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Abstract 

In this article, we calculated methane emissions from enteric fermentation in ewe farming in 2015 and 

2016. Subsequently, we investigated the causes of differences in their amounts in the observed years. 

We used established methodology (2006 IPCC) for calculation and we also accepted country-specific 

conditions of sheep farming. The amounts of methane emissions were dependent on their emission 

factors and the number of ewes in that year. In 2016, the average value of methane emission factor 

reached the value of 10.21 kg per ewe and year, which was 0.12 kg per ewe and year less than in 2015. 

We kept 155,828 ewes, which was 4,107 less than in 2015. The decrease of these parameters caused a 

decrease in amount of total methane emission in this year. The total methane emission from enteric 

fermentation represented 1,591.5 t of methane in 2016, which was 60.2 t less than in 2015. 
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1. INTRODUCTION 

Livestock farming brings high-quality animal proteins into the food chain in the form of meat, milk or 

eggs. At the same time, it also becomes an environmental pollutant by producing toxic ammonia and 

greenhouse gases. The most important greenhouse gas in the atmosphere is water vapor (H2O), which 

causes about two thirds of the greenhouse effect. It is formed by respiration and excretion of animals, 

as well as by evaporation of water from drinking troughs and water used to cool or clean the housing 

areas. Its content in the atmosphere is determined by the natural cycle of water i.e. the difference between 

evaporation and precipitation (6). Another greenhouse gas is carbon dioxide (CO2), which occurs in the 

process of animal respiration (8). It is also produced by combustion of natural gas in gas aggregates used 

to heat the housing areas (10). A small amount of CO2 is produced during decomposition of animal 

excrements (7). The most significant source of carbon dioxide is the combustion of fossil fuels, which 

accounts for more than 95 % of the total anthropogenic CO2 emissions in the territory of Slovakia (6). 

Methane is also a greenhouse gas. Its biggest source is agriculture. It originates as a direct product of 

herbivorous metabolism and organic degradation of animal excrements (6). Methane is produced in an 

environment without direct access of oxygen. Its production is related to the activity of methanogenic 

bacteria and increase with the temperature of the environment (13). Nitrous oxide (N2O) is the last 

greenhouse gas produced in agriculture. The main causes of N2O emissions are the surplus of mineral 

nitrogen in the soil (intensive fertilization) and the unfavorable air regime of soils (the use of heavy 

machinery during cultivation) (6). A certain amount of N2O comes from decomposition of animal 

excrements during their storage and application (9). In addition to greenhouse gases, agriculture is also 

the dominant producer of ammonia (NH3) emissions. 80-95 % of the total NH3 emissions in Europe 

come from farming practices with more than 80 % from the animal excretion and less than 20 % from 

the use of fertilizers (15). Ammonia emissions are damaging to the environment by contributing to the 

occurrence of acid rains and eutrophication of soil and aquatic ecosystems (3). From the aspect of human 

and animal health, ammonia emissions cause irritation of the eyes, throat and nose, with redness, 

coughing and sneezing. Important is its meta-toxic effect during long-term accumulation in the body, 

which manifests by weakening of animal immunity and easier penetration of infectious agents (16). 

Most of the released ammonia comes from the decomposition of organic waste and various industrial 

processes including fertilizer production (12). Ammonia emitted from agriculture represents an altered 

product of organic nitrogenous compounds from excreta of farm animals. Its origin is in urea contained 

in urine (1). The process of its formation begins in the housing area, where liquid and solid excrements 
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are mixed and ammonia is formed by enzymatic decomposition of urea. In this area, the most suitable 

conditions for the conversion of ammonia are secured, especially the optimal temperature, humidity, 

pH, large-scale distribution of excrements and access to air (14). Ammonia and greenhouse gas 

emissions recorded a significant decline over the period 1990 to 2003 due to decrease of numbers of 

farm animals. At this time, the numbers of farm animals are stabilized and the Slovak government is 

planning to increase their numbers. As a result, it is no longer possible to further reduce emissions of 

these gases this way. Low-emission techniques should be used to further reduce them. However, these 

are mainly aimed at reducing ammonia emissions. Their research and further use in practice is very 

important because methane and nitrous oxide have a high global warming potential (CH4: 28-36, N2O: 

