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ABSTRACT Animal production buildings emit a variety of airborne compounds through 
the exhaust fans in mechanically ventilated (MV) barns and through ridge vents and 
sidewalls of naturally ventilated (NV) buildings. Some of these gas, odour, or particulate 
emissions can result in animal and/or human health issues and/or create environmental air 
quality concerns. The objective of this paper is to demonstrate how airflow or ventilation 
rates for naturally ventilated barns can be determined for use in emission calculations by 
using emission measurements from a similar type of animal building with MV. Initially 
the continuous “net” carbon dioxide (CO2) concentrations (exhaust – inlet) need to 
measured in the MV barn along with the building’s airflow rate, typically found by 
measuring the onsite performance of its exhaust fans. The continuous net CO2 
concentrations are then measured in a similar animal building that is NV. The NV room’s 
ventilation rate (on a per animal basis) is determined by multiplying the CO2 
concentrations ratios MV/NV from the earlier measurements and the MV room’s 
ventilation rate. This technique is demonstrated in the paper using data from a turkey barn 
study, where ammonia (NH3) concentrations were measured in both a MV and NV room 
and NH3 emissions are calculated for both rooms. Thus, by using this modified CO2 
balance approach, one can calculate any airborne contaminate emissions rate from a NV 
barn as long as the CO2 concentration ratios are known for that animal housing system 
and the net concentrations of that parameter is measured in the NV facility.  
 
Keywords: Air Emissions, Natural Ventilated Animal Buildings, Air Flow 
Measurements, CO2 Balance Method   

INTRODUCTION  

Minnesota leads the United States in turkey production and has a major impact on the 
state’s economy. Turkey production buildings generate and emit a variety of airborne 
compounds through the exhaust fans in mechanically ventilated barns and through the 
ridge vents and sidewalls of naturally ventilated or curtain-sided buildings. Some of these 
compounds have been designated hazardous gases by the Environmental Protection 
Agency (EPA), such as ammonia (NH3) and hydrogen sulfide (H2S), which can create 
chronic indoor air health concerns for workers and for the birds housed, and others 
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pollutants, like particulate matter under 10 µm in diameter (PM10), that create 
environmental ambient air quality concerns when they are released into the atmosphere 
(Casey, et.al, 2006). Also, greenhouse gases (GHG) are now a concern from numerous 
sources including animal productions sites (Jacobson, et al. 2009). As a results of these 
health and environmental concerns, the airborne emissions of some of these pollutants 
(NH3, H2S, PM10, CO2, CH4, and N2O) are now being or proposed to be regulated by not 
only states statues (such as in Minnesota) but also by the federal EPA through tthhee  
nnoottiiffiiccaattiioonn  pprroovviissiioonnss  ooff  bbootthh  tthhee  CCoommpprreehheennssiivvee  EEnnvviirroonnmmeennttaall  RReessppoonnssee,,  
CCoommppeennssaattiioonn,,  aanndd  LLiiaabbiilliittyy  AAcctt  ((CCEERRCCLLAA))  aanndd  tthhee  EEmmeerrggeennccyy  PPllaannnniinngg  aanndd  
CCoommmmuunniittyy  RRiigghhtt--ttoo--KKnnooww  AAcctt  ((EEPPCCRRAA))  pplluuss  tthhee  CClleeaann  AAiirr  AAcctt  ((CCAAAA))..  FFiinnaallllyy,,  mmaannyy  
ooff  tthheessee  aaiirrbboorrnnee  ccoommppoouunnddss  aarree  aallssoo  ooddoorroouuss,,  wwhhiicchh  nneeggaattiivveellyy  iimmppaaccttss  nneeiigghhbboorrss  
mmaakkiinngg  iitt  ddiiffffiiccuulltt  ttoo  ssiittee  nneeww  ffaacciilliittiieess  aanndd  iinn  ssoommee  ccaasseess  ttoo  ooppeerraattee  eexxiissttiinngg  bbaarrnnss 

