were in barns 
with vertical ventilation channels. The highest carbon diox-
ide concentration was in tied-up barn with higher herd size 
and it was 93% of norm 3000 ppm, which is permitted by 
standards. 

- Average ammonia concentration in barns was from 4,9 
to 14,5 ppm with variations from 1 ppm in barn with the 
highest unitary cubage (no 2) to 22 ppm in barn with the 
lowest cubage (no 4), with the fact that in barns with func-
tional attic, in variations did not exceed 10 ppm – the half 
of level permitted by standards. The NH3 concentration was 
higher in non-littered barns.  
- In particular, unfavourable ammonia concentration was 
in barn for beef cattle (calves over 3 months and older cat-
tle) with housing on a slatted floor. During research slurry 
channels were overflowing. The cubage of this barn and its 
height also were� definitely insufficient. The precondition 
for effective ventilation is the difference 5oC between inter-
nal and external temperature of air, what did not take place 
in this time. Air temperature inside this barn was high, what 
proves improper working of ventilation. The ammonia con-
centration above permitted level was remaining in contin-
ues mode through eight-hour periods and few nights, from 
about 21st hour to 6th hour in the morning. It is alarming 
phenomenon, whereas according to Regulation of Ministry 
of Agriculture and Rural Development from 2010 year, 
ammonia concentration in rooms for calves should not ex-
ceed 20 ppm. 
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