
GHG Measurements at Livestock Farms
House Committee on Science and Technology

Purdue Agricultural Air 
Quality Laboratory

Agricultural and 
Biological Engineering

Purdue University

Albert J. Heber, Professor
heber@purdue.edu

www.AgAirQuality.com

mailto:heber@purdue.edu�


Air Emissions from Livestock

Odor
Ammonia
Hydrogen sulfide
Particulate matter (TSP, PM10, PM2.5)
Greenhouse gases (CO2, CH4, N2O)
Volatile organic compounds (VOC)
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This list of pollutants is in order of importance based on research we have conducted.  

Odor is due to a composite of up to 170 odorous compounds.

NOx is not significant enough to mention.

CAFOs affect air quality through emissions of odor, specific odorous gases (odorants), odor-carrying particulates (including organic, inorganic, and biological particulate matter), and volatile organic compounds (VOCs).




GHG Sources from Animal Ag
Methane
Enteric fermentation (beef 72% dairy 23% 

swine 2%)
Anaerobic decomposition of manure.

Nitrous oxide
Direct: 

Nitrification/denitrification of organic N in manure
 Indirect: 

Ammonia and NOx volatilization and 
Runoff and leaching of nitrogen during treatment, 

storage and transportation.
Carbon dioxide
Anaerobic digestion of manure
Animal respiration

EPA Report 430-R-09-004



GHG Emissions from Animal 
Agriculture

U.S. agriculture emits 6.4% of total 
US GHG emissions (FAO, 2006)
Animal agriculture emits 2.5% of 

total US GHG emissions (EPA, 2008)

EPA Report 430-R-09-004



Potential GHG Mitigation by Animal 
Agriculture

Improve production efficiency. For 
example, the average milk yield per 
cow increased from 2,074 kg/year in 
1944 to 9,193 kg/yr in 2007 resulting 
in 1/3 lower carbon footprint
Methane utilization
Compost management
Apply manure to land agronomically
Diet modification

Capper et al., 2009, J. Animal Science.



Increasing Knowledge about Emissions
 Laboratory studies

 Kinetics and process dynamics
 Controlled tests of abatement ideas

 Field studies
 Baseline source emission rates
 Emission characteristics
 Demonstrations of abatement methods
 Ambient downwind concentrations

 Scientific emission models
 Process-based
 Component emissions, e.g. barns, manure storage, etc.
 System models (show tradeoffs and consequences)

 Regulatory models
 Often shaped by untimely political and societal pressures
 Marked by simplicity, unfairness, arbitrariness, and inaccuracy!
 Can be influenced by scientific knowledge in a positive way.

 Multi-state and interdisciplinary research and education
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Laboratory studies are important for learning emission kinetics and process dynamics and to conduct controlled studies of ammonia abatement concepts and techniques.

Field emission studies, such as USDA’s six-state air emissions project, are important to define the problem, and to test the effects of abatement technologies.   For testing technologies, it seems that direct source measurements are the most accurate, but in many cases, indirect ambient measurements are the most practical. Ambient measurements can be used to back calculate source emission rates and to assess neighbor exposure to pollutants.

To help us study and predict emission rates, descriptive and predictive models are needed, both for components, such as buildings, and for the entire system, which will show tradeoffs.  Process based models are being developed and in fact is a stated goal of the U.S. dairy industry.

While regulatory models have inherent shortcomings, they can be supported by sound scientific data.  




National Air Emission Monitoring Study

 Objectives
 Quantify air emissions from livestock production.
 Provide reliable data for developing and validating barn 

and lagoon emission models. 
 Promote national consensus on methods of measuring, 

calculating, & reporting emissions.



