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Abstract

:

The aims of this study were to calculate greenhouse gas (GHG) emissions and to identify the trends of GHG emission intensity, based on meat production from the livestock sector in Indonesia, which had not been done before. The total emissions from the livestock sector from 2000 to 2015 in Indonesia were calculated using the 2006 Intergovernmental Panel on Climate Change Guideline (2006 IPCC GL) using Tier 1 and Tier 2, with its default values and some of the country specific data that were found in the grey literature. During 2000 to 2015, the change from the Tier 1 to Tier 2 methods resulted in an approximately 7.39% emission decrease from enteric fermentation and a 4.24% increase from manure management, which resulted in a 4.98% decrease in the total emissions. The shared emission from manure management increased by about 9% and 6% using Tier 1 and Tier 2, respectively. In contrast with the total emissions, the overall emission intensity in Indonesia decreased (up to 60.77% for swine), showing that the livestock productivity in Indonesia has become more efficient. In order to meet the meat demand with less GHG emissions, chicken farming is one option to be developed. The increased emission and share from manure management indicated that manure management system needs to be of concern, especially for beef cattle and swine.
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1. Introduction


Climate change has become a major environmental problem. Since the Industrial Revolution, anthropogenic greenhouse gasses (GHG), such as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) have increased in the atmosphere and have caused climate change. CH4 and CO2 levels have increased by 148% and 38%, respectively, as of 2009, above preindustrial levels, resulting in an increase in the average temperature of the Earth’s surface by 0.6 °C, since the late 1800s [1]. In 2010, the total anthropogenic GHG emission was 49 ± 4.5 GtCO2-eq/year [2]. The agricultural sector was the largest contributor to the global anthropogenic CH4 and N2O, accounting for 56% of the emissions in 2005. The annual CH4 and N2O emissions from agriculture in 2010 were estimated to be 5.2 to 5.8 GtCO2-eq/year and comprised about 10 to 12% of the global anthropogenic emissions [1].



In 2007, the World Bank and the Department for International Development of the United Kingdom (DFID) released data, which suggested Indonesia as the third largest CO2 emitter country [3]. In 2000, Indonesia’s agriculture contributed to 5% of the national GHG emissions, with the emissions from enteric fermentation and manure management accounting for 18.14% and 2.57%, respectively, of the agricultural contribution [3]. In 2009, following the commitment of the Government of Indonesia (GOI) to actively participate in reducing its emissions through the National Appropriate Mitigation Action (NAMA), Indonesia committed to a 26% reduction in carbon emissions from Business-As-Usual (BAU) by 2020 [3]. Moreover, Indonesia through the first Nationally Determined Contribution (NDC) in 2016, also committed that, beyond 2020, it would contribute to the concerted effort to prevent a 2 °C increase in the global average temperature and to pursue efforts to limit the temperature increase to 1.5 °C above the pre-industrial levels. Indonesia has adopted the 2006 Intergovernmental Panel on Climate Change Guideline (2006 IPCC GL), using the Tier 1 approach [3], and plans to use Tier 2 for its national GHG emission inventory.



Population growth, increases in per capita consumption, and changes in diets, lead to the consumption of more livestock products and are the main drivers of agriculture product demand growth [2], thus, an increase in the livestock population. This leads to an increase of manure production and GHG emissions from the livestock sector. From 2009 to 2014, the meat consumption in Indonesia increased by 21.43% [4,5]. In 2015, the total livestock population in Indonesia increased by 40.08%, compared to the 2000 population [5,6]. The largest population of livestock in Indonesia is chicken, followed by duck, goats, sheep, beef cattle, swine, buffalo, dairy cattle, and horse [6].



Mitigation for GHG emissions can be applied in various levels, including in the commodity level. A commodity-specific assessment helps to show the potential impact of promising farm mitigation measures when extrapolated across the whole industry [7]. An option for reducing GHG emissions from agriculture is to minimize the impact of the various commodities on the environment [7]. In the context of human food security, the most relevant measure is ‘emissions intensity’, which expresses the quantity of gases that are produced per animal for a unit of production. This measurement reflects most accurately the management, feeding, and manure systems of the livestock in developing countries, and the effects of the given mitigation practices [8].



Therefore, this study was conducted (i) to calculate the GHG emissions from the livestock sector, using the Tier 1 and Tier 2 methods of the 2006 IPCC GL, and (ii) to identify the trends of emission intensity from each commodity, by calculating the emission intensity from the livestock sector. This study has focused on manure management because the livestock sector in Indonesia is growing, which produces a large amount of manure, and if it is improperly handled, it can cause an environmental problem. Therefore, this study is expected to help reflect the actual emission from the livestock sector. Moreover, the trends of the emission intensity in Indonesia can help the decision-making that is related to the livestock sector in Indonesia.




