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Abstract 
Livestock production is an important source of carbon emissions, and the 
low-carbon transformation of the livestock sector is a critical path to achiev-
ing sustainable development of the global economy and society. China is one 
of the most important livestock-producing countries in the world, so it is ne-
cessary to study the evolution and predicaments of low-carbon development 
in the livestock sector and put forward a scientific and reasonable emission 
reduction path. Our study first describes the development process of the 
low-carbon livestock sector in China and calculates the carbon emissions of 
the livestock sector from 2000 to 2019. It is found that carbon emissions from 
China’s livestock sector show a trend of increasing and then decreasing con-
tinuously from 2000 to 2019, which has a great potential for emission reduc-
tion. Then the predicament of low-carbon development of the livestock sector 
in China is put forward. Finally, from the perspectives of the government, li-
vestock farmers, enterprises, the public, and other social institutions, a mul-
ti-subject collaborative mechanism is constructed, and corresponding imple-
mentation paths are designed, to provide theoretical support and suggestions 
for accelerating the low-carbon transformation of the livestock sector in China. 
 

Keywords 
Low Carbon, Livestock Sector, Carbon Emission, Emission Reduction Path 

 

1. Introduction 

Livestock production is an important source of carbon emissions. According to 
relevant statistics, global livestock production accounts for about 12% - 18% of 
the total greenhouse gas emissions from human activities (Allen et al., 2019; 
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Persson et al., 2015). Carbon emission involves carbon dioxide, methane, chlo-
rine oxide, perfluorocarbons, hydrofluorocarbons, sulfur hexafluoride and other 
greenhouse gas emissions. Livestock production contributes to about 37% of 
methane (CH4) emissions and 65% of nitrous oxide (N2O) emissions worldwide 
(FAO, 2006; Herrero et al., 2016). It has become an important source of 
non-CO2 greenhouse gas (GHG) emissions (Herrero et al., 2016; Streets et al., 
2003). As the demand for livestock products increases, particularly in developing 
countries such as China, GHG emissions from livestock production are expected 
to increase further and become an important factor in global warming (Caro et 
al., 2014; Dangal et al., 2017). Therefore, it is very important to study the 
low-carbon development of the livestock sector.  

The low-carbon development of the livestock sector is a systematic project, 
which is inseparable from technological innovation and also needs the support 
of the government, the public and other social organizations. On the one hand, 
reducing greenhouse gas emissions from livestock production through technol-
ogical innovation is an effective way. Beach et al. (2015), Caro et al. (2016), 
Herrero et al. (2016), Cai et al. (2017) and Frank et al. (2019) summarized me-
thods for reducing CH4 emissions in the livestock sector (Beach et al., 2015; Caro 
et al., 2016; Herrero et al., 2016; Cai, Chang, & Cheng, 2017; Frank et al., 2019), 
such as improving feed efficiency (Gerber et al., 2013a; Key & Tallard, 2012; Va-
lin et al., 2013), adding lipids to daily dairy cow diets (Caro et al., 2016), replac-
ing liquid systems with solid-liquid separation systems (Du et al., 2018; Hristov 
et al., 2013; Pelletier & Tyedmers, 2010), and building biogas digesters to recycle 
methane (Brink et al., 2013). It is estimated that improved feed quality can re-
duce intestinal CH4 emissions from livestock production by 7% - 62.4% (Gerber 
et al., 2013b; Ogino et al., 2016; Zhang et al., 2018). Wang et al. (2017) reported 
that replacing liquid systems with solid-liquid separation systems can reduce 
non-CO2 (CH4 and N2O) emissions by 65% (Wang et al., 2017). Furthermore, 
using CH4 derived from fecal decomposition as a clean energy source is another 
effective option for reducing non-CO2 greenhouse gas emissions (Clemens et al., 
2006; Feng et al., 2012). On the other hand, many countries have also introduced 
corresponding policies to accelerate the process of low-carbon livestock. In 2005, 
the UK Department for Environment Food & Rural Affairs set out a ten-year re-
search plan outlining key areas for funding in livestock production technology, 
including Global warming on livestock production and its sustainable develop-
ment. In 2011, the French sustainable development formulated a series of new 
policies and regulations for low-carbon livestock such as to fully support the de-
velopment and utilization of biogas resources, and by 2020, the injection amount 
of methane gas network to reach the 1/3 of France in natural gas production at 
present, equivalent to about 200,000 households of the gas consumption. Ger-
many also has implemented many actions, such as the National Energy Efficien-
cy Action plan, the German Energy and Climate plan, among those actions re-
lating to the livestock sector, such as the integration of climate change into the 
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EU’s rural development policy. 
After years of development, China has become an important livestock sector 

country in the world, and the output of major livestock products ranks first in 
the world. However, it should also be noted that the development and manage-
ment of livestock sector in China are extensive, having problems such as back-
ward breeding technology, serious breeding pollution and high carbon emis-
sions. CH4 and N2O emissions from China’s livestock production account for 
18.7% and 23.4% of global livestock emissions, respectively (Herrero et al., 2016; 
Zhuang et al., 2019). Moreover, with the growth of China’s population, the im-
provement of people’s living standards and the acceleration of urbanization, 
people’s demand for livestock sector products will continue to increase, and 
more greenhouse gas will emissions in China if no effective measures are taken 
(Dangal et al., 2017; Du et al., 2018; Meng, 2014). China formulated an action to 
peak carbon dioxide emissions by 2030. Therefore, it is important and urgent to 
accelerate the low-carbon development of livestock sector. Nowadays, in the 
process of promoting the low-carbon development of livestock sector, the gov-
ernment is no longer the only participant. It is necessary to establish a diversified 
collaborative governance mechanism involving the government, enterprises, the 
public, universities, research institutes and other subjects. So far, there are only a 
few systematic studies on the low-carbon development of livestock sector in 
China, and the roles of different participants have not been fully considered. 
Under the new development situation, it is urgent to find out the current situa-
tion and predicament of low-carbon development of livestock sector and build 
an effective mechanism for low-carbon development of livestock sector in China.  

