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Abstract

:

Agriculture is one of the main sources of greenhouse gas (GHG) emissions and has great potential for mitigating climate change. The aim of this study is to analyze the amount, dynamics of changes, and structure of GHG emissions from agriculture in the EU in the years 2005–2018. The research based on data about GHG collected by the European Environment Agency. The structure of GHG emissions in 2018 in the EU is as follows: enteric fermentation (45%), agricultural soils (37.8%), manure management (14.7%), liming (1.4%), urea application (1%), and field burning of agricultural residues (0.1%). Comparing 2018 with the base year, 2005, emissions from the agricultural sector decreased by about 2%, which is less than the assumed 10% reduction of GHG emissions in the non-emissions trading system (non-ETS) sector. The ambitious goals set by the EU for 2030 assume a 30% reduction in the non-ETS sector. This will require a significant reduction in GHG emissions from agriculture. Based on the analysis of the GHG emission structure and available reduction techniques, it was calculated that in this period, it should be possible to reduce emissions from agriculture by about 15%.
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1. Introduction


The phenomenon of the natural greenhouse effect is positive for living conditions on the Earth. Thanks to this, the temperature of Earth surface is increased by 20–34 °C. Without the greenhouse effect, the average temperature of the Earth would be around −19 °C [1]. Gases that absorb radiation in the range emitted by the Earth’s surface cause the greenhouse effect and are called greenhouse gases (GHGs). The main GHGs are water vapor (H2O), carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), ozone (O3) [2]. Measurements carried out in recent decades have shown that the level of radiation escaping into space is getting smaller; so, the heat is accumulated on the Earth, and energy balance is disturbed. Therefore, it is observed the intensification of the greenhouse effect (global warming), which is caused by the growing concentration of greenhouse gases in the atmosphere [3,4,5].



The main anthropogenic GHG, carbon dioxide, is responsible for about 81% of global GHG emissions in the European Union (EU) (according to data for 2018); the next are methane and nitrous oxide, accounting for 10% and 6%, respectively [6]. Relatively high shares of methane and nitrous oxide in GHG emission, despite their low concentration in the atmosphere, are connected to global warming potential, which compares the ability of 1 kg of each gas to capture heat over a 100-year perspective. Methane has 21–36 times greater potential than CO2, and nitrous oxide 265–310 times greater than CO2 [7,8]. Another important parameter is the remaining time of gases in the atmosphere. Carbon dioxide does not break down easily and remains in the atmosphere for several centuries; nitrous oxide remains for about 121 years; and for methane, it is about 12 years [8,9].



The methane emission from agriculture is about 54% of total emissions of this gas in the EU, and for N2O, it is nearly 79% [6]. Therefore, despite the relatively small share of the agricultural sector in the EU’s global GHG emissions of around 10%, agriculture has great potential and is an important link in the strategy of reducing greenhouse gas emissions and mitigating climate change.



The intensification of the greenhouse effect and climate changes, for which the consequence is a necessity of GHG reduction, are currently some of the key issues in the EU’s environmental policy. One of the goals of the EU 2020 climate and energy package is to reduce greenhouse gas emissions by 20% compared with 1990 levels [10]. In sectors not covered by the emissions trading system (non-ETS sectors), reduction targets have been set individually for each member state [11]. On the other hand, according to the EU 2030 climate and energy framework, greenhouse gas emissions are to be reduced by at least 40% compared with those in 1990. In sectors covered by the emissions trading system, emission reductions of 43% compared with those in 2005 are assumed, and in non-ETS sectors, by 30%. The land use, land-use change, and forestry sector (LULUCF) were included in the UE 2030 climate and energy framework [12]. Moreover, at the EU meeting in December 2020, the target of GHG reduction was increased to at least 55% by 2030.



Considering the ambitious GHG reduction targets set by the EU, mainly those for 2030, their implementation requires comprehensive knowledge about the amount of emissions and their structure from each non-ETS area. Additionally, knowledge about the status of implementation of the GHG reduction levels in each EU country may be helpful and constitute a significant contribution to the planning of mitigation strategies. It will make it easier to take the necessary initiatives: defining the measures, changing legal regulations, etc. To realize such a high reduction level of GHG emissions, it will be necessary to act in each of the emission areas, including agriculture.



