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ABSTRACT In this study, the monitoring technology of ammonia emissions, and 
estimating method of ventilation airflow rate from naturally ventilated fattening pig 
houses were investigated by using experimental simulation. The experimental simulation 
study was conducted in the two pig houses with identical construction, dimensions, pig 
numbers and management. The natural ventilation is used in the experimental pig house 
and the reference pig house is equipped with mechanical ventilation. Controlled 
artificially, to maintain identical air temperature and relative humidity in both houses, the 
ventilation airflow rate of the experimental pig house was estimated by calculating the 
ventilation airflow rate in the reference pig house. In addition, the ventilation airflow rate 
of the experimental pig house was also estimated based on heat pressure theory.  The 
results showed that the room air temperature and relative humidity were related to inlet 
air temperature and relative humidity for both ventilation systems. The average air 
temperature in room 104 (19 days) was 4.1(±1.1) °C higher than inlet air temperature, but 
the relative humidity was lower by 7.1(±2.8) %. In room 103 with naturally ventilation, 
the average air temperature (19 days) was 3.9(±1.2) °C higher than inlet air temperature, 
but the relative humidity was lower by 4.3(±2.8) %. The difference between the average 
air temperatures from room 104 and 103 varied from -0.78 to 0.79 °C and from -5.3% to 
0.8% for relative humidity. The results indicated that the room air temperature and 
relative humidity in both rooms was similar. The average ventilation rate in naturally 
ventilated room 103 was 0.31±0.15 m3/s and 0.25±0.03 m3/s for room 104 with 
mechanical ventilation. The results showed that NH3 emission factor, for fattening pigs, 
in room 104 with mechanical ventilation was 22.7% higher than room 103 with naturally 
ventilation. Further research is required to properly identify the characteristics of both 
ventilation systems.  
 
Keywords: ammonia emission, natural ventilation, pig house 

 

 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 2 

INTRODUCTION  

Ammonia (NH3) formed and emitted from pig buildings may lead to poor indoor air 
quality and seriously impact the outdoor atmosphere environment as well as the natural 
ecosystem. The pig buildings in the south-east China are commonly used open or semi-
open style with naturally ventilation and the level of environmental control is low. 
Monitoring on air pollution concentration and estimating emission factor are difficult 
points and hot issues of present international study for open or semi-open emission 
sources due to the complexity of comfirming ventilation airflow rate. The objective of 
this study is to estimate NH3 emissions from naturally ventilated fattening pig houses by 
using experimental simulation with mechanical ventilation. 

METHODS AND PROCEDURES  

Theoretical basis  

Air movement in buildings is caused by ventilationservices, metabolic heat,the external 
weather, and the movement of equipment , animals and people(1997,B . B . Harral).The 
emission rate is approximately the product of ammonia concentration and ventilation 
exhaust airflow rate(2003,H. Xin).And It is hard for us to monitor the ventilation airflow 
rate of the naturally ventilation animal houses and fresh air ventilation is used to remove 
NH3 from livestock(2001,A. J. Heber).The heat and humidity exchange between a indoor 
environment and the outside is also executing with the airflow between the inside and 
outside.  

                                                      )( 21 ttCmQ −=                                                          (1) 

In the equation (1):  Q——the heat exchange between a indoor environment and the 
outside in a unit time, kJ; 

                                   C——the specific heat of air, kJ/(kg·K); 

                                   m——the amount of air exchange between a indoor environment 
and the outside in a unit time, kg; 

                                   t1——the temperature of the inside air, K; 

                                   t2——the temperature of the outside air, K. 

                                                       tLm ρ=                                                                    (2) 

In the  equation (2):    L——the airflow rate between the inside and the outside, m3/s; 

                                   ρ ——the density of air, kg/m3; 

                                   t ——the time, s. 

                                                      FvL µ=                                                                     (3) 

In the  equation (3):   µ ——the airflow coefficient of ventilation window; 
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                                  A——the area of ventilation window, m2; 

                                  v ——the air velocity at the outlet, m/s. 

The hypothesises were made as followings: 

The values of F, μ and t2 are same due to the two indentical experimental pig rooms; 
The amount of heat emission of each room are considered to be equal because of similar 
experimental pigs, feeding and managing.  