China is a big livestock production country in the world, reducing carbon 
emissions and promoting low-carbon development of livestock sector is not only 
related to the high-quality development of livestock sector, but also related to the 
realization of “carbon peak and carbon neutrality” target. In this background, 
this article first expounds on the development of livestock sector in China. And 
then from China’s livestock sector carbon emissions measurement to analyze its 
trend and the challenge for the current development, finally proposed to build 
multiple cooperative mechanisms and implement the path of China’s livestock 
sector low-carbon development, to promote the high-quality development of 
low-carbon livestock sector in China. 

This study enriches the relevant theoretical research on the low-carbon de-
velopment of livestock sector in China. At the same time, this paper designed the 
multi-collaborative mechanism for the low-carbon development of livestock 
sector, and developed the corresponding development path, which can provide 
practical guidance for the low-carbon development of livestock sector in China. 

2. Evolution of Low-Carbon Development of Livestock Sector  
in China 

To clearly describe the current situation of livestock sector in the development of 
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low carbon, our study first on clarifying the development of China’s low-carbon 
livestock from 1978 to the present, and then collect data and build a model. We 
measured livestock sector carbon emissions in China during 2000-2019, in order 
to intuitively understanding development trend of China’s low-carbon livestock. 

2.1. Low-Carbon Development of Livestock Sector in China 

The development process of livestock sector in China can be divided into three 
main phases (as shown in Figure 1): rapid development stage, transformation 
stage and green ecological development stage.  

2.1.1. The Rapid Development Stage (1978-1997) 
The fourth Plenary Session of the 11th CPC Central Committee in 1979 called 
for “vigorously developing livestock sector and increasing the proportion of li-
vestock sector in agriculture”, which greatly increased the enthusiasm of farmers 
to raise livestock. In March 1980, the State Council approved and transmitted 
The Report on Accelerating the Development of Livestock sector, pointing out 
that the proportion of livestock sector in agriculture should be increased, same 
as the proportion of meat, eggs, and milk in food (The State Council, 2016a). In 
1984, the total output of meat in China reached 15.4060 million tons, an increase 
of 45.01% over 10.624 million tons in 1979. In 1992, the 14th National Congress 
of the Communist Party of China formally proposed the establishment of a so-
cialist market economy system, and China’s rural reform began to shift to a 
market economy, which promoted the integration of the development of lives-
tock and industry, and built the division of labor in all aspects of the livestock 
industry chain. Then the livestock industry has developed rapidly. In general, 
China’s livestock sector economy developed rapidly in this stage, but it showed a 
trend of extensive growth, with a small breeding scale, backward breeding tech-
nology and livestock product processing technology, and simple livestock sector 
structure. 
 

 

Figure 1. Evolution characteristics of low-carbon development of livestock sector in China. 
Note: The figure is drawn by the authors based on data. 
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2.1.2. The Transformation Stage (1998-2011) 
In the late 1990s, there appeared many problems in China’s livestock sector. For 
example, the structural and regional problems, and the product safety problem. 
Therefore, China implemented a series of policies to promote the development 
of livestock sector, and macro regulation means gradually strengthened. In Oc-
tober 2001, the Ministry of Agriculture issued the Opinions on Accelerating the 
Development of Livestock sector, focusing on the adjustment and optimization 
of the structure and distribution of livestock sector (The Ministry of Agriculture, 
2001). In January 2002, the Central Rural Work Conference pointed out that we 
should unswervingly advance the strategic adjustment of agriculture and rural 
economic structure, improve the overall quality and efficiency of agriculture, 
and promote the livestock sector structure. In 2004, the Ministry of Agriculture 
formulated the Plan for the Construction of National and Industry Standards for 
Livestock sector (2004-2010). China has launched a special revision plan for 
agricultural industry standards and a series of policies to promote the develop-
ment of livestock sector (The Ministry of Agriculture, 2016). In January 2007, 
the State Council issued the Opinions on Promoting the Sustainable and Healthy 
Development of Livestock sector to promote and accelerate the transformation 
of livestock sector from traditional to modern (The State Council, 2007). In this 
stage, the rudiment of green low-carbon livestock sector begins to appear.  

2.1.3. The Green Ecological Development Stage (2012-Present) 
Since the 18th CPC Central Committee, the construction of ecological civiliza-
tion has been placed in a prominent position. In 2012, the CPC Central Com-
mittee and the State Council issued The Guidance on Accelerating the Promo-
tion of Agricultural Science and Technology Innovation and Continuously 
Strengthening the Supply and Guarantee Ability of Agricultural Products, which 
pointed out that strengthening pollution control in agriculture, and livestock 
sector has entered the stage of ecological health breeding (The Central Commit-
tee of the Communist Party of China and the State Council, 2012). After that, 
China introduced a series of policies to standardize and guide the healthy devel-
opment of livestock sector. In November 2013, the State Council issued The 
Regulations on the Prevention and Control of Pollution from Large-scale Lives-
tock and Poultry Breeding, focusing on promoting the comprehensive utilization 
and harmless treatment of livestock and poultry breeding waste, and adhering to 
the principle of prevention first and prevention combined (The State Council, 
2016b). In June 2017, The General Office of the State Council issued The Opi-
nions on Accelerating the Resource Utilization of Livestock and Poultry Waste, 
pointing out that we should attach equal weights to the protection of supply and 
environment, and comprehensively promote the resource utilization of livestock 
and poultry waste (The State Council, 2017a). The Environmental Protection 
Tax Law, which took effect in January 2018, levied environmental taxes on far-
mers with more than 50 cattle or 500 pigs or 5000 chickens and ducks, in the 
meantime, proposing to establish a subsidy policy for increasing the organic fer-
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tilizer on agricultural land (The State Council, 2017b). In June 2018, the CPC 
Central Committee and the State Council issued The Opinions on Comprehen-
sively Strengthening Ecological Environmental Protection and Resolutely Fight-
ing the Tough Battle of Pollution Prevention and Control, which provided im-
portant instructions on many aspects, such as balancing grass and livestock, 
controlling and utilizing livestock manure (The Central Committee of the 
Communist Party of China and the State Council, 2018). These actions have 
greatly promoted the recycling of livestock and poultry waste and promoted the 
green and low-carbon development of China’s livestock sector.  