The aim of the study is to analyze the amount, dynamics of changes, and the structure of GHG emissions from agriculture in the EU in the years 2005–2018.




2. Materials and Methods


The study analyses the period from 2005 to 2018. The research is based on data about GHG collected by the European Environment Agency [13]. These annual data are reported by each EU state, which is obligatory under the United Nations Framework Convention on Climate Change (UNFCCC). These emissions are reported according to classification and in the Common Reporting Format (CRF) for five main categories: 1. Energy; 2. Industrial processes and product use; 3. Agriculture; 4. Land use, land use change and forestry (LULUCF); and 5. Waste. They are calculated according to the methodology published by the Intergovernmental Panel on Climate Change [14]. These guidelines allow for the estimation of emissions at various levels of detail, depending on the availability of national methods as well as emission parameters and indicators.



The analyses based on GHG emission data, expressed in CO2 equivalent, without the LULUCF sector, and emissions from international aviation and international maritime transport. The research covers all EU countries, including the United Kingdom (EU-28).



GHG EU’s emissions were reviewed in total from agriculture and individually for each member state. The dynamics of emission changes was calculated, assuming that the base year 1990 in the case of total GHG emissions and the base year 2005 in the case of GHG emissions from agriculture.



The structure of GHG emissions from the agriculture sector was studied for EU and individual member states. These are the included structures: enteric fermentation, manure management, agricultural soils, field burning of agricultural residues, liming, and urea application. For each agricultural source, the dynamics of changes in GHG emissions was calculated, assuming the base year of 2005. The trends in GHG emissions from individual sources in agriculture in the period 2005–2018 were also analyzed.




3. Results and Discussion


3.1. GHG Emissions in the EU


In the analyzed period (1990–2018), GHG emissions, compared with the base year 1990, showed a downward trend. However, between 1990 and 2004, GHG emissions in the EU fluctuated. There were both periodic increases and decreases in emissions. Since 2005, GHG emissions have been characterized by a constant downward trend. The largest decreases (over 10%) were observed over the last ten years (Figure 1). In 2018, the total GHG emission without the LULUCF sector was 4225.97 Tg CO2 eq. (CO2—81.4%, CH4—10.3%, N2O—5.6%) and was lower by 25.2% compared with that in 1990. With the LULUCF sector, the level of reduction was 26.8%. Considering the dynamics of GHG emissions in the analyzed period, it can be projected that the 20% GHG emission reduction will be achieved.



The values of GHG emissions in the EU countries in 2018 are presented in Figure 2.



From the analysis of the changes of GHG emissions in the EU countries, both decreases and increases were observed. The greatest reductions in GHG emissions, compared with those in 1990, were recorded in countries with a relatively small share in the total GHG emissions in the EU. These were Lithuania (−57.8%), Latvia (−55.5%), Romania (−53.2%), and Estonia (−50.4%). Probably, this is related to the economic changes taking place in these countries. In the countries with the highest share of GHG emissions in the EU, the reductions were, respectively, as follows: Germany (−31%), United Kingdom (−41.8%), France (−18.9%), Italy (−17.2%), and Poland (−13.1%) (Figure 3). The GHG emissions were higher in Cyprus (+55.0%), Spain (+15.5%), Portugal (+15.0%), Ireland (+9.9%), and Austria (+0.6%). Apart from Spain, countries in this group have a small share in the total EU’s GHG emissions, which practically does not affect the total emission.




3.2. Agricultural GHG Emission in the EU


One of the sources of GHG emissions is agriculture. Its average share in total GHG emissions (without LULUCF) in the EU in 2005–2018 was 9.3%. The share of this sector in total GHG emissions in the EU has increased from 8.4% in 2005 to 10.3% in 2018 (Figure 1). Changes in GHG emissions from agriculture are not in line with the trend in total GHG emissions in the EU. The agricultural GHG emissions showed a downward trend in the years 2005–2012, whereas since 2013, GHG emissions increased slightly from 427.6 Tg CO2 eq. up to 440.8 Tg CO2 eq. in 2017. Compared with the previous year, only in 2018, it was recorded a slight decrease in emissions by 1.3%. The analysis of the dynamics of emission changes in relation to the base year 2005 generally showed a decrease in GHG emissions in 2006–2018. In 2018, GHG emissions from agriculture in the EU amounted to 435.3 Tg CO2 eq. (CO2–2.6%, CH4–53.7%, N2O–43.7%) and were lower by 1.2% compared with those in 2005.