2. Materials and Methods


2.1. Country-Specific CH4 EF for Manure Management in Indonesia


In order to calculate the country-specific emission factor (EF) for CH4 for manure management, volatile solid (VS) data were needed. The VS data were collected from the Indonesian literature, such as from research reports, theses, working papers, etc. (Table 1). The calculation for CH4 EF, based on the 2006 IPCC GL, is as follows:


  E  F  ( T )   = ( V  S  ( T )   × 365 ) × [  B  o ( T )   × 0.67   kg /  m 3  ×   ∑   S , k       MCF    (  S , k  )      100   × M  S  ( T , S K )   ]  



(1)







In Equation (1), EF(T) is the annual CH4 emission factor for the livestock category, T (kg CH4/animal/year); VS(T) is the daily volatile solid that is excreted for livestock category, T (kg dry matter/animal/day); Bo(T) is the maximum methane producing capacity for manure that is produced by livestock category, T (m3 CH4/kg of VS excreted); MCF(s,k) is the methane conversion factors for each manure management, S, by the climate region, k (%); and MS(T,S,k) is a fraction of the livestock category’s, T’s, manure that is handled using the manure management system, S, in the climate region, k. The country-specific Bo, MCF, and MS for Indonesia were unavailable and, thus, the default values from the 2006 IPCC GL were used. The default values from the 2006 IPCC GL were based on the Asian region’s characteristic for dairy cattle, beef cattle, buffalo, and swine, and were based on developing countries for other livestock, such as goat, sheep, duck, chicken, and horse. The annual average temperature in Indonesia from 1961 to 2015 was 26 °C [9,10], so the warm characteristic (26 °C) MCF was used.




2.2. Country-Specific Nex for Manure Management in Indonesia


The country-specific nitrogen excretion (Nex) data were needed to calculate the country-specific N2O emission from the manure management. The country-specific nitrogen excretion rates were either taken directly from the documents or reports, such as the agricultural industry and scientific literature, or were derived from the information on the animal nitrogen intake and retention [10]. The official country-specific Nex from the Indonesian government was unavailable, therefore, in this study, the country-specific Nex data were obtained from Indonesian documents, such as non-peer reviewed papers and the theses, referred to as grey literature [20] by the IPCC (Table 1). The default Nex from the 2006 IPCC GL was expressed per 1000 kg animal mass, so that in order to calculate the Nex, the average body weight (ABW) was needed. The country-specific ABW for the livestock that was unavailable was replaced by the default ABW from the 2006 IPCC GL.




2.3. GHG Emissions from the Livestock Sector in Indonesia


The emissions from the livestock sector were calculated using the Tier 1 and Tier 2 methods. The Tier 1 method used the default values from the 2006 IPCC GL. Because of the lack of availability of country-specific data, the Tier 2 method was calculated using country-specific data and the default values from the 2006 IPCC GL. After the emissions were calculated, the unit was converted to the CO2 equivalent (CO2-eq) by multiplying the emission with the global warming potential (GWP) for each gas. The GWP for CH4 was 25 and for N2O it was 298 in a 100 year basis [21]. The total GHG emissions from the livestock sector in Indonesia were calculated based on the livestock population of all of the livestock categories in Indonesia (Table 2). To determine the emission intensity, the total GHG emissions were calculated, based on the number of slaughtered animals that were meat-producing livestock (beef cattle, buffalo, sheep, goat, swine, horse, and broiler chicken). The number of slaughtered animals was obtained based on the calculation of the living animal populations in Indonesia, from the Livestock and Animal Health Data Collection Guideline [21], as follows:


Pt = Po + B − D − S − E + I



(2)




where Pt is animal population in year t; Po is the early population (early population in year t or last population from the year before t); B is the birth of livestock in year, t (Po × birth percentage); D is the death of livestock in year, t (Po × death percentage); S is slaughtered animals; E is exported animals; and I is imported livestock. The calculation is shown in Table 3.




2.4. Methane Emissions


Methane was emitted from two sources, namely, enteric fermentation and manure management. The CH4 emission was calculated by multiplying the emission factor and the number of livestock for each category. The CH4 emissions were calculated using Equation (3) from the 2006 IPCC GL [10], as follows:


  C  H 4    Emission =   ∑    ( T )      (   EF    ( T )    ×   N    ( T )    )     10  6     



(3)







CH4 emission is the CH4 emission emitted (Gg/year), EF(T) is the emission factor for each livestock category (kg CH4/head/year), while N(T) is the animal population for each livestock category (head). The emission factors (EFs) for the enteric fermentation were the default EFs of the regional characteristic in Asia, for dairy and beef cattle, and were the developing countries’ characteristics for the other livestock. The country-specific EF for the enteric fermentation in Indonesia was available for the weaning beef cattle (18.18 kg CH4/head/year), growing beef cattle (27.18 kg CH4/head/year), and mature beef cattle (55.89 CH4/head/year) [23].