2.2. Carbon Emission Measurement of Livestock Sector in China 

The carbon emissions in livestock sector mainly come from the following as-
pects: first, the intestinal fermentation of livestock. The food fermentation in the 
intestinal of livestock will produce a large amount of methane, and the carbon 
emissions generated by different fermentation locations of livestock are differ-
ent. Second, carbon emissions are generated by the decomposition of livestock 
feces. During the decomposition process of livestock feces, methane and other 
greenhouse gases will be produced. The humidity, energy feed, digestibility and 
feces treatment will affect the carbon emissions of feces decomposition. The 
third one is the carbon emissions generated by energy consumption in the feed-
ing process, such as heating, lighting, feed production, etc.  

Our study adopts the emission coefficient method of IPCC (IPCC, 2006) to 
measure the carbon emissions of China’s livestock sector from 2000 to 2019. The 
calculation method of carbon emissions is shown in Formula (1). 

4 2CH N Ot i i i iE E E N N= + = ×α + ×β∑ ∑                (1) 

where, tE , 
4CHE , 

2N OE  refer to the total carbon emission, the corresponding 
carbon dioxide emission of CH4 and the corresponding carbon dioxide emission 
of N2O respectively. iN  refers to the average feed quantity of the ith species, 

iα  and iβ  refer to the emission factors of CH4 and N2O of the ith species, re-
spectively. CH4 mainly comes from intestinal fermentation and manure man-
agement of livestock, while N2O mainly comes from manure management of li-
vestock. As there are significant differences in the feeding period of livestock, the 
calculation of the average feeding quantity of all kinds of livestock should be ad-
justed according to whether the feeding period is longer than one year. The spe-
cific method refers to the research of IPCC (IPCC, 2006) and Hu Xiangdong 
(Hu & Wang, 2010), as shown in Formula (2). 
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where, iN  represents the average annual feeding quantity of the ith species, 
while iDA  represents the life cycle of the ith species. Generally, the life cycle of 
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the poultry, the rabbit and the pig is less than one year, which are 55d, 105d and 
200d respectively. iM  represents the annual output of the ith species, itC  
represents the year-end stock of the ith species in year t. 

CH4 emission coefficient refers to IPCC (IPCC, 2006), and N2O emission coeffi-
cient refers to Hu Xiangdong et al. (Hu & Wang, 2010). For details, see Table 1.  

According to IPCC (IPCC, 2006), the greenhouse effect indices of CH4 and 
N2O are shown in Table 2.  

The data of all kinds of livestock in this paper mainly come from China Rural 
Statistical Yearbook, China Statistical Yearbook and China Agricultural Year-
book. 

The carbon emissions of livestock sector in China from 2000 to 2019 can be 
estimated according to the Formula (1). Specific results are shown in Figure 2. 
In general, carbon emissions from China’s livestock sector industry kept grow-
ing after 2000, peaked around 2006, declined sharply in 2007, and then remained 
stable. After that, carbon emissions showed a declining trend and kept decreas-
ing. Specifically, the short-term drop in carbon emissions between 2006 and 
2007, it was caused by the influenza epidemic in 2006. And it was also affected 
by a variety of factors. For example, the Chinese government’s policy on sus-
tainable and healthy development of livestock in 2007 led to the transformation  
 
Table 1. Greenhouse gas emission coefficients (Unit: Kg/head/year). 

Livestock 
Type 

Methane Emission Factor 
Nitrous Oxide 

Emission Factor Gastrointestinal 
Fermentation 

Fecal 
Fermentation 

Poultry 0 0.02 0.02 

Rabbit 0.254 0.08 0.02 

Pig 1.00 3.50 0.53 

Cow 68.00 16.00 1.00 

Cow/Buffalo 51.40 1.50 1.37 

Horse 18.00 1.64 1.39 

Donkey 10.00 0.90 1.39 

Mule/Hinny 10.00 0.90 1.395 

Goat 5.00 0.17 0.33 

Sheep 5.00 0.15 0.33 

Camel 46.00 1.92 1.39 

 
Table 2. Greenhouse effect index of methane and nitrous oxide. 

Types of Greenhouse Gases Greenhouse Benefit Index (CO2 Equivalent) 

CH4 25 

N2O 298 
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Figure 2. The carbon emissions of livestock sector in China from 2000 to 2019. 
 
of livestock sector (The State Council, 2007); modern machines replaced beef 
cattle and buffalo with traditional functions (Hu & Wang, 2010). In 2007-2015, 
Carbon emissions from livestock sector have a relatively small change and have 
been declining since 2016. It reflects the gradual adjustment of livestock sector 
production after the impact from 2006, which is mainly reflected in the structur-
al change of livestock sector, the progress of cultivation technology and fertilizer 
management (Gao et al., 2014; Cai & Akiyama, 2017), and the improvement of 
production efficiency (Chen & Shang, 2014; Bai et al., 2018). In the long run, 
China’s livestock sector carbon emissions have a lot of room to reduce, and it 
must be imperative.  