Almost 60% of the GHG emissions from agriculture in the EU come from France, Germany, the United Kingdom, Spain, and Poland. Meanwhile, the countries with the lowest agricultural GHG emissions—Luxembourg, Cyprus, and Malta—were responsible for 0.3% of total EU GHG emissions. The share of agriculture in total GHG emissions differed in each country. It was the largest in Ireland (32.7%), Denmark (22.9%), Latvia (22.3%), and Lithuania (21.1%), and the lowest in Malta (3%), Cyprus (5.7%), Slovakia (6.3%), Luxembourg (6.5%), and the Czech Republic (6.7%) (Figure 4).



Based on the analysis of changes in GHG emissions from agriculture in the years 2005–2018, it was noticed that there was a generally downward trend in France. The situation was opposite in Romania and Spain. Meanwhile, in Ireland and the Netherlands, emissions decreased until about 2011 and then emissions increased. In other countries, the emission was characterized by high variability without a clear upward or downward slope (Figure 5).




3.3. State of Reduction of Agricultural GHG Emissions in the EU


The assumed reduction targets of GHG emissions from agriculture in the EU are related to 2005 (base year). The achievements of these targets in the EU countries are presented in Table 1.



According to decision 406/2009/EC of the European Parliament and of the Council of 23 April 2009 on the effort of Member States to reduce their greenhouse gas emissions to meet the Community’s greenhouse gas emission reduction commitments up to 2020, Member States have set GHG emission limits for 2020 compared with 2005 in non-ETS sectors, which include agriculture. Depending on the size of the country, the structure of agriculture, and the assumed changes in this sector, some of them are to reduce emissions, and some may increase them within the assumed limit. Comparing the assumed GHG limits for 2020 with the GHG emissions for 2018, 11 of the EU Member States meet the GHG emission limits (green color in Table 1). These are mainly countries with a small share in the EU GHG emissions, accessed to EU after 2004. The countries, which have not yet reached the GHG limits for 2020 (red color in Table 1) are mainly old EU Member States, and among them, the countries with the highest share in GHG emissions from agriculture in the EU.



Comparing the agricultural GHG emissions in the EU in 2005 and 2018, there was a 2% reduction in emissions during this time. This is lower than the limit for the non-ETS sector, which is 10% (base year 2005). It should be noted that the assumed 2020 GHG emission limits apply to all non-ETS sectors together, not only agriculture. On the other hand, the GHG reduction limit for 2030 is much higher and, for non-ETS sector, assumed 30%. It seems that to achieve this goal, it may be necessary to reach a significant reduction in each area of the non-ETS sector.



Studying the GHG limits established for 2030, it may be concluded that three countries should not have problems with reaching these limits: Malta, Greece, and Croatia. Other countries should take decisive steps to implement measures to reduce GHG emissions (Table 1).




3.4. GHG Emissions from Main Agricultural Sources


According to the IPCC methodology [14], the main sources of GHG emissions from agriculture are enteric fermentation (CH4), manure management (CH4, N2O), agricultural soils (N2O), field burning of agricultural residues (CH4, N2O), liming (CO2), and urea application (CO2). The structure of GHG emissions in 2018 in the EU is shown in Figure 6. The largest sources were enteric fermentation (45%) and agricultural soils (37.8%), the emissions of which are mainly related to the use of natural and mineral fertilizers. Compared with the analysis conducted by Syp [15] for GHG emissions in the EU in 2014 in the agricultural sector, the shares of the two main emission sources were 45% agricultural soils and 38% enteric fermentation.



Based on an analysis of GHG emissions from agricultural sources for 2005–2018 in the EU, a downward trend was recorded in emissions from enteric fermentation, manure management, field burning of agricultural residues, and liming. Only the emissions from urea application increased. For agricultural soils, emissions decreased until 2009, after which an upward trend was observed (Figure 7).