265-298) (4) making a significant contribution to the greenhouse effect and the warming of the ground 

atmosphere. Measurements of methane and nitrous oxide emissions in practice are also very difficult 

and require appropriate measurement techniques. The measurement based on the principle of the 

photoacoustic detection method appears to be an optimal method. This method was also used in pig and 

poultry fattening in the territory of Slovakia (5, 11). In view of the need for a uniform greenhouse 

emission assessment procedure, the countries of European Community adopted a common methodology 

for determination of these emissions. It is based on long-term scientific results in this area and it is being 

elaborated in the form of guidelines. In this paper, we used the above mentioned methodology to 

determine methane emissions from enteric fermentation in ewes farming. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

Monitored farm animal: dairy sheep, category ewes 

Monitored gas: methane (CH4) 

Location of methane production: enteric fermentation 

Monitored years: 2015, 2016 

Input data: Statistical office of the Slovak Republic, farmer's questionnaires, researchers focused on 

sheep farming from Research Institute for Animal Production Nitra, Slovakia 

2.2. Methods 

For determination of methane emissions from ewe farming, we used TIER 2 methodology of 2006 IPPC 

Guidelines for National Greenhouse Gas Inventories (2). We divided the territory of Slovakia into 8 

regions, in which we calculated CH4 emissions. For the calculation of emissions, we had to find out the 

numbers of ewes and CH4 emission factors in individual regions. We obtained information about the 

numbers of ewes from Statistical office of the Slovak Republic. We determined CH4 emission factors 

for each region from need of gross energy (GE) and methane conversion factor (Ym). For calculation 

of GE, we had to identify the amount of net energies for maintenance, activity, milk and wool 

productions, pregnancy, as well as digestibility (DE) of feed ration. For calculation of net energies and 

DE of feed ration, we used some information from farmer's questionnaires and researchers focused on 

sheep farming (live weight, walk up meters per day, annual milk and wool productions, duration of 

grazing, number of lambs per ewe). The values of Ym were the same. We multiplied detected CH4 

emission factor by the number of ewes in this region and obtained CH4 emission from enteric 

fermentation in the region. We repeated this procedure in each region. Subsequently, we summed the 

emissions from all regions and determined the total CH4 emission from enteric fermentation of dairy 

ewes in the territory of Slovakia. This calculation method was used for both monitored years. 

 

3. RESULTS 

In 2015, we kept 159,935 ewes in the territory of Slovakia. In 2016, it was 155,828 ewes, which was 

4,107 ewes fewer than in 2015. The largest number of ewes was kept in the middle of Slovakia in the 

region of Zilina and the least number of ewes in the west of Slovakia in the region of Bratislava. The 
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representation of individual breeds was as follows: Improved Valachian - 30 %, Tsigai - 28 %, Slovak 

Dairy sheep - 18 %, Lacaune -15 %, East Friesian sheep - 3 %, crossbreeds - 6 %. Their average live 

body weight was approximately 60 kg. The ewes grazed for 184 days and stayed in housing area for 181 

days. Digestibility of feed ration was 65.04 % and derived from it, the value of methane conversion 

factor amounted 6.5 %. Values of net energies for maintenance, activity and pregnancy amounted 4.68, 

0.99 and 0.45 MJ.ewe-1.day-1, respectively. Above mentioned was valid for both monitored years (tab. 

1., 2.).  

In 2015, the average milk yield amounted 0.39 kg.ewe-1.day-1. The highest milk yield was detected in 

the region of Trencin (0.48 kg.ewe-1.day-1) and the lowest in the region of Bratislava (0.17 kg.ewe-1.day-

1). From milk yield, the need of net energy for lactation was derived. The average net energy for lactation 

amounted 1.78 MJ.ewe-1.day-1. The highest was found in the region of Trencin (2.21 MJ.ewe-1.day-1) 

and the lowest in the region of Bratislava (0.78 MJ.ewe-1.day-1). In 2016, the average milk yield 

amounted 0.37 kg.ewe-1.day-1. It was 0.02 kg.ewe-1.day-1 less than in 2015. The highest and the lowest 

milk yield were found in the same regions and they had the same values as in 2015. The average net 

energy for lactation amounted 1.70 MJ.ewe-1.day-1, which was 0.08 MJ.ewe-1.day-1 less than in 2015. 

The highest was found in the region of Trencin (2.21 MJ.ewe-1.day-1) and the lowest in the region of 

Bratislava (0.78 MJ.ewe-1.day-1), which was the same as in 2015 (tab. 1., 2.).  

In 2015, the average production of wool achieved the value of 1.78 kg.ewe-1.year-1and the highest was 

determined in the region of Trnava (3.09 kg.ewe-1.year-1) and the lowest in the region of Trencin (1.52 

kg.ewe-1.year-1). From wool production, the need of net energy for wool production was determined. 