3. Predicaments of the Low-Carbon Development of  
Livestock Sector in China 

3.1. Lack of Environmental Awareness 

With the rapid development of China’s rural economy, the income level of rural 
residents is growing daily. By 2015, the average per capita income in China’s ru-
ral areas has exceeded 10,000 yuan. However, the rural environmental pollution 
has become more serious. On the one hand, due to the lack of environmental 
awareness and driven by economic interests, farmers will randomly discharge 
pollutants such as feces and sewage into rivers and soil without equipment 
treatment in the process of livestock breeding, which causes serious pollution to 
the rural environment. On the other hand, the public’s low-carbon consumption 
can force enterprises to produce low-carbon products, but at present, Chinese 
consumers’ participation in low-carbon consumption is low (Bo et al., 2022). 
That is because Chinese consumers haven’t formed and established the concept 
of green and low-carbon consumption, which is not conducive to reducing car-
bon emissions from China’s livestock industry from the demand side.  
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3.2. Lack of Technological Innovation 

Firstly, the technology of China’s independent innovation energy-saving and 
emission reduction has a limitation, and the traditional emission technology 
such as biogas technology and composting technology cannot solve the problem 
of nitrogen loss well. Second, research institutions and universities pay more at-
tention to theoretical research on livestock sector, but lack of awareness of the 
transformation of scientific research results, resulting in a lot of research results 
that cannot be well promoted. The development of livestock sector’s marketiza-
tion and industrialization process of slow, and the mechanism of indus-
try-university-research collaboration has not yet been formed (Wang et al., 
2020). Third, due to the lack of corresponding funds, equipment and technical 
support, there is still a certain gap between China and developed countries in the 
low-carbon livestock sector technology, which has a great impact on the devel-
opment of low-carbon livestock sector. The last one is the feed formula unscien-
tific, and uses backward processing technology. Feed formula is mostly 
processed through a simple mixing ratio, instead of a scientific ratio. Moreover, 
the formula uses a single selection of raw materials and additives. There are not 
many pollution-free and high-utilization raw materials. After the crude feed is 
eaten by livestock and poultry, the utilization rate is low, the excretion of nitro-
gen in feces increases correspondingly, causing environmental pollution. 

3.3. Imperfect Policies and Regulations 

At present, China has a series of laws and regulations such as Animal epidemic 
Prevention law, Farming practices, Veterinary method to ensure the healthy de-
velopment of livestock sector, but many provisions in laws and regulations are 
out of date (Chen, 2016), not rigorous, and the lack of specific laws and regula-
tions that aimed at livestock sector green and low-carbon development. Com-
pared with developed countries, there is still a considerable gap. Moreover, it is 
too expensive for farmers to change their production methods without adequate 
government subsidies and market support, so most of them will remain the sta-
tus quo (Xu & Wu, 2022). There is a lack of incentive policies for low-carbon 
technology development research and procurement of low-carbon equipment, 
which restricts the large-scale promotion of livestock sector low-carbon tech-
nology.  

4. Design of Multi-Subject Collaborative Mechanism 

Under the background of “carbon peak and carbon neutrality”, China’s livestock 
sector is in a critical period of transformation from traditional livestock sector to 
modern livestock sector with green and low carbon. Carbon emission reduction 
in livestock sector involves not only farmers, but also governments, enterprises, 
the public, scientific research institutes, industry associations and other social 
organizations. Different entities have different roles and roles to play. Therefore, 
it is necessary to establish an innovative mechanism of multi-subject coordina-
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tion, efficient coordination and win-win cooperation to promote the low-carbon 
development of Livestock sector in China.  

Livestock farmers are the core of the multi-subject collaborative mechanism, 
undertake the important task of low-carbon farming, and they are also the carri-
ers of policy, technology, and other factors transformation. They have interests 
related to the government, the public, enterprises, and other organizations. Spe-
cially speaking, firstly, the breeding behavior of farmers will be supervised by the 
government. Meanwhile, as the country encourages the low-carbon transforma-
tion of the livestock sector, farmers will also receive incentives from the gov-
ernment, such as various subsidies and tax exemption policies. Secondly, lives-
tock farmers are in the supply, livestock products are mainly purchased by the 
public, so farmers are bound to have contact with consumers. Thirdly, farmers 
generally buy production technology and pollutant disposal equipment from li-
vestock technology enterprises, and these related enterprises also strengthen the 
relationship with farmers for profit, to facilitate the promotion of their products. 
Finally, farmers will also be affected by the industry they are in. The industry 
association has formulated relevant standards and industrial agreements to re-
gulate the behavior of farmers, accompanied by resource allocation and interest 
cooperation. Universities and other institutions will also exert an influence on 
farmers, mainly reflected in the establishment of related majors in universities, 
which can continuously export talents and related concepts for this field. There-
fore, the livestock farmer is at the center of the whole mechanism, as shown in 
Figure 3. 

The government plays an overall and coordinating role in promoting the 
low-carbon development of livestock sector, mainly by means of policy formula-
tion, coordinating benefits, propagandizing, and directing. In this mul-
ti-collaborative mechanism, the government needs to strengthen the publicity 
and guidance of low-carbon consumption to the public. Moreover, the govern-
ment should encourage livestock sector enterprises to increase low-carbon  
 

 

Figure 3. Multi-subject collaborative mechanism of low-carbon development of livestock. 
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technology research and equipment production through R & D subsidies and 
should encourage and guide farmers to purchase low-carbon production equip-
ment through subsidies. Strong government leadership can accelerate the progress 
of low-carbon livestock. 

Enterprises are the key to the low-carbon development of livestock sector. 
Technological progress will significantly reduce greenhouse gas emissions (Dai 
et al., 2021). The low-carbon development of livestock sector cannot be sepa-
rated from the support of low-carbon breeding technology, while the promotion 
of breeding technology should have the participation of enterprises. In the 
meanwhile, the research achievements of universities and scientific research in-
stitutions should get practice in the enterprises. However, at present, there are 
only a few enterprises focusing on the research and development of low-carbon 
breeding technology in China, and there is a lack of certain incentive mechanism 
for research and development, so the development of low-carbon breeding 
technology is slow.  