The calculation of the CH4 emissions from the manure management using the Tier 1 method used the default values from the 2006 IPCC GL. The GHG emissions using the Tier 2 method were calculated using available the country-specific EFs and the default EFs if the country-specific EFs for some of the livestock were unavailable. The default EFs for the CH4 from the manure management were based on the Asian characteristics with an average temperature 26 °C and from the developing countries from the 2006 IPCC GL.




2.5 Nitrous Oxide Emissions


The calculation for N2O was consisted in two ways, namely, direct and indirect emission. Direct emission was emission that occurred via nitrification and denitrification of nitrogen that was contained in the manure during the storage and treatment [10]. The emission was calculated using Equation (4) from the 2006 IPCC GL [10], as follows:


   N 2   O  D ( MM )   =  [    ∑  S   [    ∑  T  (  N   ( T )    ×   N   ex  ( T )    ×   MS    (  T , S  )    )  ]  ×   EF   3  ( S )     ]  ×   44   28    



(4)







N2OD(MM) is the direct N2O emissions from the manure management in the country (kg N2O/year); N(T) is the number of heads of livestock species per category, T, in the country; Nex(T) is the annual average, N, excretion per head of the species per category, T, in the country (kg N/animal/year); MS(T,S) is the fraction of the total annual nitrogen excretion for each livestock species per category, T, that is managed in the manure management system, S, in the country; and EF3(S) is the emission factor for direct N2O emissions from manure management system, S, in the country (kg N2O-N/kg N). The MS for Indonesia was unavailable so the MS value was based on the default from the 2006 IPCC GL.



Indirect emission was the result of the volatile nitrogen losses that occurred primarily in the forms of ammonia (NH3) and nitrogen oxide (NOx) [10]. Indirect N2O emission was generated by the manure deposited on pasture, range, and paddock by grazing animals. Indirect N2O emission from the livestock manure management was included in the emissions from the managed soils, therefore, the indirect N2O in this study was excluded.




2.6. GHG Emission Intensity


Emission intensity represented the amount of emissions by livestock per production unit. In this study, the emission intensity was based on the total emissions for the meat production. The use of meat production in the emission intensity measurement could reflect the management, feeding, and manure systems of the livestock. The livestock that were included in the emission intensity calculation were meat-producing commodities, such as beef cattle, buffalo, sheep, goat, swine, horse, and broiler chicken (Table 4). The total GHG emissions were calculated using the number of slaughtered animals. The meat production data were obtained from the Statistic on Livestock [6,22], and the Statistic of Livestock and Animal Health [4,5]. Meat production was defined as the carcass that resulted from livestock slaughtered, plus the edible offal during a certain period and in a certain region [23]. The GHG emission intensities were calculated using Equation (5), as follows:


     Emission   intensity   (   kgCO  2  − eq / kg   meat ) =       Total   GHG   emission   of   slaughtered   animals   per   category    (    kgCO  2  − eq  )    Meat   production    (  kg  )        



(5)









3. Results and Discussion


3.1. Country-Specific Data Source


Indonesia planned to use the 2006 IPCC GL Tier 2 to calculate the emissions from the livestock sector. Hence, Indonesia through that the Indonesian Research Institute of Animal Production had started to develop country-specific data, such as the CH4 EF from the enteric fermentation in beef cattle and the VS in swine, for the CH4 emissions from manure management [12]. However, the country-specific data for the CH4 and N2O emissions from the manure management in other livestock categories were not developed yet. Non-published/non-peer-reviewed sources, often called grey literature (e.g., industry journals, internal organizational publications, non-peer-reviewed reports, or working papers of research institutions, proceedings of workshops, etc.) may have contained highly relevant information [21]. Therefore, the grey literature that was available in Indonesia could be used to complete the previous data for calculating the emissions, using Tier 2 method. However, the use of this literature brought an extra responsibility for the author teams, to ensure the quality and validity of the cited sources and information [21].



In this study, the data were collected from published papers in Indonesia. Those papers were considered to be grey literature, because they were mostly published by organizations or research institutions in Indonesia. However, the data showed the actual situation of the livestock in Indonesia, because the research was conducted based on their actual conditions, including feed, breed, and climate.




