
Field measurements of gaseous emissions in livestock buildings: A new approach using mass 
balance to improve accuracy

𝐶𝑇𝑜𝑡𝑎𝑙_𝐼𝑛𝑝𝑢𝑡 = 𝐶𝐿𝑊𝐼𝑛𝑖𝑡𝑖𝑎𝑙
+ 𝐶𝐹𝑒𝑒𝑑 + 𝐶𝐵𝑒𝑑𝑑𝑖𝑛𝑔 + 𝐶𝐻𝑒𝑎𝑡𝑖𝑛𝑔

𝐶𝑇𝑜𝑡𝑎𝑙_𝑂𝑢𝑝𝑢𝑡 = 𝐶𝐿𝑊𝐹𝑖𝑛𝑎𝑙
+ 𝐶𝐷𝑒𝑎𝑡ℎ + 𝐶𝑀𝑎𝑛𝑢𝑟𝑒 + 𝐶_𝐶𝑂2_𝐻𝑒𝑎𝑡𝑖𝑛𝑔 + 𝐶_𝐶𝑂2_𝐸+𝑀

4- Calculate the carbon mass balance to improve measurement accuracy 5- Calculate adjusted CO2 emissions 6- Perspectives
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Hourly CO2 emissions calculated 

from CO2 concentrations

What about uncertainty?

Agriculture is a major contributor to global gaseous emissions: 
- Greenhouse gases (GHGs) such as carbon dioxide (CO₂), methane (CH₄), 

and nitrous oxide (N₂O)
- Ammonia (NH₃), which decreases air quality

of global emissions

 Assessing these major sources in livestock buildings is crucial in order for 
reliable emission reductions from these facilities, which are essential to drive 

effective mitigation strategies.

The present study involved calculating the following (see Approach below):

- Cumulative emissions and their uncertainties (to improve precision)

- Independent carbon mass balance, to improve measurement accuracy

- Adjusted gaseous emissions, which has improved measurement accuracy

1- Context and objectives

Δ ≈ 20%

3- Calculate emission
uncertainties

CH4
N2O

CO2NH3

E+M: Excretion + Manure
LW: Live Weight
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Carbon input

Carbon output

High precision ≈ 2%
(experimental farm)

 Calculate adjusted 
NH3 and N2O 
emissions 

 Calculate 
uncertainties in 
adjusted emissions 
and carbon mass 
balance

Measurement accuracy 
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Cumulative CO2 emissions calculated 
from CO2 concentrations
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Cumulative CO2 emissions and uncertainty

Cumulative CO2 emission
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2- Material and method

Approach to improve measurement  accuracy

Measurements
(CO2, CH4, N2O, NH3)
 GestCO2 dataset

Good precision

Change variables iteratively to 
decrease the bias (e.g., airflow 

rate, metabolic water, heat 
budget, water consumption)

Difference between       
𝑸𝑪𝑶

𝟐
and 𝑸𝑪𝑶

𝟐
decreased?

Calculate the carbon budget 
to estimate CO2 emissions 

more accurately (CH4

emissions low in poultry 
houses)

Difference between 𝑸𝑪𝑶𝟐

and 𝑸𝑪𝑶𝟐
?

Calculate gaseous 
emissions

(CO2, CH4, N2O, NH3)

Measurement bias?

Calculate adjusted CO2

emissions based on the 
modified variables

Measurement accuracy 
enhanced!!!

Concentrations (Box 2) Emissions (Box 2)
Mass balance (Box 4)

Variables iterations (Box 5)

Adjusted emissions (Box 5)
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Adjusted

Hourly measurements taken and cumulative emissions calculated for 32 days:

Analysis of the GestCO2 dataset: (Brittany, 2017; https://doi.org/10.15454/FQO7VA)

- Poultry house: mechanically ventilated

- Continuous and intermittent measurements performed by well-trained staff

Uncertainty was due mainly to 
𝑸𝒂𝒊𝒓 and gas concentrations 

(𝑪𝑪𝑶𝟐_𝒊𝒏
and 𝑪𝑪𝑶𝟐_𝒐𝒖𝒕

)

Uncertainty of each term:

Calculate uncertainties (Box 6)Calculate uncertainty (Box 3)

Why carbon? The total masses of carbon 
input and output provide independent and 
traceable measurements of carbon losses.

CO2 emissions closer
to the true emissions

Measuring uncertainty (GUM method):

𝑸𝒂𝒊𝒓: airflow rate
𝝆𝒂𝒊𝒓: air density
𝑪𝑪𝑶

𝟐
: CO2 concentrations

inside and outside
N: number of poultry

Measurand

https://doi.org/10.15454/FQO7VA