3.4.1. Enteric Fermentation


In 2018, GHG emissions from enteric fermentation in the EU amounted to 194 Tg CO2 eq. (CH4–100%). Analyzing the share of GHG emissions from enteric fermentation in 2018 in EU countries, it was noticed that over 40% of EU GHG emissions from enteric fermentation came from three countries: France, Germany, and the United Kingdom with shares of 17.7%, 12.9%, and 10.9%, respectively. Luxembourg, Cyprus, and Malta had the lowest emissions from enteric fermentation (Figure 8). The GHG emissions from enteric fermentation are related primarily to the amount of livestock production, resulting from the size, geographic location, and policies of the country. This has a significant impact on the share of enteric fermentation in the total GHG emissions from agriculture. In eight countries, enteric fermentation was over 50% of GHG emissions from agriculture: Luxembourg (58.4%), Ireland (57.9%), Austria (57.0%), Romania (54.6%), Slovenia (53.9%), Cyprus (52.4%), the United Kingdom (51.8%), and Portugal (51.4%). Only in two countries were the emissions from this source below 30%: Bulgaria (23.2%) and Hungary (28.7%).



The analysis of changes in GHG emissions from enteric fermentation in the period 2005–2018 showed a downward trend in the countries that are the largest sources (France, Germany, the United Kingdom). An upward trend was observed in Poland and Italy. In Ireland, emissions decreased until 2011 and then emissions increased.



The dynamics of changes in GHG emissions from enteric fermentation in relation to the 2005 base year showed emission reductions in France (−3.46%), Germany (−3.32%), the United Kingdom (−6.49%), Spain (−6.26%), and Romania (−8.71%). Increases in emissions were recorded in Poland (+10.87%), Ireland (+6.46%), and Italy (+3.60%) (Figure 9). This may be due to an increase in the cattle population.



In 2018, GHG emissions from enteric fermentation in the EU were lower by 1.75% compared with those in 2005. In this area, the majority of GHG emissions are related to dairy and beef cattle farming. It has a relatively high reduction potential for GHG emissions by 2030. The ongoing genetic and breeding work improve efficiencies such as feed conversion-to-milk yield ratio, which significantly reduce the amount of GHG emissions by 5–15% [16,17,18]. Further, modifications to nutrition by reducing fibre levels can lower emissions by 5–10% [18,19,20]. Additionally, the increase in the share of pasture feed in nutrition and the reduction in TMR consumption may result in reductions in GHG emissions [21,22]. In summary, the abovementioned actions may lead to a reduction in GHG emissions of up to 10%.




3.4.2. Manure Management


In 2018, GHG emissions from manure management in the EU amounted to 63 Tg CO2 eq. (CH4–65%, N2O–35%). The biggest sources of GHG emissions from manure management were Germany (14.8%), Spain (13.8%), the United Kingdom (11.1%), and France (10%); Cyprus, Luxembourg, and Malta had the lowest emissions (Figure 10).



Only in five countries, emissions from manure management in GHG emissions from agriculture in these countries was over 20%: Denmark (26.7%), the Netherlands (25.1%), Cyprus (23.7%), Malta (22.7%), and Spain (21.9%); meanwhile, in six countries, the share of emission from this source was below 10%: Ireland (9.9%), Lithuania (9.4%), Bulgaria (9.3%), Sweden (8.8%), France (8.5%), and Latvia (6.5%).



The analysis of GHG emissions from manure management in 2005–2018 showed that in Germany and Denmark, there was a clear downward trend in this period. In the Netherlands there was a clear upward trend. Emissions remained constant in the United Kingdom and France (Figure 11).



The dynamics of changes in GHG emissions from manure management in relation to the 2005 base year showed significant reductions in emissions in Denmark (−15.3%), Germany (−10.3%), Spain (−8.7%), Italy (−8.2%), and Poland (−7.2%). In the Netherlands, there were increases in emissions (+5.1%).



