
Not Bot Horti Agrobo, 2013, 41(2):576-581

Print ISSN 0255-965X; Electronic 1842-4309

Available online at www.notulaebotanicae.ro 

Notulae Botanicae Horti Agrobotanici
Cluj-Napoca

Evaluation of Greenhouse Gas Emission from Animal Manure 
Using the Closed Chamber Method for Gas Fluxes

Sebastian-Călin VAC1*, Gabriela-Emilia POPIŢA2, Nicolae FRUNZETI2, Antoanela POPOVICI3

1University of Agricultural Sciences and Veterinary Medicine, Faculty of Agriculture, 3-5 Calea Mănăştur 
Street, 400372, Cluj-Napoca, Romania; calinvac@yahoo.com (*corresponding author)

2Babeș Bolyai University, Faculty of Environmental Science and Engineering, 30 Fântânele 
Street, 400294 Cluj-Napoca, Romania; gabi.popita@yahoo.com

3Tehnical University, Faculty of Materials and Environmental Engineering, 103-105 Bd. Muncii Street, 400641 Cluj-Napoca, Romania

Abstract 

Animal manure is an important source of anthropogenic GHG (greenhouse gas): methane (CH4), nitrous oxide (N2O) and carbon 
dioxide (CO2). The livestock contributes with 37% of global CH4 emission. The sources of GHG (CO2 and CH4) are the liquid 
manure or slurry storage and the compact solid manure. Measurement systems of GHG emission are important for the selection of the 
appropriate technology. By using the closed chamber method for soil, landfills, volcanoes etc., the present study evaluates the estimation 
of total emissions of methane and carbon dioxide from an experimental farm in Cluj County, Romania. The investigated area covered 
with sheep solid manure was about 579 m2 and ~5 cm thick, for cattle was about 12 m2 and 5 m thick and for swine was about 1.5 m5 
and 0.5 m thick. The total methane emission measured for sheep manure was 0.83 t CH4/year and for cattle manure was 0.185 t CH4/
year. The total carbon dioxide emission measured for sheep manure was 61.3 t CO2/year and for cattle manure was 4.7 t CO2/year. The 
measurement for pigs manure was high and this could be due to the freshness of the manure. The estimated emissions showed that a 
considerable amount of CH4 and CO2 is produced also by an experimental farm and an appropriate management of manure is important 
for reducing greenhouse gas. In this respect, we believe that the future solution for a green economy is to use manure in biogas plants.
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Introduction

Currently, a lot of attention is given to environmental 
management in the intensive livestock farming, due to the 
environmental impact caused by the agriculture. Accord-
ing to Romanian legislation are considered greenhouse 
gases the following: carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), hydro-fluorocarbons, per-
fluorocarbons and sulfur-hexafluoride (SF6) (GD 780, 
2006).

The total amount of produced manure at a farm, for 
each type of animal can be estimated as the average be-
tween the amount of produced manure per animal, and 
the number of animals (IPCC, 2006). Liquid manure or 
slurry storage and the compact solid manure are important 
sources of GHG components (CO2 and CH4) (IPCC, 
2001). The livestock contributes with 37% of global CH4 
emission (IPCC, 2001).

The manure management is estimated as one of the 
primary sources of methane from agricultural emissions 
(Pattey et al., 2005). The composition of manure depends 
of the animal’s dietary regime and the environmental con-
ditions in which the fermentation processes occurred, and 
generally the manure is composed by different amount of 
organic material and water (Flynn et al., 2007). Different 

parameters of the manure (pH, NH4+) may contribute to 
the production of different amounts of methane (Park et 
al., 2006). The amount of produced methane is influenced 
by climate (temperature and rainfall) and by manure man-
agement ( Jun et al., 1996). The storage of manure has a 
significant contribution to global methane emissions 
(Møller et al., 2004).

In Romania, according to the NIR (National Inven-
tory Report) of GHG Inventory, in 2010, the agriculture 
sector accounted for 13.79% of the total GHG emis-
sions. As reported, in 2010, N2O emissions contribution 
from the agricultural sector was 51.98% (CO2 equivalent 
emissions), followed by the CH4 emissions (48.02% CO2 
equivalent emissions). The enteric fermentation represent-
ed 45.14% from the contribution of the sub-sectors in the 
total GHG emissions from agriculture, while the manure 
management contribution was 6.86% (NIR, 2012).

