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Ammonia Emissions from Broiler 

Operations Higher than Previously 

Thought 

Executive Summary 

The Chesapeake Bay has long suffered from algae blooms, dead zones, and other effects on 

aquatic life that are caused by excess nitrogen and phosphorus pollution. The Total 

Maximum Daily Load (TMDL), often described as a “pollution diet” for the Bay, has 

resulted in significant pollution reductions, but further reductions will be necessary to 

restore the health of the Bay.   

Ammonia, the pungent gas released from animal waste, is responsible for a significant 

fraction of the nitrogen load to the Chesapeake Bay each year. Airborne nitrogen is 

responsible for roughly one third of the nitrogen load. Historically, most of that nitrogen has 

been in the form of nitrogen oxides (NOx) from fossil fuel combustion and other sources. 

Clean Air Act regulations have produced steady declines in NOx, but ammonia has been 

increasing, and ammonia will soon be the dominant form of atmospheric nitrogen loads.  

The largest source of ammonia emissions 

is livestock waste, and a large component 

of that source category comes from the 

factory farms that produce broiler 

chickens. Since ammonia from broilers is 

a significant pollution problem, we 

attempted to determine whether the 

Environmental Protection Agency was 

accurately estimating these emissions in 

its TMDL model. This report reaches the 

following conclusions: 

1. Broiler barns emit much more ammonia than EPA has traditionally assumed. The 

Chesapeake Bay model assumes that local broiler confinements emit the same 

amount of ammonia, per broiler, as similar facilities in Europe. Yet we know that 

American broiler emissions are much higher than European broiler emissions. This 

is due to a number of factors: We raise larger birds, and larger birds emit more 

A broiler chicken operation located on Maryland’s 

Eastern Shore. 
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ammonia; we re-use the bedding (litter) in broiler confinements much more than 

European operations; and we raise our broilers in a warmer climate. 

2. EPA has traditionally assumed that broilers emit 0.27 grams of ammonia per bird, 

per day. Based on our survey of the literature on American broiler operations, we 

believe that a more realistic estimate is 0.54 grams of ammonia per bird, per day.  

3. Using alternative emissions factors, ammonia emissions are equal to 34.3 grams of 

ammonia per broiler sold, or 14.2 grams of ammonia for every kilogram of broiler 

sold. 

4. Applying these factors to broiler statistics for the Bay states, we determined that 

actual ammonia emissions are roughly twice as high as what EPA assumes: EPA’s 

emissions factor predicts emissions of roughly 20,000 tons per year, while our factors 

predict emissions of roughly 40,000 tons per year.  

5. A typical broiler CAFO on the Delmarva Peninsula – producing 500,000 broilers 

each year at an average weight of six pounds – is likely emitting between 19 and 24 

tons of ammonia each year. Yet EPA’s emissions factor would only predict 12 tons. 

In order to ensure that the EPA is accurately accounting for this important source of 

pollution, we urge EPA to clarify its assumptions about broiler confinement emissions, and 

if necessary adjust its assumptions to reflect the current state of the science with regard to 

American broiler operations. 

Introduction 

Ammonia emissions from factory farms present a clear threat to environmental quality. The 

prime example of this threat may be the Chesapeake Bay, where ammonia is a major 

contributor to persistent algae blooms and dead zones. According the U.S. EPA’s Total 

Maximum Daily Load (TMDL) for the Chesapeake Bay, “[a]ir sources contribute about a 

third of the total nitrogen loads delivered to the [] Bay.”1 Specifically, using the models they 

had at the time, EPA estimated that atmospheric deposition was responsible for 31-36% of 

the total nitrogen load. Of that, the majority (78-81%) was deposited on land or non-tidal 

waterways and then transported to the Bay.2  

Nitrogen deposits in various forms, mainly nitrogen oxides (NOx) and ammonia. Table 1 

shows TMDL estimates of nitrogen deposition over time. Two things stand out. First, while 

NOx has historically been the dominant source of nitrogen deposition, ammonia is expected 

to be the dominant source now or in the near future. Second, while NOx deposition is 

falling over time, and wet ammonia deposition (ammonia that falls with precipitation) is 
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roughly constant, dry ammonia deposition (ammonia that deposits in gaseous form) is 

increasing.  