The public is an important driving force for the low-carbon development of 
livestock sector. On the one hand, the public is the end consumer of processed 
livestock sector products and has the right to choose low-carbon livestock sector 
products. On the other hand, the public is an important disseminator of public 
opinion and plays an important role in social supervision. At present, the con-
cept of green and low-carbon consumption has gradually gained public support. 
Some consumers begin to choose products that adhere to green and low-carbon, 
which plays an important role in promoting the development of low-carbon li-
vestock sector. 

Universities, scientific research institutes, industry associations and other so-
cial organizations play an important auxiliary role in the low-carbon develop-
ment of livestock sector. On the one hand, these institutions can continuously 
transfer talents and management concepts to farmers to promote the R & D of 
low-carbon technologies, for the practical application of low-carbon technolo-
gies. On the other hand, these institutions also play an important role in the 
formulation of industry rules and the allocation of market resources. 

The realization of low-carbon livestock sector needs the cooperation of all 
kinds of entities, and through certain mechanisms designed to eliminate or alle-
viate the original promotion resistance and estrangement, achieve win-win co-
operation of multiple subjects, and ultimately promote the development of 
low-carbon livestock sector.  

4.1. Establish the Overall Planning and Regulation 

1) Improve policies related to the development of low-carbon livestock sector. 
At present, there are few policies for the development of low-carbon livestock 

sector in China, and many restrictive policies and insufficient incentive policies. 
There are certain legal blind spots, which cannot support the high-quality de-
velopment of low-carbon livestock sector in China. To provide guidance and 
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support for the development of low-carbon livestock sector, it is necessary to 
comprehensively improve the relevant administrative regulations of low-carbon 
livestock sector. On the one hand, it is necessary to establish a low-carbon lives-
tock sector policy system, formulate and issue relevant administrative regula-
tions, such as large-scale livestock breeding, ecological animal husbandry re-
serves, and resource utilization of livestock breeding waste. It should be streng-
thened supervision of livestock breeding, storage, circulation, and operation. On 
the other hand, law enforcement should be strengthened to severely punish en-
terprises and individuals who violate relevant regulations. 

2) Make a scientific plan for livestock sector layout and development. 
Local governments should make regional management plans. Specifically 

speaking, setting delimit control and prohibited breeding areas. Then, calculate 
the maximum carrying capacity of livestock, and ammonia and phosphorus 
content of the areas. At the same time, given the disconnection between lives-
tock sector and planting, relevant departments should select suitable places, 
combine agriculture and livestock sector, and formulate plans following with lo-
cal conditions.  

4.2. Strengthen Research and Promotion of Low-Carbon Breeding  
Technology 

1) Accelerate research and development of low-carbon farming technologies. 
Livestock sector enterprises should be guided to actively conduct research and 

development of low-carbon breeding technologies and manufacturing of 
low-carbon equipment. The government should support them using research 
subsidies and tax reductions. Meanwhile, an integrated research and develop-
ment system of “production, learning and research” should be established under 
the guidance of the government. Moreover, learning and drawing on the devel-
opment experience of the foreign advanced livestock sector. Cooperation with 
countries with the successful development of low-carbon animal husbandry, and 
appropriately introduce their advanced technology and equipment, to get an 
advanced international technical guarantee for the sustainable development of 
low-carbon livestock sector in China. 

2) Increase the promotion and application of low carbon farming technology.  
Relevant departments and industry organizations should establish low-carbon 

breeding standards and guide the development of the industry scientifically. A 
special fund for the development of low-carbon livestock sector will be set up to 
subsidize farmers who purchase low-carbon technology and equipment. Explore 
low-carbon livestock development projects to compensate farmers for “addi-
tional” emissions reductions caused by the adoption of low-carbon production 
technologies and management patterns.  

4.3. Build the Farming Operation Mode 

1) Promote the low-carbon transformation of breeding sites. 
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Adopt low-carbon architectural design, such as choosing reasonable building 
orientation, wall penetration ratio and building structure, to enhance the cold 
and heat resistance of the building and reduce energy consumption. Moreover, 
use low carbonization in heating methods, such as floor heating. Use of new 
energy sources such as geothermal energy, solar energy, and wind energy to re-
duce carbon emissions. 

2) Optimize the selection of feed and additives.  
Methane emissions from animals can be reduced through treatments such as 

ammonification and silage to improve the digestibility of livestock straw, or by 
increasing the use of low-protein diets. Use of multifunctional blocks rich in 
trace elements, minerals and vitamins to reduce greenhouse gas emissions. A 
reasonable ratio of crude and concentrate feed can reduce methane emission of 
individual animals without affecting animal health.  

3) Reduce methane emissions from manure. 
If conditions permit, centralized treatment of feces can be carried out, and es-

tablish different regions to collect and process feces from farms uniformly. Then, 
methane produced by feces fermentation can be converted into biogas. For ex-
ample, methane emissions can be reduced while improving manure collection 
rates by separating dry manure from solid liquids, it can also be reduced by cov-
ering manure or using membrane-covered storage.  

4.4. Strengthen Public Opinion Guidance and Advocate  
Low-Carbon Consumption 

1) Strengthen public opinion guidance of low-carbon livestock sector devel-
opment. 

Through the brochure, television, new media and so on to spread the concept 
of low-carbon farming, to let farmers realize environmental pollution existing in 
the breeding process, and the importance of low-carbon farming. Through social 
circumstances guide farmers to change the mode of operation, and organize reg-
ular training to let them study low carbon farming methods.  

2) Strengthen green supply and low-carbon consumption.  
From the supply side, to strengthen green supply, the government should 

provide convenience and reduce the entry threshold of the green and low-carbon 
livestock enterprises, such as, reducing taxes. From the demand side, it is neces-
sary to strengthen the publicity of low-carbon consumption and guide the public 
to establish awareness of low-carbon consumption. Let the public truly under-
stand the high-cost performance and a high ecological output value of green and 
low-carbon consumption, and finally promote the whole society to form a green 
and low-carbon consumption lifestyle.  