Emissions from agriculture are often diffuse and hard 
to measure, so models are created to estimate them when 
the measurements are not possible. The best available tech-
niques are focused on issues relating to the environment 
associated with the intensive rearing of poultry and swine 
and the priority are the emissions of ammonia (NH3), also 
emissions of N and P in soil and water (groundwater or 
surface) (Proorocu, 2008).
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as landfills, soil, volcanoes and the method is widely de-
scribed in the literature (Padron et al., 2008; Frunzeti and 

Baciu, 2012). The authors applied this method for the 
solid manure as a new and easy possibility to measure the 
GHG emissions from livestock. 

The measurements were made with the portable device 
used for the flux measurement (diffusion) (Fig. 3). The 
components of the portable device are the following: ac-
cumulation chamber with separate detectors for methane 
and carbon dioxide, pump, batteries, motherboard and 
palmtop.

The device is based on a system of methane detection 
sensors (with lower detection limit of 1 ppm and 1 ppm 
resolution), data being transmitted through wireless net-
work to a Palmtop PC. The methane sensor includes three 
detectors: a semiconductor detector (range 0-2,000 ppmv, 
detection limit 1 ppmv, resolution 1 ppmv), a catalytic de-
tector (range 2,000 ppmv – 3% v/v) and a thermal con-
ductivity (range 3-100% v/v) detector. The detector for 
CO2 is an infrared sensor with double beam (LI-COR) 
with a range of 0 to 20,000 ppmv (Popita, 2012). 

Data is stored and the calculated flow (calculations are 
based on a linear regression) is displayed in real time. The 
system detects low methane flow (the order of several tens 
of mg CH4 m-2 day-1 in 10-15 minutes) (Popita, 2012).

The closed chamber method is easy to operate and 
useful for addressing research objectives needing spatial 
and temporal variability of fluxes at a small scale (Popita, 
2012). 

Chambers are very well suited for in situ measurements 
regarding surface-atmosphere trace gas exchange (Livings-
ton and Hutchinson, 1995). The method assumes sealing 
the emitted gas which accumulates inside the chamber 
(Abichou et al., 2006).

To measure the flow of methane and carbon dioxide, 
the accumulation chamber was located on the solid ma-
nure in the established measurement points, ensuring that 
it is well insulated from the influence of atmospheric air. 
The measurement of the two gas fluxes is performed by 
placing the chamber on the surface of the manure, with no 
leaks, for approximately 2-4 minutes. Between measure-

The GHG reducing emissions, under Kyoto Protocol 
is also a very important issue. The Kyoto Protocol Frame-
work considered that all stages of manure management: 
collection, storage, treatment and field application to have 
a significant potential in GHG emission reduction (Kar-
makara et al., 2007; Kyoto Protocol, 1998). 

One of the solutions to reduce GHG emissions is to 
promote RES (renewable energy sources); in this case, 
biogas plants. Among alternative energy sources, biogas 
technology, uniquely, can produce energy from materials 
whose storage present environmental hazards today. The 
green certificates obtained by the support scheme, make 
the investments in this area more accessible and increase 
the return on investment (Vac, 2012).

Therefore, the present study approaches the green-
house gases emissions provided from solid manure in live-
stock farming, in order to demonstrate the sustainability 
of green investitions. For the study, an experimental farm 
from Turda, Cluj County, Romania, was chosen. The 
methane and carbon dioxide emission from animal ma-
nure were quantified with in situ measurements, by using 
the closed chamber method. 

The regular national inventory emission is based on 
IPCC estimation method (GD 1570, 2007) which is 
not an experimental one. This experimental method was 
applied based on the author’s experience versus the esti-
mation method, namely that the experimental method 
is closer to the environmental local factors (climate, geo-
graphic indicators, customs etc.) than the estimation one 
(Popita, 2012). 

The aim of the study is to promote the experimental 
method and to prove that even an experimental farm con-
tributes to the GHG emissions. If the stakeholders would 
know exactly their activity emissions, a financial plan re-
garding the investments into a biogas plant could be made, 
as an advantage of both: stakeholder and environment.

Materials and methods

The site location
This study is focused on field measurement of CH4 and 

CO2 emissions on cows, sheep and swine’s manure from 
an experimental farm in Turda, Cluj County, Romania 
(46°34”58.36’ N and 23°47”10.09’ E). The farm belongs 
to the University of Agricultural Sciences and Veterinary 
Medicine and it is situated in the South-Western part of 
Cluj County (Fig. 1).

For this study, the manure resulted from the raising of 
maximum (under the capacity of the farm) 400 swines, 
600 sheep and 10 cows was taken into account.