Table 1. Atmospheric deposition loads of nitrogen (millions of pounds 
as N) to the Chesapeake Bay watershed. Adapted from TMDL Table L -
3. 3 

Year 
Dry 

NOx 

Wet 

NOx 

Dry 

ammonia 

Wet 

ammonia 
Total N Ammonia/total 

1985 293 154 66 79 592 24% 

2002 208 102 66 76 452 31% 

2010 135 67 85 73 360 44% 

2020 97 50 98 76 321 54% 

 

The TMDL estimates in Table 1 suggest that ammonia deposition is currently responsible 

for roughly half of the atmospheric contribution, or roughly 17%, of the total nitrogen loads 

to the Bay.4 

 

Why are ammonia emissions and deposition increasing? 
 
Ammonia deposition is increasing for two reasons. First, changes in atmospheric chemistry, 

including a decline in atmospheric NOx concentrations, increase the likelihood that ambient 

ammonia will deposit in gaseous form. Second, ammonia emissions are increasing, due 

mainly to an increase in animal production and a parallel increase in manure production.5  

Ammonia is a highly reactive gas that tends to form fine particles by combing with NOx 

and other gases in the air.6 As NOx emissions fall, less ammonia is “captured” in fine 

particle formation. This is significant because gaseous ammonia has a short residence time 

in the atmosphere and deposits close to the source of emissions, while fine particles stay 

aloft for much longer and can travel far from the source.7 The steep decline in NOx levels is 

a major victory for public health, helping to reduce smog and acid rain as well as the deadly 

fine particles linked to heart disease and premature death. NOx is also contributing less to 

nitrogen loadings in the Bay as emissions decline. But those water quality benefits will be 

largely offset by increases in the local deposition of ammonia no longer reacting with NOx 

to make fine particles.     

The other factor causing an increase in ammonia deposition is the increase in ammonia 

emissions. Most of the ammonia in the air comes from agriculture. According to the most 

recent National Emissions Inventory, out of a national total of 3.9 million tons of ammonia 

that are emitted each year, 1 million tons come from synthetic fertilizer and 2.2 million tons 

come from livestock waste.8 When animal production increases, ammonia emissions also 
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increase. The Bay TMDL doesn’t include any limits on ammonia emissions from 

agriculture, although EPA estimated emissions could be cut about 30% at fairly low cost.9 

Instead, EPA is counting on the NOx reductions driven by Clean Air Act rules to keep the 

airborne nitrogen load low enough to meet cleanup goals by 2025. That scenario will be 

undermined if ammonia emissions prove to be higher than EPA expects.   

Within the livestock sector, one of the largest sources of ammonia is the production of 

chickens for meat (“broilers”). On a per-weight basis, broilers excrete more nitrogen than 

any other major animal production group – more than twice as much as pigs, and more 

than three times as much as most cows.10  

Since 2002, broiler production in the Chesapeake Bay watershed (in pounds) has increased 

by 25%, driven in part by a 17% increase in the average size of the broilers being sold (see 

Appendix A). As we show in more detail below, this has led to a large increase in ammonia 

emissions over the same time period.   

 

Estimating Ammonia Emissions from Broiler Operations 

Background 

The amount of ammonia released from broiler confinements can be estimated in different 

ways. The most direct way is to simply measure the ammonia. This has been done in 

several studies, described below. For most broiler production facilities, however, routine 

monitoring is too expensive and technically challenging. It is therefore necessary to derive 

more generic emissions estimating methods that can be applied to facilities without 

monitors. 