If the both room have the same t1, the air velocity at the outlet (v) will be the same. 
Accordingly, simulation of airflow rate in the naturally ventilation room could be 
achieved by controlling ventilation in the mechanical ventilation room to keep the same 
air temperature and relative humidity.      

              
Experimental pig rooms  

The experiments were conducted in the Key Laboratory of Eco-Agricultural 
Environmental Engineering and Intelligent Equipment, Ministry of Agriculture, China. 
Two experimental pig rooms with identical construction, dimension, pig number and 
management were used for purpose. The only difference was that the naturally ventilation 
used in Room 103 and Room 104 was equipped with mechanical ventilation, Fig.1.  

 

Figure 1. The experimental pig rooms 

Animals 

    Two pigs were raised in each room. In room 103, two pigs growed from 105.1 kg to 
121.4 kg and from 102.2 kg to 118.2 kg in room 104 during nineteen days (23th Dec. 
2009-10th Jan. 2010) measurements. The pigs were feed 2 kg forage in each room every 
time and twice a day. The faece were removed daily by manpower at 8:00~8:30 am and 
4:00~4:30 pm during the experiment. 

Measurements  

Air temperature and relative humidity in pig rooms were continuously measured for 
inlet and room by temperature/humidity sensors (ZDR-20), Fig. 1. The measuring points 
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were the same with ammonia sampling. Ammonia concentrations of inlet and 1.5 m 
above the floor near the outlet were continuously monitored by ammonia detectors 
(CGD-I-1NH3, China). The sampling interval for air temperature, relative humidity and 
ammonia was 1 min. The daily average values and standard deviations were used for 
analysis here.  

Estimation of airflow rate  

The airflow rate in the mechanical ventilation room  

                                VAL =mv                                                                                      (4) 

In the  equation (4):    mvL
——the airflow rate in the mechanical ventilation room, m3/s; 

                                      V ——the mean air velocity at the outlet, m/s;    

                                     A——the area of outlet, m2.                                                           

The airflow rate in the naturally ventilation room

The average ventilation rate of the naturally ventilation pig house can be estimated 
using the theory of the hot and wind pressure because that the nature system relies only 
on the wind and animal heat thermal buoyancy to move air(1993.J. A. Moore).In this 
experiment, air velocities measured in the room were lower than 0.1 m/s, so the 
calculation of ventilation rate here was considered only by thermal buoyancy but wind 
pressure ventilation. The equation is as follows: 
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In the  equation (5):    actualL
——the airflow between the inside and the outside, m3/s; 

                                   inT
, outT

 ——the thermodynamic temperature inside and outside 
of  the room, K; 

                                   h  ——the height difference between inlet and outlet, m; 

                                   g  ——the gravity, m/s2; 

                                   aF
, bF

——the area of  inlet and outlet, m2; 

                                    aµ , bµ  ——the flow coefficient of  inlet and outlet. 
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Calculation of the ammonia emission factor  

  The ammonia emission factor was calculated using the following formula(2010,                                                                                                                   
WangKaiying): 

                          actual86400day LL =                                                                              (6) 

In the  equation (6):    dayL
——the amount of  ventilation for a whole day, m3/d ;  

                )inout(
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+
=                                                (7) 

In the  equation (7):    E ——NH3 emission rate, mg/(day·pig);  

                                  M ——the molar molecular of  NH3, 17.031 g/mol;   

                                  outC
——the average daily NH3 concentration of the outlet, ppm; 

                                  inC
——the average daily NH3 concentration of the inlet, ppm; 

                                  exhaustT
——the average daily temperature of the outlet,℃; 

                                 R —— universal gas constant (0.08206 L-atm/mol-°K); 

                                 0P
——pressure at the exhaust sampling point (atm).                   