The emissions measurements
The total emissions of methane and carbon dioxide 

were estimated by using the closed chamber method (Fig. 
2). This is the most frequently used method for the mea-
surement of gas fluxes from different environments such 

Fig. 1. The experimental farm location in Turda, Cluj County, 
Romania (Google Earth)
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ment intervals, the gas is trapped into the accumulation 
chamber and the pump guided it through the detectors of 
methane and carbon dioxide, which transmit the recorded 
data to the portable computer.

Flux Manager, the software installed on the laptop, 
allows the recording of the flow curves of methane and 
carbon dioxide in real time and flow calculation. This in-
formation is also stored into the memory card, which can 

be used later on another computer for analysis (Popita, 
2012). 

The structure of the portable device used for the mea-
surements was represented in Fig. 3. 

Fig. 3. The portable device used for the measurements

The linear regression can be used to calculate the gas 
flux by the equation, if the rate of increase in gas concen-
tration inside the chamber is constant (Livingston and 
Hutchinson, 1995):

where: Vc (m3) is the volume of the chamber; Ac (m2) is the 
footprint area of the chamber; c1 and c2 (mg ∙ m-3) are gas 
concentrations at time t1 and t2 respectively (days).

The Flux Manager Software application is controlling 
the portable device and it can measure the CH4 and CO2 
fluxes in ppm/sec. 

The values were transformed from ppm/sec to g ∙ m-2 ∙ 
day-1, using the following equation:

where: F is the flux of methane or carbon dioxide [g ∙ m-2 

∙ day-1]; P is the barometric pressure [mBar, hPas]; R is the 
universal gas constant, 0.08314510 [(barL)/K]/mol; V is 

the volume of the accumulation chamber; A is the area of 
the accumulation chamber; T is the temperature in °C; a 
is the angular coefficient [ppm/sec]; M is the molecular 
weight of the gas (CH4 = 16, and CO2 = 44).

According to the Guidance on monitoring landfill gas 
surface (USEPA, 1986), the number of flux measurements 
which is required from an area depends on the size of the 
investigated area, and can be evaluated using the following 
formula:
where: n is the required number of field measurements 

and Z is the size of the investigated area (m2).
The manure surface for sheep was 579 m2, therefore, 

the required number of measurements was ~10. In order 
to improve the quality of the results, a number of 12 mea-
surements were performed.

For cattle the investigated area was 12 m2, so the re-
quired number of measurements was ~7, and here a num-
ber of 5 measurements were performed. The total gas emis-
sion was estimated by multiplying the average value by the 
surface area. 

The swine manure was stored in a tank, with a small 
surface about 1.5 m2. For this reason, two measurements 
were made. The manure was fresh and the values were very 
high. The measurements need to be repeated to can assure 
the accuracy of the estimated value of gas emission. 

For sheep manure, the total output of CH4 and CO2 
from the measured area was derived from Surfer 10 soft-
ware developed by Golden Software, by using the Natural 
Neighbor interpolation. This method is well suited for ir-
regularly spaced points with heterogeneous fluxes (Frun-
zeti and Baciu, 2012).

Results and discussion

For sheep, the emission calculated for the surface of 
579 m2 (the average thickness of the manure was about 5 
cm) were: 61.3 t CO2/year and 0.83 t CH4/year. 

The statistical parameters for CO2 and CH4  flux for 
the sheep manure was presented in the Tab. 1. The values 
for carbon dioxide are ~ 80 times higher than for methane. 
The values of the kurtosis show if the data has a normal 
distribution. The skewness shows if the curves are sym-
metrical or not and the kurtosis if the curves are peaky.

The contour surface map for the measurements per-
formed inside the sheep stable produced by using Surfer 
software is presented in Fig. 4. The map includes the distri-
bution of measuring points and flux values in g∙m-2∙day-1. 
The values of the carbon dioxide fluxes were higher than 
methane fluxes (Fig. 4 and Tab. 1). Carbon dioxide and 
methane fluxes were heterogeneous distributed, but the 
areas with the highest carbon dioxide fluxes corresponded 
with the areas with the highest values for methane flux-
es, with a mean value of 3.78 g m-2 day-1 for methane and 

Fig. 2. The portable device for the methane and carbon dioxide 
measurements
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surements were clustered in the range up to 231 g m-2 day-1 
for CO2 and 2.41 g m-2 day-1 for CH4. The negative of the 
kurtosis show that the data hasn’t a normal distribution.

The total methane emission measured for sheep ma-
nure was 0.83 t CH4/year and for cattle manure was 0.185 
t CH4/year. The total carbon dioxide measured emission 
for sheep manure was 61.3 t CO2/year and for cattle ma-
nure was 4.7 t CO2/year.