5. Conclusion 

This paper studies the evolution, predicaments and future development path of 
the low-carbon livestock sector in China and draws the following conclusions: 1) 
The low-carbon development of the livestock sector in China can be divided into 
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the rapid development stage, transitional development stage and green ecologi-
cal breeding stage. 2) Carbon emissions from the livestock sector in China in-
creased first and then decreased from 2000 to 2019. 3) The low-carbon develop-
ment of the livestock sector in China is faced with some difficulties, such as lack 
of environmental awareness, lack of technological innovation and imperfect 
policies and regulations. 4) We suggest that China’s livestock sector should build 
multiple subjects of low carbon development synergy mechanism, from the gov-
ernment, farmers, enterprises, public and other social institutions, and other as-
pects. To be specific, the first one is government should do a regulation; the 
second is to strengthen and promote low-carbon farming technology research 
and development; the third is to shift the breeding model, and the last one is to 
strengthen public opinion to guide and advocate low carbon consumption. 

Authors’ Contributions 

Conceptualization, S. M.; methodology, S. M.; software, Z. C.; formal analysis, S. 
M.; writing—review and editing, S. M. and Z. C.; visualization, Z. C. All authors 
have read and agreed to the published version of the manuscript. 

Funding 

This research was funded by Zhejiang Province Philosophy and Social Science 
Planning Fund, grant number 22NDQN282YB. 

Data Availability Statement 

All data are available online. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 
Allen, A. M., & Hof, A. R. (2019). Paying the Price for the Meat We Eat. Environmental 

Science & Policy, 97, 90-94. https://doi.org/10.1016/j.envsci.2019.04.010 

Bai, Z. H., Ma, W. Q., Ma, L., Velthof, G. L., Wei, Z. B., Havlík, P., Oenema, O., Lee, M. 
R. F., & Zhang, F. S. (2018). China’s Livestock Transition: Driving Forces, Impacts and 
Consequences. Science Advances, 4, eaar8534. https://doi.org/10.1126/sciadv.aar8534 

Beach, R. H., Creason, J., Ohrel, S. B., Ragnauth, S., Ogle, S., Li, C., Ingraham, P., & Salas, 
W. (2015). Global Mitigation Potential and Costs of Reducing Agricultural Non-CO2 
Greenhouse Gas Emissions through 2030. Journal of Integrative Environmental 
Sciences, 12, 87-105. https://doi.org/10.1080/1943815X.2015.1110183 

Bo, F., & Zhuang, G. (2022). Mechanism and Policy of Low Carbon Consumption under 
the Target of Carbon Peak and Carbon Neutrality. Journal of Beijing University of 
Technology (Social Sciences Edition), 2, 70-82. (In Chinese with English abstract) 

Brink, S., Godfrey, H., Kang, M., Lyser, S., Majkut, J., Mignotte, S., Peng, W., Reid, M., 
Sengupta, M., & Singer, L. (2013). Methane Mitigation Opportunities in China. Woo-
drow Wilson School’s Graduate Policy Workshop. Princeton University.  

https://doi.org/10.4236/lce.2022.132004
https://doi.org/10.1016/j.envsci.2019.04.010
https://doi.org/10.1126/sciadv.aar8534
https://doi.org/10.1080/1943815X.2015.1110183


S. Ma, Z. Z. Chen 
 

 

DOI: 10.4236/lce.2022.132004 67 Low Carbon Economy 
 

Cai, Y., & Akiyama, H. (2017). Effects of Inhibitors and Biochar on Nitrous Oxide Emis-
sions, Nitrate Leaching, and Plant Nitrogen Uptake from Urine Patches of Grazing 
Animals on Grasslands: A Meta-Analysis. Journal of Soil Science and Plant Nutrition, 
63, 405-414. https://doi.org/10.1080/00380768.2017.1367627 

Cai, Y., Chang, S. X., & Cheng, Y. (2017). Greenhouse Gas Emissions from Excreta Patches 
of Grazing Animals and Their Mitigation Strategies. Earth-Science Reviews, 171, 44-57.  
https://doi.org/10.1016/j.earscirev.2017.05.013 

Caro, D., Davis, S. J., Bastianoni, S., & Caldeira, K. (2014). Global and Regional Trends in 
Greenhouse Gas Emissions From Livestock. Climatic Change, 126, 203-216.  
https://doi.org/10.1007/s10584-014-1197-x 

Caro, D., Kebreab, E., & Mitloehner, F. M. (2016). Mitigation of Enteric Methane Emis-
sions from Global Livestock Systems through Nutrition Strategies. Climatic Change, 
137, 467-480. https://doi.org/10.1007/s10584-016-1686-1 

Chen, Y. (2016). The Countermeasures of Livestock Sector’s Development under Low- 
Carbon Economy. Chinese Journal of Agricultural Resources and Regional Planning, 
37, 157-160. (In Chinese with English Abstract) 

Chen, Y., & Shang, J. (2014). Disconnect Analysis and Influence Factors of Livestock 
Sector in China. China Population, Resources and Environment, 24, 101-107.  

Clemens, J., Trimborn, M., Weiland, P., & Amon, B. (2006). Mitigation of Greenhouse 
Gas Emissions by Anaerobic Digestion of Cattle Slurry. Agriculture, Ecosystems & En-
vironment, 112, 171-177. https://doi.org/10.1016/j.agee.2005.08.016 

Dai, X., Sun, Zhan., & Müller, D. (2021). Driving Factors of Direct Greenhouse Gas 
Emissions from China’s Pig Industry from 1976 to 2016. Journal of Integrative Agri-
culture, 20, 319-329. https://doi.org/10.1016/S2095-3119(20)63425-6 

Dangal, S. R. S., Tian, H., Zhang, B., Pan, S., Lu, C., & Yang, J. (2017). Methane Emission 
from Global Livestock Sector during 1890-2014: Magnitude, Trends and Spatiotem-
poral Patterns. Global Change Biology, 23, 4147-4161.  
https://doi.org/10.1111/gcb.13709 

Du, Y. Y., Ge, Y., Ren, Y., Fan, X., Pan, K. X., Lin, L. S., Wu, X., Min, Y., Meyerson, L. A., 
Heino, M., Chang, S. X., Liu, X. Z., Mao, F., Yang, G. F., Peng, C. H., Qu, Z. L., Chang, 
J., & Didham, R. K. (2018). A Global Strategy to Mitigate the Environmental Impact of 
China’s Ruminant Consumption Boom. Nature Communications, 9, Article No. 4133.  
https://doi.org/10.1038/s41467-018-06381-0 

FAO (2006). Livestock’s Long Shadow: Environmental Issues and Options. Food and 
Agriculture Organization of the United Nations Rome.  