3.2. Country-Specific CH4 EF for Manure Management in Indonesia


Country-specific VS data from the Indonesian grey literature were available for dairy cattle and swine. The country-specific VS in swine varied from the average by 0.45 kg/head/year [12]. The average CH4 EF in swine was 9.63 kg CH4/head/year. The country-specific CH4 EF for dairy cattle and swine were 1.25 and 1.6 times higher, respectively, than the default EF (Table 1). This might have been attributed to the difference of the feeding type between Indonesia and the countries that the IPCC had used to determine the default value. The default values of Asia and the developing countries characteristics’ from the 2006 IPCC GL covered information from several countries. However, the difference in the region and livestock species varied among these countries, so that the type of feed, including roughage and forages, also varied. This variation resulted in a different excretion of VS. In Indonesia, the ruminants were mostly raised by traditional farmers. The feed for livestock was low-quality feed or crop waste, which was low in digestibility and high in fiber, resulting in the high excretion of the nutrients that were contained in the manure. Dustan [25] stated that the VS of manure from the animal category would vary with diet and other factors, such a straw addition.




3.3. Country-Specific Nex for Manure Management in Indonesia


The Nex data from Indonesia were available for mature dairy cattle (>3 years), growing beef cattle (1–2 years), growing buffalo (1–2 years), weaning sheep (<6 months), weaning goat (<6 months), and broiler chicken [22] (Table 1). The default Nex showed a higher value than the country-specific Nex. The default Nex from the mature dairy cattle, growing beef cattle, growing buffalo, weaning sheep, weaning goat, and chicken broiler were 2.18, 2.11, 4.12, 6.82, 3.84, and 2.46 times higher, respectively, than the country-specific Nex (Table 1). In general, the differences of the Nex between default from the 2006 IPCC GL and the country-specific might have been attributed to the feeding system, including the type of feed. In Indonesia, the livestock, mostly ruminants, were raised by small farmers. The farmers mostly used sources around the neighborhood or used crop waste like straw, which was low in nutrition, especially protein. Furthermore, additional feed, such as high protein feed, usually was not given to the livestock. Low protein intake resulted in the low Nex. Nevertheless, chicken farms were mostly run by medium to big farmers, with a concern for the quality and nutritional value of the feed, as well as the high digestible feed that affected the amount of nutrients that were excreted. Feeding with high quality protein sources and balancing amino acids allowed producers to reduce the amount of nitrogen that needed to be fed and also decreased the Nex [26].




3.4. GHG Emissions from Livestock Sector in Indonesia


Beef cattle was the major emitter of the emissions from enteric fermentation in 2000 to 2015, accounting for 66 to 71% of the Tier 1 and 63 to 68% of the Tier 2 methods (Figure 1A). This high contribution was attributed to the higher EF for the enteric fermentation in beef, compared with other animals in Indonesia. Emission from enteric fermentation had shown a decrease when the Tier 1 was changed to Tier 2 method. From 2000 to 2015, the decrease was approximately 7.39% in average. The cause of this decrease was the lower country-specific EF for beef cattle than for the default EF. The reason was that even though the beef cattle in Indonesia was still raised by small farmers without proper feed management, farmers had started to adopt a supplementation of feed by using leguminous leaves or concentrate, which would increase the quality of the basal feed [23]. Other reasons that were attributed to the low EF were the different of average live weight in Indonesia and the default. The livestock live weight in Indonesia varied between 100 to 400 kg, depending on the growth phase [23], while the default live weight varied from 200 kg to 450 kg, depending on the growth phase, sex, and feeding situation [10]. The nutritional need of the animal depended on the live weight of the animal itself. The large animals consumed more feed than the small animals, resulting in a higher emission of the gases that were produced by digestion, including CH4.



Beef cattle and swine were the major contributors of the emission from the manure management (Figure 1B). The nitrogen excretion from beef cattle was high compared with other livestock, except for dairy cattle, buffalo, and horse, however the beef cattle population was higher than the dairy cattle, buffalo, and horse population, so the beef cattle contributed more N2O emissions than the dairy cattle, buffalo, and horse. This also applied to the swine. The methane EF for the swine was the second highest after dairy cattle. Dairy cattle had the highest CH4 EF, but its population was less than the swine population, so the emission from the dairy cattle was less than that of the swine. Additionally, even though chicken had the largest population among all of the livestock, the VS and Nex values were low. This resulted in a lower contribution of the total emissions from manure management than the beef cattle and swine. High CH4 EF was affected by the high value of methane conversion factor (MCF) and the fraction of manure management system (MS). MCF was the percentage of the manure’s methane-producing capacity. According to IPCC [10], 40% of the manure from swine was handled using liquid/slurry with MCF by 78%, resulting in a high CH4 EF. This showed that the CH4 was highly produced in the liquid/slurry manure handling system, resulting in high CH4 emissions. There was an increase of 4.24% in the emissions from manure management when the calculation method was changed from Tier 1 to Tier 2, during 2000 to 2015 period (Figure 1B). This increase was attributed to the high emission, especially the CH4 emission, by the major emissions contributors, beef cattle and swine, because of the higher country-specific VS excretion than the default VS contribution, which caused higher CH4 EF.