For swine was made one measurement (Tab. 3) on a 
very small surface (1.5 m2).

For swine manure because the storage area was too 
small, two measurements were performed and cannot 
conclude an estimated value for methane and carbon di-
oxide emission. The result of the measurement was very 
high, and this fact could have been due to the freshness of 
the manure.

The method used in this study for measuring the meth-
ane and carbon dioxide flux was applied in order to calcu-
late the carbon dioxide and methane flux for the collected 
solid manure for different type of animals: cattle, swine, 
sheep. It is a method successfully applied in other areas 
such as: landfills, soil, volcanoes etc. A new method (cor-
related with another known method) and more studying 
is also needed for this area, to make a comparison between 
the results.

In literature, many authors studied different experi-
mental methods to measure and estimate methane emis-
sions for different type of animals manure. Storm et al. 
(2012) mentioned for ruminants the following methods: 
Animal calorimetric systems (the methane emission is 
calculated from flow and gas concentration in inlet and 
outlet air from the chamber where the animals are living); 

276.5 g m-2 day-1 for carbon dioxide (Tab. 1). As an exam-
ple, the area located in the South-Western part of the sta-
ble shows the highest values for both carbon dioxide and 
methane fluxes, while the area located in the north-eastern 
side shows the lowest values of the gas fluxes. The high-
est values may indicate a high thickness of sheep manure, 
while the lower values may indicate areas where the ma-
nure was scarce. The good correlation between these two 
fluxes may indicate that both carbon dioxide and methane 
fluxes come from the same sources, in this case from sheep 
manure.

Tab. 1. The statistical parameters for CH4 and CO2 flux for the 
sheep manure

Fig. 4. The distribution of logarithmic values of CO2 (a) and 
CH4 flux (b) for sheep manure measurements; the stars indicate 
the location of the measurements

For cattle manure, due to the small number of cattle, 
the storage surface area covered is also reduced. Few mea-
surements (Tab. 2) were performed, and the emission was 
calculated multiplying  average value with the area covered 
with manure (12 m2). The average height of the manure 
was ~ 5m. Consequently, the results of the gas emission 
were 0.185 t CH4/year and 4.7 t CO2/year

The mean of methane flux was 3.782 g m-2 day-1 for 
sheep manure and 42.345 g m-2 day-1 for cattle. For CO2 
the mean was 276.651 g m-2 day-1 for sheep, and 1,083.461 
g m-2 day-1 for cattle. It was noticed that most of the mea-

Parameters
Flux

CH4 CO2

Maximum value 
(g ∙ m-2∙day-1) 11.864 465.849

Minimum value 
(g ∙ m-2∙day-1) 0.304 148.545

Mean (g∙m-2∙day-1) 3.782 276.651
Median (g∙m-2∙day-1) 3.212 263.093
Standard deviation 2.952 80.828

Skewness 2.022 0.951
Kurtosis 5.315 2.015

Parameters
Flux

CH4 CO2

Maximum value 
(g ∙ m-2 ∙ day-1) 68.472 2,406.018

Minimum value 
(g ∙ m-2 ∙ day-1) 22.672 313.828

Mean (g ∙ m-2 ∙ day-1) 42.346 1,083.461
Median (g ∙ m-2 ∙ day-1) 39.736 962.721

Standard deviation 17.840 704.522
Skewness 0.484 1.560
Kurtosis -1.140 3.472

No. of measurement CH4 flux (g/m2/day) CO2 flux (g/m2/day)
1 479.3015 4,456.3635
2 398.5886 3,896.4785

Tab. 2. The statistical parameters for CH4 and CO2 flux for the 
cattle manure

Tab. 3. The measurement for the swine manure
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Conclusions

For the evaluation and prediction of the global warm-
ing impact on animal production it is important to de-
velop a technology to estimate CH4 emission accurately 
from any type of animals. In this study we are looking for a 
general method to measure the methane and carbon diox-
ide emissions for any type of animal solid manure in order 
to calculate the methane and carbon dioxide quantities at 
national level.

The estimated emissions showed that a considerable 
amount of CH4 and CO2 is produced even by an experi-
mental farm and an appropriate management of manure is 
important for reducing greenhouse gas. In this respect, we 
believe that the future solution is to use manure in biogas 
plants, for a green economy, which is an environmental 
good practice. Besides the environmental gain, the green 
certificates obtained by the support scheme make invest-
ments in this area more accessible and increase the return 
on investment. 

The study revealed the importance of knowledge of 
the livestock impact, in order to help the stakeholders to 
choose the appropriate BAT (Best Available Techniques) 
technology, for their farm and region.
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