In 2018, GHG emissions from manure management in the EU were lower by 7.94% compared with those in 2005. Ongoing intensification of livestock production leads to increasing volumes of manure to be managed and may increase GHG emissions from the manure management area. At the same time, it changes the level of specialization and mechanization of European livestock production, which may reduce emissions. In larger farms, implementation of GHG emission reduction techniques is cheaper per animal, but complicated. One method of reducing GHG emissions is by improving or changing the housing system. It may result, depending on the type of animal, up to a 30% reduction of GHG emissions [23,24,25,26]. Another effective method is covering manure or slurry storage and closing the slurry channel, producing a 10% GHG reduction [27,28]. Total GHG emission reduction potential is quite low at about 10%. Changing the housing system is quite an effective way to reduce GHG emissions and is relatively cheap but only in new buildings. In existing livestock buildings, it often requires a change in construction, which is expansive. On the other hand, covering manure and slurry storages is not so expensive and may be forced by legal acts.




3.4.3. Agricultural Soils


In 2018, GHG emissions from agricultural soils in the EU amounted to 163 Tg CO2 eq. (N2O–100%). GHG emissions from agricultural soils in 2018 were the highest in France, Germany, and Poland whose shares were 19.7%, 15.1%, and 9.4%, respectively. Significant sources of emissions were also Spain (7.6%) and the United Kingdom (7.0%). The lowest emissions were again noted in Luxembourg, Cyprus, and Malta (Figure 12).



In six countries, the share of emissions from agricultural soils in the GHG emissions from agriculture in these countries was over 50%: Bulgaria (64.9%), Latvia (59.3%), Lithuania (54.7%), Finland (53.9%), Hungary (52.5%), and Slovakia (50.7%). In the next six countries, this share was over 40%: the Czech Republic (49.1%), Estonia (47.3%), Poland (46.4%), Sweden (45.0%), France (42.9%), and Croatia (41.3%); in nine countries, the share of GHG emissions from agricultural soils was below 30%: Ireland (29.5%), the Netherlands (29.3%), Malta (28.9%), the United Kingdom (27.9%), Austria (27.7%), Italy (27.6%), Luxembourg (27.3%), Slovenia (25.5%), and Cyprus (23.9%).



Changes in GHG emissions from agricultural soils in 2005–2018 were similar in the United Kingdom and Ireland; emissions remained constant. A downward trend was observed in Italy and France while the upward trend was in Spain, Poland, and Romania (Figure 13).



The analysis of the dynamics of changes in GHG emissions from agricultural soils in relation to the 2005 base year showed a clear increase in emissions in Poland (+13.1%) and Romania (+20%). These increases may result from the stabilization of the agricultural market and the decline in the fallow land. Lower increases in emissions were observed in Spain (+5.7%) and Ireland (+3.8%). Decreases occurred in Italy (−15.6%), France (−4.1%), the United Kingdom (−3.1%), and Germany (−2.2%).



In 2018, GHG emissions from agricultural soils in the EU were higher by 1.36% compared with those in 2005. The natural and synthetic fertilization is the main source of GHG emissions in the area of agricultural soils. The best way to reduce these emissions is to optimize the process of fertilization, understood as a precise selection of the fertilizer dose. The dose selection is closely related to the method of fertilization. To minimize the fertilizer dose and GHG emissions, the main direction is the direct land application of fertilizers. These solutions primarily reduce the time of contact between fertilizers and air by their covering by soil shortly after application in the field or their application directly into the soil. Using this method, it was observed that the GHG emissions reduced by 20% [29,30,31].




3.4.4. Field Burning of Agricultural Residues


In 2018, GHG emissions from field burning of agricultural residues in the EU amounted to 0.6 Tg CO2 eq. (CH4–73%, N2O–27%). In 2018, GHG emissions from field burning of agricultural residues were noted in only thirteen countries; it was the largest in Romania and accounted for nearly 57% of EU emissions in this source, followed by France (9.5%) and Portugal (8.2%). Austria (0.1%), Hungary (0.06%), and Cyprus (0.04%) had the smallest share in GHG emissions from field burning of agricultural residues in the EU (Figure 14).



The highest share of emissions from field burning of agricultural residues in the total emissions from agriculture was in Romania and was 1.8%. The next three countries were Portugal (0.76%), Bulgaria (0.55%), and Greece (0.49%). In other countries, this share was marginal.