The total emissions from the livestock sector had decreased by approximately 4.98% during 2000 to 2015, when the calculation was changed from the Tier 1 to Tier 2 method. This was attributed to the lower emissions from enteric fermentation using the Tier 2 method, compared with using the Tier 1 method, especially from the highest contributor, beef cattle. The shared emissions from the enteric fermentation and the total emissions from the livestock sector showed a decrease by as much as approximately 2.27% and 1.64% for the Tier 1 or Tier 2 methods, from the period 2000 to 2015 (Figure 2). However, during the same period, the shared emissions from the manure management to the total emissions from the manure management increased by 9% and 6%, using the Tier 1 and Tier 2 methods, respectively (Figure 2). This indicated that the manure management in Indonesia became more important and needed more attention than before, as it could cause environmental problems if improperly handled. In many cases in Indonesia, running water coming from livestock stalls or as the result of watering, flooded the surrounded terrain, which caused pollution of water bodies. Moreover, it caused air pollution, because of the decomposition of livestock organic waste that was disposed of and, when stacked and mounted improperly, could produce harmful gas [27]. There were several options to reduce GHG emissions from manure management, including physical process, such as drying and manure separation, chemical process using additives, or biological process such as anaerobic and aerobic treatment [28]. However, manure separation, aerobic digestion, aeration, and the use of additives and inhibitors to treat the manure from livestock were considered as modern technology and were generally are not feasible because of the high cost, low accessibility, the requirement of high technology, and a lack of knowledge. Simple techniques such as piling, compacting, and covering the manure could be options and have positive effects on reducing emissions and nutrient losses [29].




3.5. GHG Emission Intensity


Overall, the emission intensity for livestock in Indonesia showed a reduction from 2000 to 2015. The highest reduction was shown for swine, by 60.77%, from 2000 to 2015 (Figure 3). The decrease of the emission intensity showed that the livestock management became more efficient. The efficiency was reflected from the increase of production (the increase of carcass weight per head of slaughtered animal) that compensated the increase of the GHG emissions that were produced by the livestock, resulting in the decrease of the emission intensity. The carcass weight was calculated by dividing the meat production by the number of slaughtered animals. However, the increase of carcass weight in swine, based on the Livestock Statistic, was unreasonable. The reason was that when the meat production data were divided by the number of slaughtered swine, to determine the carcass weight, the result was higher than the average carcass weight in Indonesia. The carcass weight reached 162.4 kg in 2015. The average carcass weight in Indonesia varied depending on the species and age of slaughter. For example, the carcass weight for Landrace swine, slaughtered at 3 to 4 months of age, was 48 to 50 kg [30] and the Duroc pig varied between 80.38 kg to 112.18 kg for slaughter from 8 to 12 months of age [31]. The unreasonable carcass weight from the Livestock Statistic might have been caused by the irrelevant number of slaughtered animals from the statistic. Compared with the swine population each year, the number of slaughtered swine was small. This was because of the unavailable records of the number of livestock that were slaughtered in the slaughter house, since the data were obtained only from the registered slaughter house and at the certain period of time. In this study, the number of slaughtered swine was calculated using the equation for livestock population from the Livestock and Animal Health Data Collection Guideline (Equation (2), Table 3). In Equation (2), the number of slaughtered animals was determined from several indicators, such as the livestock population, birth and death rate, and the export and import of livestock. Using Equation (2), the swine carcass weight showed a reasonable number and was in the range of the average swine carcass weight in Indonesia when the meat production was divided by the number of slaughtered swine (Table 4), indicating that the number of slaughtered swine from the calculation was correct.



Ruminants, such as buffalo, beef cattle, sheep, and goat, showed a high emission intensity. High emission intensity is caused by the low productivity, compared to the emission produced. Emission intensity was usually related to management practices. The high GHG emission intensities were driven by low animal productivity across large areas of arid lands, the use of low-quality feeds, feed scarcity, and animals with low productive potential that were often used for draft power and to manage household risk, as well as for production [32]. In Indonesia, ruminants were mostly raised traditionally by smallholders and more than 90% of the beef cattle production in Indonesia were derived from small holder cattle operations, often with only 2–3 cattle per household [33]. Beef and dairy cattle, especially in developing countries, represented the largest source of livestock-related emissions because of both the abundance of these animals and the fact that emissions per animal were substantially higher for cows than for the other livestock categories [34]. For this reason, the substitution of swine and poultry for beef was an option for mitigating livestock emissions [34]. However, considering Indonesia as the largest Muslim country, the substitution of swine for beef was hardly possible. The possible mitigations would have been development from ruminant farming, following intensification and better management practices, and the development of chicken farming.