Approach

Barns (38) monitored continuously at 15 sites
 Hydrogen sulfide (pulsed flourescence) 
Ammonia (photoacoustic spectroscopy) 
Methane and non-methane HC (GC-FID) (2 sites)
Methane (photoacoustic spectroscopy) (5 sites)
 Carbon dioxide (photoacoustic spectroscopy)
 TSP, PM2.5, PM10 (TEOM)

Open sources (9 lagoons and 1 corral) tested quarterly
 Hydrogen sulfide (pulsed fluorescence with S-OP).
Ammonia (TDLAS, photoacoustic spectroscopy)
Methane (photoacoustic spectroscopy) 1/3 of time



 Mechanically ventilated livestock buildings
 Continuous emission monitoring (source)

 Multiple gas sampling points
 Gases (NMHC, CH4, NH3, H2S, traces)
 PM10, TSP, PM2.5

 Grab samples (bags, traps, filters)
 Reliable emission measurements

APECAB Project
(USDA-IFAFS) CAPESH Project

(EPA and PSF)

APECAB (IN site)

Control of Air Pollutant Emissions from Swine Housing
CAPESH (funded by EPA and Premium Standard Farms)

Barn
emission
projects
‘01-’04
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Slides – Projects: Two Emission Projects APECAB and CAPESH 4 pictures

The CAPESH study conducted with the University of Missouri is being done simultaneously with the APECAB study and the things we learned from this study are being applied to both projects.  The gas sampling system was rebuilt and is identical for both projects.

The tools developed were used in these two large-scale projects.
Long-term measurements are needed to study barn emissions of gases and dust, at least initially.
Data from the CAPESH study was defended in a thesis last month and data from the APECAB study will be reported next year.  See poster for CAPESH emission data.
These studies represent huge amounts of data but little money is available to analyze the data.  Will sponsoring agencies support funding data mining activities?







NH3 Measurements: TDLAS
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Source: Dr. Rich Grant, Purdue University, April, 2008



Legend
1 – Broilers
2 – Layers
3 – Swine finishers
4 – Sows (swine)
5 – Dairies
A – Open source
B – Barn source
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NAEMS Monitoring Sites



NAEMS Timeline
1/04 1/06 1/071/05 1/08

Protocol development

PI selection, staffing, budgeting

Producer Signup

EPA’s review of Consent Agreements

Data collection (2 yrs)

1/09 1/10

EPA’s Development of Emission Estimation Methodologies EEM

Site setup

EPA’s QAPP review

QAPP development Site selection, SOPs, SMPs

NAEMSNAEMS

Equipment acquisition

Today
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Following the mobile lab method observed in the U.K. we began setting up continuous monitoring equipment in 1994 and have conducted a series of projects that have prepared several Universities somewhat for the challenges that face us in the U.S.  This experience has shown that basic principles of industrial air pollution monitoring methods, EPA methods, and quality control and quality assurance (QAQC) can improve the quality of emission data. The EPA methods study occurred surrendipitously just prior to large scale tests that utilized the methods that were tested and refined. The first project was associated with the barn measurements required by the EPA/PSF consent decree.  The second project was a six-state emissions study. We directed the barn monitoring required by the recent Buckeye Consent Decree, getting started on it in 2004. There is a very large emission project that is proposed to begin in 2005 and that will involve six to ten universities.

Industry then federal $.  
Much of this data new and unpublished.  Need it now!
Huge advancement of science:  Much has been learned.  
EPA methods have been used more and more.
QAQC has been used more and more.
Better and better accuracy of direct measurements.
Data more and more valuable for developing process based models.
CD is available with published data from this research.
Barns represents all the PM emissions from confined CAFOs.
Many barns include storage facilities (deep pit swine, broiler houses, high-rise layers).
University-based mobile lab research in the U.S.
Swine in 1990s.
Layer houses in 2000s.  Swine and poultry.







Using the NAEMS Infrastructure

Continue emission monitoring using 
NAEMS infrastructure and expertise.
Refine GHG measurement methods.
Validate of GHG emission models.
Measure all sources on the farm.
Test mitigation strategies.
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