According to the analysis of GHG emissions from field burning of agricultural residues in 2005–2018, it was noticed that in Poland and Bulgaria, emissions slowly increased; a downward trend was observed in Romania, Greece, and Spain. In other countries, emissions remained relatively constant (Figure 15).



The analysis of the dynamics of changes in GHG emissions from field burning of agricultural residues in relation to the base year 2005 showed significant increases in emissions in Poland (+29.1%) and Bulgaria (+75.1%). It may be due to increase in the share of crops, which generate the field burning residues. On the other hand, significant decreases in emissions from this source were noted in Romania (−49.9%), Spain (−39.8%), and Greece (−23.1%).



In 2018, GHG emissions from field burning of agricultural residues in the EU were lower by 36.56% compared with those in 2005. Field burning of agricultural residues is fast and economical, but it is highly unsustainable, as it produces large amounts of air pollutants. The best way to reduce GHG emissions from this area is through the legal prohibition of such practices and alternative agricultural residues management. It may be converted to formed fuel (brick, pellets) or combusted directly for energy [32,33]. Another method to reduce emissions from this area is to compost the residues for fertilization and incorporation into the soil [34,35]. Projected reduction level of GHG emissions in this area may be as much as 70%.




3.4.5. Liming


In 2018, GHG emissions from liming in the EU amounted to 6 Tg CO2 eq. (CO2–100%). GHG emissions from liming in 2018 were inventoried in 24 countries. The largest source was Germany, responsible for almost 36% of emissions in the EU. The next were the United Kingdom and France, whose shares were 15.4% and 12.2%, respectively. Slovakia, Slovenia, Lithuania, Luxembourg, Croatia, Hungary, and Portugal had a small share in GHG emissions from liming in the EU (Figure 16).



The largest share of emissions from liming in the total emissions from agriculture was in Germany and Finland, which amounted to 3.4% and 3.2%, respectively. In Denmark, Ireland, and the United Kingdom, the share was slightly above 2%. In contrast, a marginal share of 0.1% was noted in Portugal, Spain, Hungary, and Italy.



The analysis of GHG emissions from liming in 2005–2018 showed a clear upward trend in Denmark. On the other hand, a clear downward trend was observed in the United Kingdom. In other countries, the emissions were characterized by high variability without a clear upward or downward trend (Figure 17).



The dynamics of changes in GHG emissions from liming in relation to the base year 2005 showed reductions for France (−20%), Finland (−27.5%), the United Kingdom (−34.1%), and Poland (−44.2%). Germany and Ireland noted an increase in emissions from liming (+51%) and (+71.5%), respectively.



In 2018, GHG emissions from liming in the EU were lower by 3.35% compared with those in 2005. The reduction of GHG emissions from liming is a complex process. The change in soil pH during liming contributes to the reduction of N2O emissions from acid soils. However, this reduction effect is counterbalanced by CO2 emissions during the chemical dissolution of calcium carbonate. Actually, research is carried out on the chemical and biological processes taking place during liming and the release of CO2, N2O, and CH4 from the soil. There are a small number of studies on the effect of liming on GHG emissions due to changes in biological processes in soil, limiting the possibility of including these processes in the GHG emission modelling process [36,37,38]. The level of GHG emission reduction in the next 10 years can be assumed at the level of 0–5%.




3.4.6. Urea Application


In 2018, GHG emission from urea application in the EU amounted to 4 Tg CO2 eq. (CO2–100%). GHG emissions from urea application in 2018 were observed in 25 countries. France, with a share of over 30% of EU emissions, was the largest source. Subsequently, there were Germany, Spain, and Poland, whose shares amounted to 13.4%, 11.1%, and 9.7%, respectively. Sweden, Finland, Denmark, Cyprus, and Estonia had a small share in GHG emissions from urea application in the EU (Figure 18).



The largest shares of urea application in the total agricultural emissions were in Croatia and Slovakia, which was 2.4% in both countries. In six countries, this share was above 1%, they are France (1.72%), Hungary (1.58%), the Czech Republic (1.46%), Italy (1.34%), Poland (1.25%), and Spain (1.19%). On the other hand, a marginal share (0.04% and less) was recorded in Cyprus, Denmark, Estonia, Finland, and Sweden.