The average net energy for wool production amounted 0.12 MJ.ewe-1.day-1. The highest value was 

detected in the region of Trnava (0.20 MJ.ewe-1.day-1) and the lowest value in the regions of Trencin 

and Zilina (0.10 MJ.ewe-1.day-1). In 2016, the average production of wool reached the value of 1.69 

kg.ewe-1.year-1. It was 0.09 kg.ewe-1.year-1 less than in 2015. The highest value was found in the region 

of Nitra (2.27 kg.ewe-1.year-1) and the lowest value in the region of Trencin (1.32 kg.ewe-1.year-1, the 

same as in 2015). The average net energy for wool production achieved value of 0.11 MJ.ewe-1.day-1. It 

was 0.01 MJ.ewe-1.day-1 less than in 2015. The highest value was determined in the region of Nitra (0.15 

MJ.ewe-1.day-1) and the lowest value in the region of Trencin (0.09 MJ.ewe-1.day-1, tab. 1., 2.). 

In 2015, the average methane emission factor reached the value of 10.33 kg.ewe-1.year-1. The highest 

value was found in the region of Trencin (10.83 kg.ewe-1.year-1) and the lowest in the region of 

Bratislava (9.07 kg.ewe-1.year-1). In 2016, the average methane emission factor amounted 10.21 kg.ewe-

1.year-1, which was 0.22 kg.ewe-1.year-1 less than in 2015. The highest value was detected in the region 

of Trencin (10.81 kg.ewe-1.year-1) and the lowest in the region of Bratislava (9.10 kg.ewe-1.year-1), which 

was the same (regions) as in 2015 (tab. 1., 2.). 

In 2015, the total methane emission from enteric fermentation reached the value of 1,651.7 t.year-1. The 

highest emission was determine in the region of Zilina (479.9 t.year-1) and the lowest in the region of 

Bratislava (2.0 t.year-1). In 2016, the total methane emission from enteric fermentation amounted 1,591.5 

t.year-1, which was 60.2 t less than in 2015. The highest emission was found in the region of Zilina 

(476.7 t.year-1) and the lowest in the region of Bratislava (1.1 t.year-1), which was the same (regions) as 

in 2015 (tab. 1., 2.). 
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  BA TT TN NR ZA BB PO KE Slovakia 

Ewes 221 429 16,085 3,799 45,908 43,060 36,471 13,962 159,935 

BW (kg) 60 60 60 60 60 60 60 60 60 

Milk yield (kg.day-1) 0.17 0.40 0.48 0.29 0.41 0.38 0.36 0.33 0.39 

DE (%) 65.04 65.04 65.04 65.04 65.04 65.04 65.04 65.04 65.04 

Ym/100 0.065 0.065 0.065 0.065 0.065 0.065 0.065 0.065 0.065 

Wool (kg.ewe-1.year-1) 1.88 3.09 1.52 2.92 1.57 1.93 1.71 2.11 1.78 

NEm (MJ.day-1) 4.68 4.68 4.68 4.68 4.68 4.68 4.68 4.68 4.68 

NEa (MJ.day-1) 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

NEl (MJ.day-1) 0.78 1.83 2.21 1.35 1.90 1.73 1.65 1.50 1.78 

NEp (MJ.day-1) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

NEwool (MJ.day-1) 0.12 0.20 0.10 0.19 0.10 0.13 0.11 0.14 0.12 

GE (MJ.ewe-1.day-1) 21.26 24.81 25.41 23.31 24.52 24.14 23.81 23.50 24.22 

EF (kg.ewe-1.year-1) 9.07 10.58 10.83 9.94 10.45 10.29 10.15 10.02 10.33 

Emission (t.year-1) 2.0 4.5 174.3 37.7 479.9 443.1 370.2 139.9 1,651.7 

BW - body weight, DE - digetibility, Ym - methane conversion factor, NEm - net energy for 

maintenance, NEa - net energy for activity, NEl - net energy for lactation, NEp - net energy for 

pregnancy, NEwool - net energy for wool production, GE - gross energy, EF - emission factor 

Table 1. CH4 emissions from enteric fermentation in individual regions of Slovakia and within all 

Slovakia in 2015 

 