Methods for estimating emissions come with important trade-offs. The most accurate 

methods are complicated and data-intensive. Other methods are easier to use, but may be 

less accurate. The more complicated methods have to account for the long list of variables 

influencing emissions. To begin with, ammonia emissions from broiler CAFOs change over 

time. A typical broiler operation will raise multiple flocks of broilers each year. Older, 

heavier birds emit more ammonia than younger, smaller birds. This means that the 

emissions from a broiler house will increase as a flock of birds inside the house ages. After a 

flock is sold, the broiler house is cleaned out, either superficially (“decaking”) or with a full 

removal of built-up manure and bedding. The cleanouts produce pulses of ammonia 

emissions that depend on, among other things, the number of flocks since the last full 

cleanout. Other factors affecting ammonia emissions include temperature and humidity.  

These variables can be accounted for in emissions models, which can be either process-

based or statistical. Process-based models attempt to estimate ammonia emissions using 
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basic physical and chemical principles and the input data described above. For example, 

researchers at Carnegie Mellon University have developed a model that predicts emissions 

based on the density of livestock in a barn, the nitrogen content of the waste, and ambient 

temperature.11 Statistical models start with emissions monitoring data and attempt to predict 

emissions on the basis of a similar list of factors. The EPA draft Emissions Estimating 

Methodology (EEM) for broilers is an example of a set of statistical models.12 In the draft 

EEM, EPA presented three models of increasing complexity that used between 11 and 31 

regression coefficients, including average bird mass, confinement clean-out history, 

temperature, and humidity.13  Whether process-based or statistical, emissions models can 

only be used when all of the input variables can be quantified. This is often not possible. For 

example, we may want to estimate how much ammonia a planned, but not yet built, broiler 

CAFO will emit. We will know some things, like the number of chickens that the barns can 

hold, but we would only be guessing about variables like pounds of broilers produced each 

year, the schedule of barn cleanouts, and weather. Or we may be interested in aggregate 

emissions for a large, diverse area like the Chesapeake Bay watershed. Given the data and 

computational limitations at that scale, a complex emissions model may be too difficult to 

implement.  

The simplest way to estimate emissions is to use an “emissions factor.” Emissions factors 

are basic coefficients, expressed (for broilers) as some variation on ‘pounds of ammonia per 

chicken.’ Emissions factors can be derived from monitoring data or models, but in either 

case they are meant to approximate an average facility. Emissions factors are less precise 

than detailed models, but on the other hand they are easier to use, and they can produce 

reasonably accurate emissions totals, particularly for large areas like states or the Bay 

watershed.  

In the case of broiler confinements, emissions factors might have one of three denominators: 

 Inventory: The EPA has traditionally used an inventory-based emissions factor, 

described in more detail below, in the form of kilograms of ammonia per broiler per 

year, or kilograms of ammonia per broiler per month, with broiler “inventory” being 

the average population of broilers in a confinement, or the capacity of broiler barns 

at a confinement. At the county or state level, inventory statistics can be found in the 

USDA Census of Agriculture, which is compiled every five years.14 

 Production (Sales): It may be preferable to estimate emissions based on production 

rather than inventory. There can be several cycles or flocks of broiler production over 

the course of a year. For example, in 2012, Maryland had an average statewide 

broiler inventory of 64.2 million broilers, but it produced (sold) 304.7 million birds 

(Appendix A), suggesting that there were, on average, about five flocks of broilers at 

each confinement. In order to account for differences in the number of flocks per 
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year – differences that are not apparent in basic inventory statistics – ammonia 

emissions can be approximated as “pounds of ammonia per broiler sold.”15 

 Production (Weight): Not all broilers are the same weight when they are sold. For 

example, the average broiler in Delaware weighs almost twice as much as the 

average broiler in West Virginia (see Appendix A). And we know that larger broilers 

excrete more ammonia. So a third emissions factor would be expressed as “pounds 

of ammonia per pound of broiler sold” over the course of a year. 

In the discussion that follows we attempt to derive all three types of emissions factor from 

available monitoring studies.  

EPA Emission Factors 

The EPA has historically used an inventory-based emissions factor. Athough the Agency 

has chosen to express the factor in different ways, the factor itself was constant from as early 

as 2004 through at least 2011.  

