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In-house Emission Impact Factors

• Age of litter
• Litter moisture
• Temperature
• Relative humidity
• Bird density
• Market age
• Diet manipulation
• Health status
• Amendments
• Litter management and movement

From: Swelum, et al., Science of The Total Environment
Volume 781, 10 August 2021

https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/781/suppl/C




External Emission Impact Factors

• Seasonality
• Geographical location, topography / terrain
• Ambient temperature – vertical heat flux
• Relative humidity
• Weather patterns
• Atmospheric stability - wind direction & intensity

Wind

C
Q (g 
s-1)



How do we obtain downwind concentrations?
•Measurement

•Gas washing, electrochemical sensors, photoacoustic 
spectroscopy, chemiluminescence, etc.

•Disadvantages or potential problems – NH3
absorption/desorption by equipment, drift/interference, 
expense, point source bias, representativeness of the 
measured concentration, etc.



How do we obtain downwind concentrations?
•Measurement
•Dispersion analysis modeling

•Gaussian 
•Lagrangian – more appropriate for agricultural site situations.

Height < 10 m, horizontal distance < 1000 m, based on 
stochastic dispersion and climate parameters, good 
accuracy (± 20%)
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UGA Study

• Worst Case Scenario
– Hot weather (summer)
– Fans located across the entire end wall
– Tunnel ventilation mode
– Six or more fans running
– Wind blowing in direction of sensors downwind of fans
– Birds in last week of grow-out



Measurements:

Path average NH3 concentrations -- 100 ft, 200 ft, 300 ft, and 500 ft 
downwind of the houses.

Meteorological information – windspeed, wind direction, humidity, 
ambient temperature, rainfall intensity and volume.

Climatological information – three dimensional vector wind 
velocity, turbulence parameters, thermal stability, and heat 
flux.

Management factors – Animal density, water use, fan run-time, 
house temperature and relative humidity.



Data analysis:
Acceptable data – Upwind plume must cover at least

50% of the source area.

Houses
Sonic 
anemometer

Open-path laser 
measurement

Acceptable data period Unacceptable data period



Observed NH3 Concentrations

PPM
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1 ppm is 5 times lower than the 
NH3 detectable odor threshold



Measurement results:
Downwind NH3 concentrations (broiler production).

Daily average NH3 concentrations 
decrease rapidly during unstable 
(daytime) conditions as a power 
function with respect to 
downwind distance.  The climatic 
dispersion effect* increases much 
more rapidly during unstable 
conditions.  

Daily average NH3 concentrations 
decrease minimally during stable 
(nighttime) conditions as a power 
function with respect to 
downwind distance.  The climatic 
dispersion effect* has minimal 
effect during unstable conditions.  

*The climatic dispersion effect is the variance of the daily NH3 concentration divided by the daily mean 
concentration.
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Ammonia Emissions from Broiler Production:  
Regional, Climate, and Measurement Technology Comparisons

L.A. Harper†, C.W. Ritz‡, and T.K. Flesch§

Study Location Litter Conditions Ammonia 
Emissions

(kg NH3 bird-1
year-1)

Germany Europe New litter1 0.016
United Kingdom Europe New litter1 0.040

California Western 
U.S.

New litter2,3 0.099

Pennsylvania Eastern U.S. Built-up1,4
(two to four flocks)

0.150

Texas Southern 
U.S.

Built-up1,4
(new litter to one 

flock)

0.180

Kentucky Middle U.S. Built-up1,4
(two flocks)

0.230

Arkansas Southern 
U.S.

Built-up1,4
(one to two flocks)

0.250

Comparison of annual NH3 emissions between geographical areas and litter types.

Questions:
1. What is the cause for regional differences in ammonia emissions?
2. Why are simultaneous measurements different?
3. What is the most appropriate technique for evaluating trace-gas 

emissions?
4. Can downwind gas concentrations be predicted accurately?
5. What is the effect of climatic conditions on downwind gas 

concentrations?
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Evaluation of Emission Control 
technologies

• Ionization
• Bedding-free system





Space Charge
System



Dust Level Comparison
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Ammonia Level Comparison
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Emission Summary: Critical factors

§ Accuracy of measurement technology
§ Accuracy of modeling 
§ Regional variance and impact of geographic and 

atmospheric influence
§ Industry practices, market targets, company 

policies and procedures
§ Emission control technology impact on animal 

welfare and sustainability