A majority of the turkey production buildings in Minnesota and surrounding Midwestern 
states in the U.S. are naturally ventilated. In order to accurately quantify the emission 
rates of any of the important gas compounds, particulate matter, or odour from naturally 
ventilated turkey (or any animal production) building, the airflow rate through the barn 
must be determined. Measurement of airflow rates in naturally ventilated barns is 
extremely difficult.  The most common method of estimating ventilation rates in naturally 
ventilated animal barns is the carbon dioxide (CO2) balance method (Phillips, et al. 
1998). The CO2 balance method uses published heat production (and thus CO2 
production) animal data to calculate the airflow rate needed to dilute the CO2 
concentration down to the level measured in the barn’s exhaust air (Albright, 1990).  A 
major problem with this method is it assumes all the CO2 that is produced in the building 
is generated by the respiration of the animal (turkey) housed which we know is not the 
case since some CO2 is produced from decomposition of stored manure, combustion of 
fossil fuels if heaters are present, and other barn sources. Airflow rates through naturally 
ventilated animal barns can also be estimated with multiple high speed (sonic) and 
directional anemometers that are strategically placed in barn openings (sidewalls and 
open ridge) that can rapidly measure air velocity or speed and if the air is entering or 
leaving the building. Output from this system of sonic anemometers data (directional air 
velocities) can then be integrated over time and multiplied by the area of the 
representative openings to obtain a net airflow rate for that building.  This takes not only 
a number of expensive instruments but also very fast data collection and processing.  

The method proposed in this paper is to utilize airflow measurements that are generated 
from a similar (same animal size, density, manure handling, etc) animal production 
building that is mechanically ventilated. Ventilation rates are then determined by 
monitoring the fan operation and runtimes and using a fan measurements system like the 
Fan Assessment Numeration System or FANS system to obtain the fan curve for each fan 
(or a representative sample of each model) in the building.  Real time CO2 concentrations 
in the exhaust air of the barn also needs to be measured so CO2 concentrations can be 
calculated as a function of animal age or over an animal production period.  This 
relationship can then be used to calculate the airflow rate in a similar type of animal 
production system that is naturally ventilated by simply measuring the CO2 concentration 
in the building (assume that is the same as what leaves the barn).  Once the airflow rate is 
determined over the time period of interest, the emissions of any airborne contaminate 
can be determined by measuring the concentrations of that airborne parameter (gas, 
odour, or dust) in the ambient or outside air subtracted from the concentration of that 
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parameter measured in the building (concentration out – conc. in = net produced by 
animal building).  

OBJECTIVE:   
The objective of this paper is to demonstrate how airflow or ventilation rate for a 
naturally ventilated turkey barn can be determined to calculate ammonia emission rates 
for that building using emission measurement results for a similar type of turkey (animal) 
building that is mechanically ventilated.  

MATERIAL AND METHODS: 
A commercial style turkey barn at the University of Minnesota’s U-More Park’s turkey 
research farm near Rosemount, MN was continuously monitored for NH3 and PM10 
emissions from Oct 2007 to July 2008 which included four separate flocks of hen turkeys. 
The grow-out turkey barn (38.1 x 12.2 m) was divided into a smaller (13.7 m) 
mechanically ventilated (MV) room and a larger (24.4 m) naturally ventilated (NV) room 
(figure 1). The MV room had a traditional negative pressure ventilation system consisting 
of sidewall exhaust fans, gravity baffled ceiling inlets, actuated-controlled sidewall inlets, 
and a direct fired L.P.Gas heater that was regulated with a Phason Supra controller. The 
MV room’s sidewall fans consisted of three 61-cm, one 91-cm fan, and one 30-cm 
diameter blade fans. The NV room had sidewall curtains that were adjusted with a 
temperature controller and had two direct fired L.P. Gas heaters, similar in size to that 
used in the MV room. Hybrid hen turkeys were moved from a brooder barn to this grow-
out barn with approximately 800 and 1600 birds placed in the MV and NV rooms 
respectively. The birds were housed for 7 weeks or till a market age of 12 weeks. 
Standard commercial diets were fed ad lib to the birds during the study. Prior to onset of 
the monitoring, the rooms were cleaned, disinfected and bedded with wood shavings. 
Daily bird mortality was also recorded. 