In 2004, EPA published a draft report documenting the technical basis for its National 

Emissions Inventory (NEI). At that time, EPA expressed the ammonia emissions factor for 

broiler confinements as 0.22 pounds of ammonia per broiler per year (0.22 lb 

NH3/head/yr).16 It is important to note that this emissions factor was derived entirely from 

European studies.17 American and European agricultural practices (and meteorological 

conditions) are quite different. European broiler operations tend to replace the litter after 

each flock, while American broiler operation reuse litter for up to a year.18 European 

operations generally grow lighter birds.19 Temperatures in Europe are cooler.20 All of these 

factors cause American broiler emission rates to be significantly greater than European 

emission rates. Wheeler et al. (2006) presented seven American estimates alongside seven 

European estimates.21 The mean ammonia emissions rate from the American studies was 

0.64 pounds per broiler per year, three times higher than the mean from the European 

studies (0.21 pounds per broiler per year).22 

In the documentation for the 2011 NEI, EPA stated that it was using Carnegie Mellon’s 

emissions model, but it listed a single emissions factor for broiler confinements.23 The new 

emissions factor – 8.32E-03 kg NH3/bird-month – is, after converting kilograms to pounds 

and months to years, equal to the old emissions factor. In the documentation for the 2014 

NEI, EPA claims to have changed the way it uses the Carnegie Mellon model to estimate 

poultry emissions, but there is no evidence that the emissions factor for broiler confinements 

has changed.24  

For purposes of EPA’s Chesapeake Bay model, the Agency is using the 2011 NEI for at 

least part of its simulations,25 and maybe for all of its simulations.26 In short, it appears that 
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EPA continues to assume that broiler confinements emit 0.22 pounds of ammonia per 

broiler per year, an assumption based on outdated European data. As discussed in detail 

below, that assumption is probably far too low.  

Monitored emissions from broiler houses: Total emissions 

Ammonia emissions from broiler houses have been measured many times, in different 

locations (inside and outside the United States) and using different methods. We reviewed 

studies from within the United States in order to evaluate whether the current EPA 

emissions factor is still valid, and in order to approximate a more reasonable emissions 

factor. As a preliminary matter, it is important to note that some studies attempted to 

capture the full cycle of a broiler confinement, including the cleanout period that can cause 

a pulse in ammonia emissions, while other studies only looked at emissions while there 

were broilers in a barn. This section only looks at the studies that monitored the total 

emissions over full cycles, including the periods between flocks. The following section 

discusses studies that only looked at the grow-out period. 

NATIONAL AIR EMISSIONS MONITORING STUDY (NAEMS) 

Between 2007 and 2009, researchers working with the EPA monitored the emissions of 

ammonia and other pollutants from four broiler houses, two in California and two in 

Kentucky.27 Ammonia emissions were calculated by subtracting ambient air concentrations 

from exhaust air concentrations. In 2012, EPA released a draft Emissions-Estimating 

Methodology (EEM) for broilers.28 In that 2012 document, EPA provided the following 

simple summary statistics that include all periods (growout, decaking, and full cleanout): 

Table 2: Summary ammonia data for NAEMS broiler studies. 29 

 
Average house 

inventory 

Average daily 

emissions (lb/d-

house) 

Grams per day per 

bird 

California barn 1 21,000 22.49 0.49 

California barn 2 21,000 19.82 0.43 

Kentucky barn 1 23,000 26.76 0.53 

Kentucky barn 2 24,500 27.29 0.50 

 

It is also possible to represent NAEMS emissions as a function of broiler production 

statistics. The Kentucky study derived a sales-based emissions factor of 35.4 grams of 

ammonia per bird marketed,30 and a weight-based factor of 12.5 grams of ammonia per 

kilogram of broiler.31 The study of California barns did not provide comparable estimates, 

but the California study did provide daily data on bird counts and bird weight, from which 
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we can estimate production statistics. Appendix B provides an example of the data, and 

explains how we derived emissions factors from the data. Based on the raw data, it appears 

that production-based emissions factors for the California study would be 29 grams of 

ammonia per bird marketed, and 11 grams of ammonia per kilogram of broiler. 