Feng, Y., Guo, Y., Yang, G., Qin, X., & Song, Z. (2012). Household Biogas Development 
in Rural China: On Policy Support and Other Macro Sustainable Conditions. Renewa-
ble and Sustainable Energy Reviews, 16, 5617-5624.  
https://doi.org/10.1016/j.rser.2012.06.019 

Frank, S., Havlik, P., Stehfest, E., van Meijl, H., Witzke, P., Perez-Dominguez, I., van Dijk, 
M., Doelman, J. C., Fellmann, T., Koopman, J. F. L., Tabeau, A., & Valin, H. (2019). 
Agricultural Non-CO2 Emission Reduction Potential in the Context of the 1.5 ˚C Tar-
get. Nature Climate Change, 9, 66-72. https://doi.org/10.1038/s41558-018-0358-8 

Gao, Z. L., Lin, Z., Yang, Y. Y., Ma, W. Q., Liao, W. H., Li, J. G., Cao, Y. F., & Roelcke, M. 
(2014). Greenhouse Gas Emissions from the Enteric Fermentation and Manure Storage 
of Dairy and Beef Cattle in China during 1961-2010. Environmental Research, 135, 
111-119. https://doi.org/10.1016/j.envres.2014.08.033 

Gerber, P. J., Hristov, A. N., Henderson, B., Makkar, H., Oh, J., Lee, C., Meinen, R., 
Montes, F., Ott, T., Firkins, J., Rotz, A., Dell, C., Adesogan, A. T., Yang, W. Z., Tricari-

https://doi.org/10.4236/lce.2022.132004
https://doi.org/10.1080/00380768.2017.1367627
https://doi.org/10.1016/j.earscirev.2017.05.013
https://doi.org/10.1007/s10584-014-1197-x
https://doi.org/10.1007/s10584-016-1686-1
https://doi.org/10.1016/j.agee.2005.08.016
https://doi.org/10.1016/S2095-3119(20)63425-6
https://doi.org/10.1111/gcb.13709
https://doi.org/10.1038/s41467-018-06381-0
https://doi.org/10.1016/j.rser.2012.06.019
https://doi.org/10.1038/s41558-018-0358-8
https://doi.org/10.1016/j.envres.2014.08.033


S. Ma, Z. Z. Chen 
 

 

DOI: 10.4236/lce.2022.132004 68 Low Carbon Economy 
 

co, J., Kebreab, E., Waghorn, G., Dijkstra, J., & Oosting, S. J. (2013a). Technical Op-
tions for Mitigation of Direct Methane and Nitrous Oxide Emissions from Livestock: A 
Review. Animals, 7, 220-234. https://doi.org/10.1017/S1751731113000876 

Gerber, P. J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., & Tempio, 
G., (2013b). Tackling Climate Change through Livestock: A Global Assessment of 
Emissions and Mitigation Opportunities. Food and Agriculture Organization of the 
United Nations (FAO).  

Herrero, M., Henderson, B., Havlik, P., Thornton, P. K., Conant, R. T., Smith, P., Wirse-
nius, S., Hristov, A. N., Gerber, P., Gill, M., Butterbach-Bahl, K., Valin, H., Garnett, T., 
& Stehfest, E. (2016). Greenhouse Gas Mitigation Potentials in the Livestock Sector. 
Nature Climate Change, 6, 452-461. https://doi.org/10.1038/nclimate2925 

Hristov, A., Oh, J., Lee, C., Meinen, R., Montes, F., Ott, T., Firkins, J., Rotz, A., Dell, C., 
Adesogan, A., Yang, W. Z., Tricarico, J., Kebreab, E., Waghorn, G., Dijkstra, J., & 
Oosting, S. (2013). Mitigation of Greenhouse Gas Emissions in Livestock Production: 
A Review of Technical Options for Non-CO2 Emissions. In P. J. Gerber, B. Henderson, 
H. & P. S. Makkar (Eds.), FAO Animal Production and Health Paper No. 177 (pp. 
1-255). FAO.  

Hu, X. D., & Wang, J. M. (2010). Estimation of Livestock Greenhouse Gases Discharge in 
China. Transactions of the CSAE, 26, 247-252 (In Chinese with English Abstract).  

IPCC (2006) IPCC Guidelines for National Greenhouse Gas Inventories Volume 4: Agri-
culture, Forestry and Other Land Use. IPCC.  