The broiler chickens showed the lowest emission intensity. The low emission intensity in chicken was caused by the equality of the increase of the GHG emissions and the increased production. Low emission intensity reflected that there was a more efficient production because of the compensation of productivity to the GHG emission [35]. In most cases, swine and poultry farms were industrial farms that used the ideal feed ration to meet the nutritional need of the livestock, resulting in feed efficiency that led to greater production. In the application of the livestock industry, the enzymes were widely added to the feeds for the pigs and poultry, and these contributed (with breeding) to the substantial gains in the feed conversion efficiency that were achieved [36]. The industrial pig and poultry sectors consumed high quality, balanced concentrate diets, and tended to use animals of high genetic potential [35].





4. Conclusions


In the process of the 2006 IPCC GL Tier 2 method application, Indonesia requires more observation on the country-specific data, especially for manure management, which are VS and Nex. Country-specific data are more certain than the default values, thus the improvement of the country-specific data is needed. Data presented in any grey literature such as publication, research papers, and theses, can be obtained and used to estimate the GHG emissions with the Tier 2 method, in accordance with the rules and regulations that have been set by the IPCC. However, further research should be taken to assure the use of grey literature as a data source for building up country-specific data in Indonesia. There was an irrelevant number of slaughtered swine from the Livestock Statistic. Hence, to calculate the carcass weight of swine in Indonesia, the number of slaughtered swine can be calculated using Equation (2) from the Livestock and Animal Health Data Collection Guideline, in order to get the correct number. For this reason, Indonesia needs to improve its livestock statistic, in order to provide the accurate information. In this study, although only some of the country-specific data were used, there was an increase in emissions from the manure management when the Tier 1 method was changed to the Tier 2 method, with beef cattle and swine as major emitters. Moreover, enteric fermentation was the main source for GHG emissions from the livestock sector, but the share of GHG emissions from the manure management had increased during 15 years period, indicating that manure production increased and manure should be handled more seriously. The overall emission intensity in Indonesia decreased, indicating there had been better production. Higher emission intensities were showed by ruminants, whereas the lowest emission intensity was shown by chicken. Emission intensity could be lowered by increasing the production along with a decrease in emissions. This could be achieved by the improvement of livestock management practices, such as diets, genetic, health, and manure management. Management improvement can increase production and lower the emission, and thus, lower the emission intensity. In conclusion, in order to supply the meat demand and reduce the environmental impact of the livestock industry, chicken farming could be the first option to be developed considering its efficiency, while the improvement of management practices is needed for other livestock, especially ruminants, to increase productivity. Manure management should also be of concern, especially for beef cattle and swine. Simple techniques such as pile stocking or covering can be applied to reduce the GHG emissions in Indonesia.
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Figure 1. Greenhouse gas emissions from enteric fermentation and manure management system in Indonesia. (A) Year 2000 to 2015 emissions from enteric fermentation in Indonesia; Tier 1: default value, Tier 2: default and country-specific data; (B) Year 2000 to 2015 emissions from manure management in Indonesia. Other included sheep, goat, and horse livestock. Poultry included broiler chicken, layer chicken, native chicken, and duck. 
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Figure 2. Year 2000 to 2015 greenhouse gas (GHG) emissions from the livestock sector in Indonesia. 
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Figure 3. Total emissions were based on slaughtered animals from 2000 to 2015 by livestock categories. (A) Trends of emission intensity using the Tier 1 method from 2000 to 2015; (B) trends of emission intensity using the Tier 2 method. 
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Table 1. Comparison of country-specific volatile solid (VS), nitrogen excretion (Nex) and the 2006 Intergovernmental Panel on Climate Change Guideline (2006 IPCC GL) default VS and Nex for manure management.
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Category

	
Sub Category

	
ABW (kg)

	
VS (kg VS/Head/Day)

	
EF (kg CH4/Head/Year)

	
N Value




	
C-S

	
D

	
C-S

	
D

	
C-S

	
D

	
C-S Nex (kg N/Head/Year/)

	
D Nrate (kg N/1000 kg/Day)

	
D Nex (kg N/Head/Year)






	
Dairy cattle

	
Weaning

	
NA

	
350

	
3.80 (g)

	
2.8

	
38.62

	
28

	
NA

	
0.47

	
60.04




	
Growing

	
NA

	
NA




	
Mature

	
415.42 (a)

	
27.59 (a)




	
Beef cattle

	
Weaning

	
NA

	
319

	
NA

	
2.3

	
NA

	
1

	
NA

	
0.34

	
39.59




	
Growing

	
200 (b)