MOORE ET AL. (2011)  

Moore et al. monitored four broiler barns in Arkansas in 2005 and 2006, over five flock 

cycles, including the periods between flocks.32 The authors present a production-based 

emissions estimate of 37.5 grams of ammonia per bird,33 and they also provide average bird 

weight (2.582 kg), from which a weight-based estimate can be derived (14.5 grams of 

ammonia per kg of broiler). In order to translate these values into an inventory-based 

estimate, we had to make two calculations. First, since inventory generally refers to the 

number of birds placed in a barn, rather than the number that survive to be sold, and the 

broiler in this study had a mortality rate of roughly 4 percent, we had convert 37.5 grams of 

ammonia per bird sold to 35.9 grams of ammonia per bird placed. Second, we had to 

determine how many days of emissions each bird was responsible for, including both the 

grow-out and the between-flock periods. The authors provide start dates for each of the five 

flocks in their study, from which we were able to calculate the lengths of the first four flock 

cycles (from one start date to the next).34 The average flock cycle was 70.5 days. An 

inventory-based emissions factor would therefore be roughly 35.9 grams per bird divided by 

70.5 days, or 0.51 grams of ammonia per bird per day.   
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Table 3: Summary of monitoring data and emissions factors for the full broiler cycle, including 
both grow-out and between-flock periods 

Source Location No. of 

barns 

Average age 

of flock 

(days) 

Average 

flock size 

(per barn) 

Average 

market 

weight (kg) 

g 

NH3/bird-

day 

g 

NH3/bird 

sold 

g NH3/kg 

market 

weight 

EPA (2012) CA 2 47.035 21,00036 2.6537 0.4638 29.039 11.040 

EPA (2012) KY 2 51.541 25,10042 2.7643 0.5244 35.445 12.546 

Moore et 

al. (2011) 

AR 4 50.447 26,30048 2.5849 0.5150 37.551 14.552 
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Monitored Emissions from Broiler Houses: Grow-Out Period Only 

Several studies have measured ammonia emissions during the grow-out period only (i.e., 

not during the between-flock barn cleanouts). Lacey et al. (2003) measured ammonia 

emissions from four broiler houses in Texas in 2000, and derived an emissions factor of 31 

grams of ammonia per bird.53 Siefert et al. have published two studies on the Delmarva 

peninsula with quite different results. The first study, published in 2004, derived an 

emissions factor of 38 grams of ammonia per bird, while the second study, published in 

2008, derived an emissions factor of just 5 grams of ammonia per bird. The authors attribute 

the difference in part to the fact that the newer study took place at a tunnel-ventilated broiler 

barn, while the earlier study took place at a side-wall ventilated house.54 Yet all of the 

studies in Table 4, below, with the exception of the 2004 Siefert et al. study, were conducted 

at tunnel-ventilated houses, and all show much higher emissions rates. The 2008 Siefert and 

Scudlark study appears to be an outlier for some other reason, which may include errors in 

the analysis. Wheeler et al. (2006),55 in a study funded by the U.S. Department of 

Agriculture, measured ammonia emissions from twelve barns in Pennsylvania and 

Kentucky in 2002 and 2003. The authors only assessed emissions during the grow-out 

period, but found a relatively wide range of daily emissions rates, from 0.47 to 0.98 grams of 

ammonia per bird per day. Miles et al. (2014) measured ammonia emissions from a single 

barn in Mississippi in 2007 over the course of five flocks.56  
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Table 4: Summary of monitoring data and emissions factors for only the grow -out period 

Source Location No. 

of 

barns 

Average 

age of flock 

(days) 

Average flock 

size (per 

barn) 