  BA TT TN NR ZA BB PO KE Slovakia 

Ewes 119 401 15,984 1,992 46,785 41,662 34,864 14,021 155,828 

BW (kg) 60 60 60 60 60 60 60 60 60 

Milk yield (kg.day-1) 0.17 0.31 0.48 0.35 0.37 0.36 0.36 0.30 0.37 

DE (%) 65.04 65.04 65.04 65.04 65.04 65.04 65.04 65.04 65.04 

Ym/100 0.065 0.065 0.065 0.065 0.065 0.065 0.065 0.065 0.065 

Wool (kg.ewe-1.year-1) 2.09 2.09 1.32 2.27 1.53 1.77 1.80 2.09 1.69 

NEm (MJ.day-1) 4.68 4.68 4.68 4.68 4.68 4.68 4.68 4.68 4.68 

NEa (MJ.day-1) 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

NEl (MJ.day-1) 0.78 1.43 2.21 1.60 1.70 1.66 1.65 1.40 1.70 

NEp (MJ.day-1) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

NEwool (MJ.day-1) 0.14 0.14 0.09 0.15 0.10 0.12 0.12 0.14 0.11 

GE (MJ.ewe-1.day-1) 21.33 23.29 25.36 23.85 23.90 23.86 23.83 23.18 23.96 

EF (kg.ewe-1.year-1) 9.10 9.93 10.81 10.17 10.19 10.17 10.16 9.88 10.21 

Emission (t.year-1) 1.1 4.0 172.8 20.6 476.7 423.8 354.2 138.6 1,591.5 

BW - body weight, DE - digetibility, Ym - methane conversion factor, NEm - net energy for 

maintenance, NEa - net energy for activity, NEl - net energy for lactation, NEp - net energy for 

pregnancy, NEwool - net energy for wool production, GE - gross energy, EF - emission factor 

Table 2. CH4 emissions from enteric fermentation in individual regions of Slovakia and within all 

Slovakia in 2016 
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4. DISCUSSION 

The amount of CH4 emission in the individual regions was dependent on the number of ewes and the 

CH4 emission factor (EF) in that region. The value of EF was related to the gross energy and methane 

conversion factor (Ym). The value of Ym was the same in the indiviual regions of Slovakia in both 

monitored years. The value of GE was related to the requirement for net energies for maintance, activity, 

pregnancy, milk and wool productions (NEm, NEa, Nep, NEl, NEwool) and digestibility (DE) of feed 

ration. NEm, NEa, Nep and DE of feed ration showed the same values in individual regions of Slovakia 

in 2015 and 2016. NEl and NEwool were the only variables in calculation of GE in these regions. The 

values of NEl and NEwool were associated with milk and wool productions. In 2016, the milk yield and 

NEl increased in 1 region (NR), remained the same in 3 regions (BA, TR, PO) and decreased in 4 regions 

(TT, ZA, BB, KE). The decrease of average milk yield and NEL amouted 0.02 kg.ewe-1.day-1 and 0.08 

MJ.ewe-1.day-1, respectively. The wool production and NEwool increased in 2 regions (BA, PO) and 

decreased in 6 regions (TT, TR, NR, ZA, BB, KE). The decrease of average wool production and 

NEwool amounted 0.09 kg.ewe-1.year-1and 0.01 MJ.ewe-1.day-1, respectively. In this year (2016), slight 

decreases were found in milk yield, wool production, NEl and NEwool in most regions, as well as a 

decrease in their average values within Slovakia. The values of average GE and EF decreased by 0.26 

MJ.ewe-1.day-1 and 0.12 kg. ewe-1. year-1 in 2016, respectively. GE and EF increased in 3 regions ( BA, 

NR, PO) and decreased in 5 regions (TT, TR, ZA, BB, KE). The small decreases of milk yield, wool 

production, NEl and NEwool in most regions caused also small decreases of GE, EF in these regions. 

This could subsequently manifest as a slight decline in the total amount of methane emission. However, 

the main impact on the total amount of CH4 emission had the number of ewes, which dropped in all 

regions (expect ZA, KE) with a total decrease of 4,107 ewes within Slovakia. 

 

5. CONCLUSIONS 

In 2016, the total methane emission from enteric fermentation of dairy ewes reached the value of 1,591.5 

t. It was 60.2 t less than in 2015. A small share on the drop of methane emission had the decrease of 

CH4 emission factor in most regions due to the reduced milk and wool production in this year. However, 

the total amount of methane emission was mainly affected by the decrease in the number of ewes. Our 

effort is not to reduce the sheep farming in the territory of Slovakia, and therefore it is necessary to use 

low-emission techniques for mitigation of methane emissions. It is important to use those, which would 

reduce methane emissions as much as possible, but would be applicable under acceptable technical and 

economic conditions. 
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