RESULTS AND DISCUSSION  

Daily variations of air temperature, relative humidity and NH3 concentration 
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Figure 2. Daily average air temperature in room 103 and 104  

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

09-12-23 09-12-25 09-12-27 09-12-29 09-12-31 10-1-2 10-1-4 10-1-6 10-1-8 10-1-10

Date (d)

R
el

at
iv

e 
hu

m
id

ity
 (%

)

H104
H103
Hinlet

 

Figure 3. Daily average relative humidity in room 103 and 104  
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Figure 4. Daily average NH3 concentrations in room 103 and 104  

  During the experimental period, the variations of air temperature, relatively humidity 
and NH3 concentration at the inlet and room 103 and 104 can be clearly seen in Fig. 2, 
Fig. 3 and 4. The room air temperature and relative humidity were highly related to inlet 
air temperature and relative humidity. The average air temperature in room 104 for 
nineteen days measurements were 4.1(±1.1) °C higher than inlet air temperature, but the 
relative humidity were lower by 7.1(±2.8) %. In room 103 with naturally ventilation, the 
average air temperature for nineteen days measurements were 3.9(±1.2) °C higher than 
inlet air temperature, but the relative humidity were lower by 4.3(±2.8) %. The difference 
of average air temperature between room 104 and 103 varied from -0.78 to 0.79 °C and 
from -5.3% to 0.8% for relative humidity. The results indicated that the room air 
temperature and relative humidity in two rooms were very similar.  
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NH3 concentrations for both room were generally increased following the pigs’ growth. 
This result was similar with other studies. NH3 concentration was influenced by air 
temperature, air velocity and airflow pattern at sampling point. NH3 concentrations in 
room 104 from 26th to 28th Dec decreased may caused by reduced air temperature at these 
days. The NH3 concentrations in room 104 were higher than room 103. It could be caused 
by airflow pass through the sampling point which affected by different ventilation 
systems, the more airflow result in higher air velocity and lower NH3 concentration. In 
addition, the fluctuations of concentration in room 104 were bigger than room 103 
indicated there was little influence by wind on air moving through natural ventilation.  

 
Comparison of airflow rate 

The mean air velocity at outlet in the mechanical ventilation room 104 was around 
0.45±0.05 m/s. The ventialtion airflow rates for room 103 and 104 were shown in Fig. 5. 
The estimation of ventilation rate in naturally ventilated room 103 was only considerd by 
thermal buoyancy. The average ventilation rate in naturally ventilated room 103 was 
0.31±0.15 m3/s and 0.25±0.03 m3/s for room 104 with mechanical ventilation. 

Due to the lower air temperature outside in winter time, the windows and doors of 
fattening pig building in practical production in China normally closed to prevent heat 
loss. Therefore, the minmal ventilation rate should be confirmed and the air velocity in 
room should not big than 0.2 m/s. In this study, the air velocity in room 103 was lower 
than 0.1 m/s.  
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Figure 5.  The estimated ventialtion airflow rate 

Comparision of NH3 emission factor 

The NH3 emission factor for fattening pigs from two rooms was given in the Table 1 as 
followings: 

Table 1 NH3 emission factor for fattening pigs in room 103 and 104 

 NH3
 

 emission factor (g/day·pig) 
103 (NV) 104 (MV) 

Average  14.87+9.75 19.24+11.46 
Max 33.17 51.89 
Min 5.33 2.65 
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The results showed that NH3 emission factor for fattening pigs in room 104 with 
mechanical ventilation was 22.7% higher than room 103 with naturally ventialtion. As we 
know, the NH3 emission is affected by many factors, such as envrionmental conditions 
and pigs themselves. More efforts are needed to figure out the differences between two 
ventialtion systems.  

CONCLUSION  

The room air temperature and relative humidity were highly related to inlet air 
temperature and relative humidity for both two ventilation systems. The average air 
temperature in room 104 for nineteen days measurements were 4.1(±1.1) °C higher than 
inlet air temperature, but the relative humidity were lower by 7.1(±2.8) %. In room 103 
with naturally ventilation, the average air temperature for nineteen days measurements 
were 3.9(±1.2) °C higher than inlet air temperature, but the relative humidity were lower 
by 4.3(±2.8) %. The difference of average air temperature between room 104 and 103 
varied from -0.78 to 0.79 °C and from -5.3% to 0.8% for relative humidity. The results 
indicated that the room air temperature and relative humidity in two rooms were very 
similar.  

The average ventilation rate in naturally ventilated room 103 was 0.31±0.15 m3/s and 
0.25±0.03 m3/s for room 104 with mechanical ventilation. The results showed that NH3 
emission factor for fattening pigs in room 104 with mechanical ventilation was 22.7% 
higher than room 103 with naturally ventialtion. More efforts are needed to figure out the 
differences between two ventialtion systems.  
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