Average 

weight 

(kg) 

g NH3/ 

bird-day 

g NH3/ 

bird 

sold 

g NH3/kg 

market 

weight 

Lacey et al. 200357 TX 4 49 27,500 2.4 0.6358 31.0 12.959 

Siefert et al. 200460 MD 1 42 11,155 
not 

available 
0.9061 37.862 not available 

Wheeler et al. 200663 PA 4 42 32,600 2.2 0.5664 23.565 10.766 

Wheeler et al. 200667 KY 4 56 22,500 2.9 0.8768 49.569 16.870 

Siefert and Scudlark 

200871 

Delmarva 

Peninsula 
1 42 18,600 

not 

available 
0.1272 5.273 not available 

Miles et al. 201474 MS 1 43 27,860 2.27 0.54 23.5 10.475 
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The studies that monitored total, full-cycle emissions (Table 3) also segregated emissions 

between the grow-out and between-flock periods, which allows us to derive scaling factors 

between grow-out emissions and total emissions. For production-based emissions factors, 

the scaling factor will be a multiplier that increases the emissions factor, because each 

broiler is responsible for between-flock emissions that are always additive to grow-out 

emissions. For an inventory-based emissions factor, the scaling factor could theoretically 

result in an increase or a decrease in the amount of ammonia emitted per bird per day. 

Although peak emissions during the clean-out or decaking of a barn will often be higher 

than peak emissions during the grow-out period, the average daily emission rate over the 

entire between-flock period may be lower than the average daily emission rate during the 

grow-out period. Tables 5 and 6 compare grow-out and total emissions from studies with 

available data. These tables show that total emissions are roughly 21% higher than 

emissions from the grow-out period only, and that the total daily emissions rate over the 

entire flock cycle is roughly 7% lower than the daily emissions rate during the grow-out 

period. 
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Table 5: Total emissions compared to emissions for the grow-out 
period 

Study 
Grow-out 

emissions 
Total emissions 

Total emissions / 

grow-out 

emissions 

Moore et al. (2011)76 28.37 g NH3/bird 37.46 g NH3/bird 1.32 

EPA (2012), California 

barns77 
4,049.48 kg NH3 4,466.41 kg NH3 1.10 

EPA (2012), Kentucky 

barns78 
3,619.62 kg NH3 4,373.08 kg NH3 1.21 

Average ratio 

(scaling factor) 
  1.21 

  

Table 6: Total emissions rates compared to emissions rates for the 
grow-out period 

Study Grow-out 

emissions rate, 

g/bird-day 

Total emissions 

rate, 

g/bird-day 

Total emissions 

rate / grow-out 

emissions rate 

Moore et al. (2011)79 0.5680 0.5181 0.91 

EPA (2012), California 

barns82 
0.5083 0.4684 0.92 

EPA (2012), Kentucky 

barns85 
0.5686 0.5287 0.95 

Average ratio  

(scaling factor) 
  0.93 

 

Using the scaling factors shown in Tables 5 and 6, we combined the emissions estimates 

from Table 3 with adjusted emissions estimates from Table 4 to derive average emissions 

factors from all of the literature values. Table 7 shows this derivation.  
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Table 7: Combined emissions factors  

Study Grams of 

ammonia per bird, 

per day 

Grams of 

ammonia per bird 

marketed 

Grams of 

ammonia per kg of 

market weight 

EPA (2012),88 CA 0.46 29.0 11.0 

EPA (2012), KY 0.52 35.4 12.5 

Moore et al. (2011)89 0.51 37.5 14.5 

Lacey et al. (2003)90 0.59 37.5 15.6 

Siefert et al. (2004)91 0.84 45.7 not available 

Wheeler et al. (2006),92 

PA 
0.52 28.4 13.0 

Wheeler et al. (2006), 

KY 
0.81 59.9 20.3 

Siefert and Scudlark 

(2008)93 
0.11 6.3 not available 

Miles et al. (2014)94 0.50 28.4 12.6 

Average value 0.54 34.3 14.2 

Note: Highlighted cells are based on values in Table 4, but adjusted with the scaling factors shown in Tables 5 and 6. 