Based on the GHG emissions from urea application in the period 2005–2018, a clear upward trend in emissions was observed in France. An upward trend was also noted in the United Kingdom and Spain. In other countries, emissions were characterized by high variability without a clear upward or downward trend (Figure 19).



The analysis of the dynamics of changes in GHG emissions from urea application compared with the base year 2005 showed the largest emission increases in France (+45.3%), Spain (+48.3%), and the United Kingdom (+66.7%). Only in Italy, the GHG emissions significantly decreased (−20.1%).



In 2018, GHG emissions from urea application in the EU were higher by 25.72% compared with those in 2005. It is possible to significantly reduce GHG emissions in this area. One way is to replace urea with other ammonium nitrate fertilizers. For a long time, the potential of urease and nitrification inhibitors in reducing greenhouse gas emissions because of the massive use of agricultural fertilizers has also been recognized. Another method is by polymeric coating urea granules. The total GHG reduction potential of these methods ranges from 60 to 90% [39,40,41,42].






4. Conclusions


Climate change is a global problem, therefore, only the efforts of many countries—especially the largest ones—can bring measurable benefits in the form of stabilization and then reduction of anthropogenic GHG emissions into the atmosphere. For this reason, measures taken by individual EU countries should be coordinated, because then one can expect significantly beneficial effects of the policy, as a result of revealing synergistic effects. The proposed measures and instruments to reduce GHG emissions and to mitigate climate change result from the level of development of EU countries and their economic situation.



Comparing 2018 with the base year 2005, emissions from the agricultural sector decreased by about 2%, which is less than the assumed 10% reduction of GHG emissions in non-ETS sector. The ambitious goals set by the EU for 2030 assume a 30% reduction in the non-ETS sector. This will require a significant reduction of GHG emissions from agriculture. Based on the analysis of the GHG emission structure and available reduction techniques, it was calculated that in this period, it should be possible to reduce emissions from agriculture by about 15%. The concentration and intensification of agriculture in the EU, considered as a threat to the environment, may contribute to the reduction of GHG emissions. This is related to the areas where emissions may be significantly reduced, in particular, enteric fermentation, manure management, and agricultural soils, which together account for about 98% of GHG emissions. Reduction of emissions from these areas is associated with the rebuilding of existing buildings or the construction of new facilities, the purchase of equipment for the precise preparation of feed and the application of fertilizers, and the employment of qualified personnel. In large farms, the implementation of such techniques generates lower investment and operating unit costs. In smaller farms, the application of reduction techniques is simply unprofitable financially.



Reducing GHG emissions requires the involvement of significant human resources, changes in legal regulations, financial outlays, as well as organizational and technical changes. However, the level of reduction is difficult to predict because the changes in the livestock population and the crop structure for the next 10 years, which have a direct impact on GHG emission levels, are difficult to determine.
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Figure 1. Total greenhouse gas (GHG) emissions and agricultural GHG emissions in the EU for 1990–2018. 
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Figure 2. GHG emissions in the EU countries in 2018. Explanation: DE—Germany, UK—United Kingdom, FR—France, IT—Italy, PL—Poland, ES—Spain, NL—The Netherlands, CZ—Czech Republic, BE—Belgium, RO—Romania, GR—Greece, AT—Austria, PT—Portugal, HU—Hungary, IE—Ireland, BG—Bulgaria, FI—Finland, SE—Sweden, DK—Denmark, SK—Slovakia, HR—Croatia, LT—Lithuania, EE—Estonia, SI—Slovenia, LV—Latvia, LU—Luxembourg, CY—Cyprus, MT—Malta. 






Figure 2. GHG emissions in the EU countries in 2018. Explanation: DE—Germany, UK—United Kingdom, FR—France, IT—Italy, PL—Poland, ES—Spain, NL—The Netherlands, CZ—Czech Republic, BE—Belgium, RO—Romania, GR—Greece, AT—Austria, PT—Portugal, HU—Hungary, IE—Ireland, BG—Bulgaria, FI—Finland, SE—Sweden, DK—Denmark, SK—Slovakia, HR—Croatia, LT—Lithuania, EE—Estonia, SI—Slovenia, LV—Latvia, LU—Luxembourg, CY—Cyprus, MT—Malta.