A mobile air emission monitoring unit (MAEMU) or trailer was located adjacent to the 
barn (figure 1) and was used to measure concentrations of NH3, and CO2, in the MV and 
NV rooms and PM10 in the MV room only. The trailer housed: a gas sampling system 
(GSS), gas analyzers (one chemiluminescence NOx analyzers with NH3 converter, and 
two photo acoustic infrared CO2 analyzers), environmental instrumentation, a computer, 
data acquisition system, controller units for two PM10 (“tapered element oscillating 
microbalances” or TEOM) PM10 monitors, calibration gas cylinders, and other supplies. 
The above mentioned parameters were monitored quasi-continuously at the following 
locations, 2 representative exhaust fans, 2 representative interior sites in the MV and NV 
rooms), and an ambient or background air.   
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Figure 1. Layout of the turkey barn monitored at the University of Minnesota site 

Quasi-continuous concentrations of CO2 were made in both the MV and NV rooms and 
monitored to verify similar ventilation rates in both spaces. The same personnel managed 
the rooms and any manure, feed, or treatment done in both rooms.   

The emission monitoring yielded hourly average concentrations of NH3, and CO2 
sequentially, in 10-minute increments, of the exhaust, inlet and interior locations in the 
MV room and at one interior location in the NV room. The PM10 concentrations were 
found by taking continuous measurements of both the exhaust and inlet (background) air 
streams in the MV room. Gas or particulate emissions were calculated by multiplying the 
“net” pollutant concentrations times the airflow rate through the building.  The barn air 
exchange rate in the MV room was found by measuring the onsite performance of the 
exhaust fans, using the FANS unit. Together with these performance curves and each 
fan’s operation status plus the barn’s static pressures (measured by pressure transducers) 
the MV room’s ventilation rates were determined.   

A quality assurance and quality control (QA/QC) plan was used that followed EPA 
approved procedures similar to previous air emission projects. A QA/QC plan involves 
the use of properly maintained and dependable instrumentation, approved analytical 
methodologies and standard operating procedures, validation of data, well-trained 
analysts, electrical backups, audits, and documentation.     

RESULTS: 
Figure 1 shows the daily average of the recorded NH3 concentrations found in the MV 
room plus the ambient or outside temperatures over the nearly 10+ months monitoring 
period that included four flocks of turkeys. As expected, ammonia concentrations 
generally were lower for the younger birds and increased as the birds grew.  However, the 
NH3 concentrations were highly variable due to litter management with some of the 
highest ammonia concentrations (> 30 ppm) occurred during cleanout or turning of the 
litter. Also, Figure 1 shows that during warm weather (especially flock 4) NH3 
concentration were relatively low since ventilation rates were high.   
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Figure 1.  Daily NH3 concentrations in MV turkey grower room from flock 1 through 
flock 4 (including days between flocks (no birds in room)) and outside temperatures 

Figure 2 shows the daily CO2 emissions, calculated from the measured net (exhaust – 
inlet air) CO2 concentrations and airflow rates from the fans, in grams per day per bird 
(g/d-bird) as a function of bird age over the seven week growth periods from the MV 
room for the 1st (mild season), 2nd (cold season) and 4th (warm season) flocks. 
Theoretically they should be the same if the only CO2 sources in the barn were the 
turkeys. However, the room had a non-vented heater to maintain room temperatures 
which would produce CO2 during the combustion of the LP Gas fuel plus some possible 
CO2 generated in the decomposition of the litter (manure and wood shavings). Figure 2 
does shows the highest CO2 emission rates during the cool season when the heaters were 
operating the most, followed by the mild season case when the heater were running some, 
compared to the warm weather case when the heaters were running only rarely. This 
demonstrates one of the problems with the use of the standard CO2 balance method for 
determining airflow rates in naturally ventilated barns since there are typically non-
animal sources of CO2.  
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Figure 2.  Plot of the CO2 emissions from the MV room on a per bird basis for 3 seasonal 
turkey flocks as a function of bird age. 