The studies shown in Table 7 are mutually consistent, which increases the reliability of the 

combined estimates. Most studies predict daily emissions of between 0.4 and 0.6 grams of 

ammonia per bird. The lowest (0.11 grams per bird per day) and highest (0.84 grams per 

bird per day) estimates were both generated by Siefert et al., and do not change the overall 

average value. Similarly, total emissions are generally in the range of 30-60 grams of 

ammonia per bird, or 10-20 grams of ammonia per kilogram of broiler weight. In short, the 

range of estimates is generally within a factor of two, which is comparable to (or better) than 

the data used to develop emissions factors for most other industries.95  

Broiler Emissions in the Chesapeake Bay Watershed 

Using the emissions factors derived in the preceding sections and the broiler statistics shown 

in Appendix A, we estimated the ammonia emissions from broiler confinements in the 

Chesapeake Bay states  in 2002, 2007 and 2012 (all years for which broiler inventory data 

are available), and also 2016 (the most recent year with production statistics). Table 8 
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compares our estimates with emissions estimated using the most recent obtainable EPA 

method (the 2011 NEI method). It should be noted that the 2011 NEI method and our 

inventory-based emissions factor can be directly compared, as they both use broiler 

inventory statistics. The NEI method is equivalent to 0.27 grams of ammonia per bird, per 

day. Based on the monitoring data described above, EPA’s NEI factor is much too low, and 

the true factor should be roughly twice as large, at 0.54 grams of ammonia per bird, per day. 

Total emissions estimates presented in Table 8 reflect this difference. 

Table 8: Ammonia emissions (tons) from broiler confinements in the 
Chesapeake Bay states using different emissions factors  

 2011 NEI method Emissions factors derived from monitoring data, as described 

above 

Year 8.32E-03 kg 

NH3/bird-month 

0.54 g NH3/bird-

d 

34.3 g NH3/bird 

marketed 

14.2 g NH3/kg of 

market weight 

2002 19,370 38,239 38,944 37,460 

2007 22,088 43,605 38,981 40,314 

2012 20,888 41,237 38,339 40,861 

2016   41,628 47,009 

 

Table 8 shows that broiler confinements in the Chesapeake Bay watershed emit roughly 

40,000 tons of ammonia each year, and that the amount is increasing over time. The three 

emissions factors that we derived produce roughly comparable results, within 5 or 10 

percent of each other, for any given year. Table 8 also shows that the NEI emissions factor 

for broiler operations is outdated and too low, estimating half as much ammonia as the 

three factors that we derived. 

Discussion 

We estimate that broiler confinements in the Chesapeake Bay watershed emit roughly 

40,000 tons of ammonia each year. For comparison, the 2014 NEI estimated that ammonia 

emissions from all livestock waste totaled 96,000 tons,96 and EPA’s most recent estimate of 

ammonia deposition in the watershed is 81,000 tons.97 Broilers are clearly a large part of the 

ammonia problem, and it is important that the Bay model get this part of the puzzle right. 

An outdated emissions factor based on European agricultural practices is not the right fit for 

today’s Chesapeake Bay. 

It helps to frame these estimates in terms of a typical broiler CAFO. We have previously 

reported on data found in “Annual Implementation Reports” for broiler CAFOs on 

Maryland’s Eastern Shore.98 Based on these reports, a typical Eastern Shore broiler CAFO 
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might have an inventory of 110,000 broilers and raise 4.8 flocks per year. If we assume 3% 

mortality,99 this CAFO would produce 512,160 broilers per year, at an average weight of 

about 6 pounds (see Appendix A), thus producing just over 3 million pounds of broilers per 

year. According to the 2011 NEI emissions factor, this CAFO would emit 12 tons of 

ammonia per year. According to the emissions factors that we derived, this CAFO would 

actually emit between 19 and 24 tons of ammonia per year. 

Our estimates are based on monitoring studies, but they agree well with mass-balance 

estimates of ammonia emissions. Coufal et al. (2006) measured all nitrogen inputs and 

outputs over eighteen flocks at a Texas broiler barn.100 Overall, these authors determined 

that ammonia losses totaled 13.5 grams per kilogram of broiler weight,101 very close to our 

estimated emissions factor of 14.2 grams per kilogram (Table 7). 