	
NA

	
NA

	
18.76 (h)




	
Mature

	
NA

	
NA

	
NA

	
NA




	
Buffalo

	
Weaning

	
NA

	
380

	
NA

	
3.9

	
NA

	
2

	
NA

	
0.32

	
44.38




	
Growing

	
164.1 (c)

	
NA

	
NA

	
10.77 (c)




	
Mature

	
NA

	
NA

	
NA

	
NA




	
Sheep

	
Weaning

	
15.5 (d)

	
28

	
NA

	
0.32

	
NA

	
0.20

	
2.38 (d)

	
1.17

	
11.96




	
Growing

	
NA

	
NA

	
NA

	
NA




	
Mature

	
NA

	
NA

	
NA

	
NA




	
Goat

	
Weaning

	
21.53 (e)

	
30

	
NA

	
0.35

	
NA

	
0.22

	
4.15 (e)

	
1.37

	
15.00




	
Growing

	
NA

	
NA

	
NA

	
NA




	
Mature

	
NA

	
NA

	
NA

	
NA




	
Swine

	
Weaning

	
16 (b)

	
28

	
0.14 (b)

	
0.3

	
3.00

	
6

	
NA

	
0.42

	
4.29




	
Growing

	
60 (b)

	
0.51 (b)

	
10.92

	
NA




	
Mature

	
100 (b)

	
0.70 (b)

	
14.98

	
NA




	
Chicken, broiler

	
Finisher

	
1.46 (f)

	
NR

	
NA

	
0.01

	
NA

	
0.02

	
0.24 (f)

	
1.10

	
0.59 *








(a) [11]; (b) [12]; (c) [13]; (d) [14]; (e) [15,16]; (f) [17]; (g) [18]; (h) [19]; ABW—average body weight; C-S—country-specific; D—default; NR—not reported; NA—not available; * Nex were calculated based on default Nex (kg 1000 kg mass/animal/day) and default ABW; ** Calculated using ABW from country-specific data; NA—not available.













[image: Table] 





Table 2. The 2000 to 2015 livestock population in Indonesia.
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Livestock Category

	
Sub-Category

	
Portion (a) (%)

	
Population (×1000 Heads) (b)