[image: Atmosphere 12 01396 g002]







[image: Atmosphere 12 01396 g003 550] 





Figure 3. Total GHG emission in selected countries in 1990–2018. 
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Figure 4. GHG emissions from agriculture and its share of national total GHG emissions in 2018. 
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Figure 5. GHG emissions from agriculture in selected countries in 2005–2018. 
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Figure 6. GHG emissions from agricultural sources in the EU in 2018. 
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Figure 7. GHG emissions from agricultural sources in the EU in 2005–2018. 
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Figure 8. GHG emissions from enteric fermentation in EU countries in 2018. 






Figure 8. GHG emissions from enteric fermentation in EU countries in 2018.



[image: Atmosphere 12 01396 g008]







[image: Atmosphere 12 01396 g009 550] 





Figure 9. GHG emissions from enteric fermentation in selected EU countries in 2005–2018. 
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Figure 10. GHG emissions from manure management in EU countries in 2018. 
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Figure 11. GHG emissions from manure management in selected EU countries in 2005–2018. 
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Figure 12. GHG emissions from agricultural soils in EU countries in 2018. 
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Figure 13. GHG emissions from agricultural soils in selected EU countries in 2005–2018. 
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Figure 14. GHG emissions from field burning of agricultural residues in EU countries in 2018. 
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Figure 15. GHG emissions from field burning of agricultural residues in selected EU countries in 2005–2018. 
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Figure 16. GHG emissions from liming in EU countries in 2018. 
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Figure 17. GHG emissions from liming in selected EU countries in 2005–2018. 
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Figure 18. GHG emissions from urea application in EU countries in 2018. 
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Figure 19. GHG emissions from urea application in selected EU countries in 2005–2018. 
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Table 1. Agricultural greenhouse gases (GHG) emission changes in EU countries in 2005–2018.
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	Country
	Agricultural GHG Emission in 2018

(Gg CO2 eq.)
	Changes in Agricultural GHG Emissions for 2005–2018

(%)
	GHG Emission Limits in 2020 Compared with 2005 GHG Levels

(%)
	Reduction of GHG Emissions in 2030 Compared with 2005 GHG Levels

(%)





	FR
	74,774.04
	−3.3
	−14
	−37



	DE
	63,564.89
	−1.0
	−14
	−38



	UK
	40,837.00
	−5.6
	−16
	−37



	ES
	39,643.76
	−3.2
	−10
	−26



	PL
	33,117.07
	7.9
	14
	−7



	IT
	30,186.58
	−5.8
	−13
	−33



	IE
	19,953.07
	6.5
	−20
	−30



	RO
	19,854.03
	−6.1
	19
	−2



	NL
	18,234.55
	−0.6
	−10
	−36



	DK
	11,041.26
	−2.0
	−20
	−39



	BE
	9960.88
	−3.8
	−15
	−35



	CZ
	8606.50
	5.1
	9
	−14



	GR
	7781.50
	−13.1
	−4
	−16



	AT
	7224.35
	3.3
	−16
	−36



	HU
	7145.64
	16.5
	10
	−7



	PT
	6798.76
	1.6
	1
	−17



	SE
	6790.17
	−3.6
	−17
	−40



	FI
	6562.49
	0.3
	−16
	−39



	BG
	6415.69
	24.1
	20
	0



	LT
	4280.66
	3.3
	15
	−9



	SK
	2745.29
	4.5
	13
	−12



	HR
	2720.30
	−17.5
	-
	−7



	LV
	2609.40
	12.3
	17
	−6



	SI
	1721.71
	−0.6
	4
	−15



	EE
	1437.79
	20.4
	11
	−13



	LU
	690.44
	9.8
	−20
	−40



	CY
	499.40
	−6.3
	−5
	−24



	MT
	65.46
	−13.7
	5
	−19







Explanation: red color—EU countries that have not yet reached the 2020 GHG limit in 2018; green color—EU countries that have reached the 2020 GHG limit in 2018. Source: [12,14].
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