The use of litter amendments can help to reduce ammonia emissions to some degree. For 

example, in a doctoral dissertation on this topic, Senyondo found that small experimental 

broiler flocks treated with a biodegradable litter amendment made from corn cobs had 

ammonia emission that were, on average, 27% lower than control flocks.102 The 

effectiveness diminished over the course of five flocks as the litter was left in place, and by 

the fifth flock the treatment emissions were actually higher than the control emissions.103 

Another study evaluated the effectiveness of three alum treatments, and found that average 

weekly emissions were between 9 and 34% lower from alum-treated barns than from a 

control barn.104   

Some of the studies that we included in this report did not use litter amendments (e.g., the 

EPA NAEMS study), others included a mix of barns that did or did not used litter 

amendments (e.g., Wheeler et al., 2006),105 and others did not specify whether amendments 

were used. If the use of litter amendments is more widespread in the Chesapeake Bay 

watershed than it was in the studies we evaluated, then actual emissions may be slightly 

lower than we predict. However, this variable does not significantly affect our conclusions: 

We do not know the extent of litter amendment in the Bay watershed, but even if its use is 

widespread, the resulting reduction in emissions is presumably less than a third (since at 

least some of the data in this report was based on amended litter). This means that even in a 

best-case scenario, emissions are still significantly higher than EPA has traditionally 

assumed. 

Given the possibility that EPA is underestimating a significant component of the 

Chesapeake Bay’s nitrogen load, the Agency should more clearly explain how much 

ammonia it assumes to be escaping from broiler confinements. If EPA is still relying on 

outdated emissions factors based on European agricultural practices, it should revise its 

assumptions to reflect what we now know about ammonia emissions from American broiler 

operations.
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Appendix A: Broiler statistics for the Chesapeake Bay 

Watershed 

Data for inventory and birds sold through 2012 are from the USDA Census of Agriculture, 

which is compiled every five years.106 Data for pounds of broilers produced, and for birds 

sold in 2016, are from USDA Poultry Production and Value summaries, which are 

produced each year.107 

Table A1: Inventory and production of broiler chickens in Chesapeake Bay 

states 
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Appendix B: Deriving production-based ammonia emissions 

factors from the California NAEMS study 

The National Air Emissions Monitoring Study (NAEMS) included two broiler studies, one 

in California and one in Kentucky.108 The Kentucky study authors provided summary 

estimates of ammonia emissions per bird marketed and bird kilogram of bird weight.109 The 

California study did not provide comparable estimates, but did provide raw data from which 

these estimates can be derived. Figure B1, below, shows an example of the California data. 

At the end of a flock cycle, the inventory typically declines gradually and then drops off 

sharply; in Figure B1, house H10 had 20,463 birds on April 11-14, and then 2,558 on the 

next day (April 15). We assumed that the number of birds produced in each flock cycle was 

the last ‘large’ inventory number. In Figure B1, for example, we would assume that 20,463 

birds were sold on April 14-15, each weighing an average of 2.69 kilograms.  

Daily emissions estimates included both days with broilers in the barns (“grow-out” period), 

and days between flocks (“clean-out” or “decaking” period), but were only available for 

60% of the 792-day study period. To estimate total emissions over all 792 days, we 

multiplied the average daily emissions estimate for each barn by the total number of study 

days, under the assumption that the days with emissions estimates were representative of 

the days without emissions estimates. With these assumptions in mind, Table B1 shows the 

calculation of production-based emissions estimates for the two California barns. 

 

 

  



 
 

19 

 

Figure B1: Sample animal characteristic data for California broiler barns in 

the NAEMS study. 110 
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Table B1: Calculating production-based ammonia emissions factors.  

 

Note: Data were taken from the California study report.111 “Birds produced” and “average bird mass” 

were assumed to be equal to the last day in a flock cycle with a large number of birds. Highlighted cells 

in the following table were calculated from the raw data. 
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