	
2000

	
2005

	
2010

	
2015






	
Dairy cattle

	
Weaning

	
22

	
77.9

	
79.4

	
107.5

	
114.1




	
Growing

	
24

	
85.0

	
86.6

	
117.2

	
124.5




	
Mature

	
54

	
191.2

	
194.9

	
263.8

	
280.1




	
Beef cattle

	
Weaning

	
19

	
2091.5

	
2008.1

	
2580.5

	
2929.7




	
Growing

	
26

	
2862.1

	
2747.9

	
3531.2

	
4009.1




	
Mature

	
55

	
6054.4

	
5813.0

	
7469.9

	
8480.8




	
Buffalo

	
Weaning

	
16

	
384.8

	
340.5

	
319.9

	
215.5




	
Growing

	
21

	
505.1

	
446.9

	
419.9

	
282.9




	
Mature

	
63

	
1515.2

	
1340.6

	
1259.8

	
848.6




	
Sheep

	
Weaning

	
28

	
2079.6

	
2331.6

	
3003.1

	
4766.9




	
Growing

	
26

	
1931.0

	
2165.0

	
2788.6

	
4426.4




	
Mature

	
46

	
3416.4

	
3830.4

	
4933.7

	
7831.4




	
Goat

	
Weaning

	
27

	
3392.8

	
3620.4

	
4487.3

	
5133.5




	
Growing

	
27

	
3392.8

	
3620.4

	
4487.3

	
5133.5




	
Mature

	
46

	
5780.4

	
6168.1

	
7645.0

	
8745.9




	
Swine

	
Weaning

	
32

	
1714.2

	
2176.3

	
2392.5

	
2498.6




	
Growing

	
33

	
1767.8

	
2244.3

	
2467.3

	
2576.7




	
Mature

	
35

	
1875.0

	
2380.4

	
2616.8

	
2732.8




	
Chicken, broiler

	
Finisher

	
100

	
530,874.0

	
811,189.0

	
986,871.7

	
1,528,329.2




	
Chicken, native

	
Weaning

	
36

	
93,332.5

	
100,423.4

	
92,715.9

	
102,709.5




	
Growing

	
32

	
82,962.2

	
89,265.3

	
82,414.1

	
91,297.4




	
Mature

	
32

	
82,962.2

	
89,265.3

	
82,414.1

	
91,297.4




	
Chicken, layer

	
Weaning

	
10

	
6936.6

	
8479.0

	
10,521.0

	
15,500.7




	
Growing

	
11

	
7630.3

	
9326.9

	
11,573.1

	
17,050.8




	
Mature

	
79

	
54,799.1

	
66,984.1

	
83,115.9

	
122,455.8




	
Duck

	
Weaning

	
16

	
4645.6

	
5184.8

	
7088.3

	
7251.5




	
Growing

	
21

	
6097.4

	
6805.1

	
9303.4

	
9517.6




	
Mature

	
63

	
18,292.1

	
20,415.2

	
27,910.3

	
28,552.9




	
Horse

	
Weaning

	
19

	
78.3

	
73.5

	
79.5

	
81.8




	
Growing

	
23

	
94.8

	
89.0

	
96.3

	
99.0




	
Mature

	
58

	
239.0

	
224.5

	
242.8

	
249.6




	
Total

	
928,061.0

	
1,249,320.0

	
1,445,237.9

	
2,075,524.1








(a) [5]; (b) [4,5,6,22].
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Table 3. Calculation for the number of slaughter animal for swine.
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	Year
	Po

(heads)
	%B a
	B

(heads)
	%D a
	D

(heads)
	E

(heads)
	I

(heads)
	Pt

(heads)
	S

(heads)





	2000
	7,041,820 b
	95.12
	6,698,179
	19.59
	1,379,493
	443,322 b
	227,263 b
	5,356,834
	6,787,614



	2005
	5,980,148 c
	95.12
	5,688,317
	19.59
	1,171,511
	1,145,434 c
	239,341 c
	6,800,698
	2,790,163



	2010
	6,975,000 d
	95.12
	6,634,620
	19.59
	1,366,403
	226,533 d
	219,694 d
	7,477,000
	4,759,379



	2015
	7,694,000 e
	95.12
	7,318,533
	19.59
	1,507,255
	486,541 e
	202,971 e
	7,808,087
	5,413,621







Based on the survey of the livestock household from 2008 by BPS-Statistic Indonesia and the Directorate General of Livestock Services (a–e): a [5]; b [6]; c [22]; d [4]; e [5].
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Table 4. The 2000–2015 livestock production in Indonesia.
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Livestock

	
Year

	
Meat Production




	
Total Slaughter (Heads)

	
Average Carcass Weight (kg)

	
Total Meat Production (Tonnes) a






	
Beef cattle

	
2000

	
1,695,374

	
200.5

	
339,900




	

	
2005

	
1,653,770

	
216.9

	
358,700




	

	
2010

	
2,068,706

	
211.0

	
436,500




	

	
2015

	
2,175,000

	
233.0

	
506,700




	
Buffalo

	
2000

	
213,450

	
215.0

	
45,900




	

	
2005

	
163,848

	
232.5

	
38,100




	

	
2010

	
176,198

	
203.7

	
35,900




	

	
2015

	
143,000

	
247.6

	
35,400




	
Sheep

	
2000

	
1,873,368

	
24.0

	
44,900




	

	
2005

	
1,228,277

	
38.5

	
47,300




	

	
2010

	
1,574,826

	
28.5

	
44,900




	

	
2015

	
990,000

	
44.9

	
44,500




	
Goat

	
2000

	
2,385,025

	
14.0

	
33,400




	

	
2005

	
2,451,584

	
20.6

	
50,600




	

	
2010

	
2,354,542

	
29.2

	
68,800




	

	
2015

	
1,919,000

	
33.8

	
64,900




	
Swine *

	
2000

	
1,459,214

	
111.3

	
162,400




	

	
2005

	
1,646,482

	
105.5

	
173,700




	

	
2010

	
1,563,353

	
135.6

	
212,000




	

	
2015

	
2,033,000

	
162.4

	
330,200




	
Swine **

	
2000

	
6,787,614

	
23.93

	
162,400




	

	
2005

	
2,790,163

	
62.25

	
173,700




	

	
2010

	
4,759,379

	
44.54

	
212,000




	

	
2015

	
5,413,621

	
60.99

	
330,200




	
Chicken, broiler ***

	
2000

	
530,874,000

	
1.0

	
555,218




	

	
2005

	
811,189,000

	
1.3

	
1,080,500




	

	
2010

	
986,872,000

	
1.2

	
1,214,300




	

	
2015

	
1,528,329,000

	
1.3

	
2,030,900




	
Horse

	
2000

	
7219

	
138.5

	
1000




	

	
2005

	
10,565

	
151.4

	
1600




	

	
2010

	
17,790

	
112.4

	
2000




	

	
2015

	
13,000

	
169.2

	
2200








a [4,5,6,24]; * The number of slaughtered animals based on the livestock statistics; ** The number of slaughtered animals based on the calculations from the Livestock and Animal Health Data Guideline (2011); *** The slaughtered population was considered as much as the total population.
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