As indicated above, CO2 concentrations were recorded both in the exhaust and inlet 
airstreams of the MV rooms so a “net” (exhaust – inlet) CO2 concentration could be 
determined. The net CO2 concentration for the NV room can also be determined since it 
is assumed that the inlet air is the same for both NV and MV rooms and the inside CO2 
concentration measured in the middle of the room is the same as that room’s exhaust air.  
A plot of these two “net” CO2 concentrations in the NV and MV barns are shown as a 
function of bird age for the warm (figure 3) and mild (figure 4) season flocks.  As one 
would expect the NV room has much more variability in the CO2 data since the 
ventilation of the room was dependent on wind forces instead of the more predictable 
exhaust fans for the MV room. With this information we can estimate the per animal 
airflow rate in the NV room for both flocks by simply multiplying the measured airflow 
rates in the MV room by the ratio of CO2 concentrations from figures 3 and 4. 

The average CO2 concentration ratio for the warm season flock was 0.74 and 1.17 for the 
mild season flock over each 7 week growth period. Using these ratios we can calculate 
the ventilation rate (on a per bird basis) in the NV room. Thus using this approach, we 
can calculate any airborne contaminate emissions rates from the NV room as long as we 
measure the net (inside – ambient) concentrations of that parameter in the NV room or 
barn.  
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Figure 3. Net (exhaust – inlet) CO2 concentrations in the MV and NV room of the turkey 
barn as a function of bird age for the warm season flock (#4). 
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Figure 4. Net (exhaust – inlet) CO2 concentrations in the MV and NV room of the turkey 
barn as a function of bird age for the mild season flock (#1). 

To demonstrate this technique using the data collected in this turkey barn study, ammonia 
concentrations were measured in both the MV and the NV rooms so the NH3 emissions 
for both MV and NV rooms for the warm season flock are given in figure 5 and for the 
mild season flock in figure 6.  As can be seen these emissions are quite similar with the 
NV room’s emission being slightly higher (20 to 30%) probably due to the larger 
variability in airflow rates. The higher calculated NH3 emissions in the naturally 
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ventilated room is possibly the result of increased “stripping” of ammonia from the litter 
during periods of these high airflow rates. 
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Figure 5.  Warm season (flock #4) NH3 emission rates for MV and NV rooms in a turkey 
grow-out barn. 
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Figure 6. Mild season (flock #1) NH3 emission rates for MV and NV rooms in a turkey 
grow-out barn. 
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CONCLUSION  

This paper outlines how what might be termed a “modified CO2 balance” method can be 
used to determine the airflow rates in a naturally ventilated animal production building.  
The method utilizes measuring net (exhaust – inlet) CO2 concentrations from a similar 
designed and managed animal production building that is mechanically ventilated so 
accurate airflow rates through this barn can be determined.  Net CO2 concentration data is 
then measured from the naturally ventilated barn in question and by normalizing these 
CO2 concentrations (ratio of MV/NV) one can calculate the ventilation or airflow rate in 
the naturally ventilation barn. With the NV airflow information, one only needs to 
measure the net airborne contaminant concentration of interest (such an NH3) from the 
NV barn to determine that contaminant’s emission rate.  This was demonstrated in the 
paper using NH3 emissions from MV and NV turkey grow-out rooms for two different 
flocks grown over 7 weeks in mild (Sept and Oct) and warm (June and July) conditions.  
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