Key, N., & Tallard, G. (2012). Mitigating Methane Emissions from Livestock: A Global 
Analysis of Sectoral Policies. Climatic Change, 12, 387-414.  
https://doi.org/10.1007/s10584-011-0206-6 

Meng, X. (2014). Summary of Livestock Environmental Pollution and Environmental 
Management Policies. Journal of Ecology and Rural Environment, 30, 1-8. (In Chinese 
with English abstract) 

Ogino, A., Sommart, K., Subepang, S., Mitsumori, M., Hayashi, K., Yamashita, T., & Ta-
naka, Y. (2016). Environmental Impacts of Extensive and Intensive Beef Production 
Systems in Thailand Evaluated by Life Cycle Assessment. Journal of Cleaner Produc-
tion, 112, 22-31. https://doi.org/10.1016/j.jclepro.2015.08.110 

Pelletier, N., & Tyedmers, P. (2010). Forecasting Potential Global Environmental Costs of 
Livestock Production 2000-2050. Proceedings of the National Academy of Sciences of 
the United States of America, 107, 371-374. https://doi.org/10.1073/pnas.1004659107 

Persson, U. M., Johansson, D. J. A., Cederberg, C., Hedenus, F., & Bryngelsson, D. (2015). 
Climate Metrics and the Carbon Footprint of Livestock Products: Where’s the Beef? 
Environmental Research Letters, 10, Article ID: 034005.  
https://doi.org/10.1088/1748-9326/10/3/034005 

Streets, D. G., Bond, T. C., Carmichael, G. R., Fernandes, S. D., Fu, Q., He, D., Klimont, 
Z., Nelson, S. M., Tsai, N. Y., Wang, M. Q., Woo, J. H., & Yarber, K. F. (2003). An In-
ventory of Gaseous and Primary Aerosol Emissions in Asia in the Year 2000. Journal of 
Geophysical Research: Atmospheres, 108, 8809.  
https://doi.org/10.1029/2002JD003093 

The Central Committee of the Communist Party of China and the State Council (2012). 
The Guidance on Accelerating the Promotion of Agricultural Science and Technology 
Innovation and Continuously Strengthening the Supply and Guarantee Ability of 
Agricultural Products.  
http://www.moa.gov.cn/ztzl/yhwj/zywj/201202/t20120215_2481552.htm  

The Central Committee of the Communist Party of China and the State Council (2018). 

https://doi.org/10.4236/lce.2022.132004
https://doi.org/10.1017/S1751731113000876
https://doi.org/10.1038/nclimate2925
https://doi.org/10.1007/s10584-011-0206-6
https://doi.org/10.1016/j.jclepro.2015.08.110
https://doi.org/10.1073/pnas.1004659107
https://doi.org/10.1088/1748-9326/10/3/034005
https://doi.org/10.1029/2002JD003093
http://www.moa.gov.cn/ztzl/yhwj/zywj/201202/t20120215_2481552.htm


S. Ma, Z. Z. Chen 
 

 

DOI: 10.4236/lce.2022.132004 69 Low Carbon Economy 
 

Opinions on Comprehensively Strengthening Ecological Environmental Protection and 
Resolutely Fighting the Tough Battle of Pollution Prevention and Control.  
http://www.gov.cn/zhengce/2018-06/24/content_5300953.htm  

The Ministry of Agriculture (2001). The Opinions on Accelerating the Development of 
Livestock Sector. http://www.gov.cn/gongbao/content/2001/content_61161.htm  

The Ministry of Agriculture (2016). The Plans for Construction of National and Industry 
Standard for Livestock Sector (2004-2010).  
https://www.doc88.com/p-7816382700452.html  

The State Council (2007). The Opinions on Promoting the Sustainable and Healthy De-
velopment of Livestock Sector.  
http://www.moa.gov.cn/nybgb/2007/dsiq/201806/t20180613_6151877.htm  

The State Council (2016a). The Report on Accelerating the Development of Livestock 
Sector. http://www.gov.cn/zhengce/content/2016-10/20/content_5122092.htm  

The State Council (2016b). Regulations on the Prevention and Control of Pollution from 
Large-Scale Livestock and Poultry Breeding.  
http://www.jieyang.gov.cn/nyj/zcfg/content/post_135129.html  

The State Council (2017a). Opinions on Accelerating the Resource Utilization of Lives-
tock and Poultry Breeding Waste.  
http://www.gov.cn/zhengce/content/2017-06/12/content_5201790.htm  

The State Council (2017b). Environmental Protection Tax Law.  
http://www.gov.cn/zhengce/content/2017-12/30/content_5251797.htm  

Valin, H., Havlık, P., Mosnier, A., Herrero, M., Schmid, E., & Obersteiner, M. (2013). 
Agricultural Productivity and Greenhouse Gas Emissions: Trade-Offs or Synergies be-
tween Mitigation and Food Security? Environmental Research Letters, 8, Article ID: 
035019. https://doi.org/10.1088/1748-9326/8/3/035019 

Wang, M., Li, Y., & Wang, H. (2020). The Current Situation, Problems and Counter-
measures of Government-Industry-University-Research-User-Financial Cooperation 
in Green Technology Innovation. Scientific Management Research, 38, 2-10. (In Chi-
nese with English Abstract) 

Wang, Y., Dong, H. M., Zhu, Z. P., Gerber, P. J., Xin, H. W., Smith, P., Opio, C., Stein-
feld, H., & Chadwick, D. (2017). Mitigating Greenhouse Gas and Ammonia Emissions 
from Swine Manure Management: A System Analysis. Environmental Science & 
Technology, 51, 4503-4511. https://doi.org/10.1021/acs.est.6b06430 

Xu, X., & Wu, P. (2022). Evolution of Green Agriculture Development Mechanism: From 
the Perspective of Tripartite Game between Government, Farmers and Consumers. 
Journal of China Agricultural University, 27, 259-273. (In Chinese with English Ab-
stract)  

Zhang, B., Zhang, Y. W., Zhao, X. L., & Meng, J. (2018). Non-CO2 Greenhouse Gas Emis-
sions in China 2012: Inventory and Supply Chain Analysis. Earth Future, 6, 103-116.  
https://doi.org/10.1002/2017EF000707 

Zhuang, M., Lu, X., Caro, D., Gao, J., Zhang, J., Cullen, B., & Li, Q. (2019). Emissions of 
Non-CO2 Greenhouse Gases from Livestock in China during 2000-2015: Magnitude, 
Trends and Spatiotemporal Patterns. Journal of Environmental Management, 242, 
40-45. https://doi.org/10.1016/j.jenvman.2019.04.079 

 
 

https://doi.org/10.4236/lce.2022.132004
http://www.gov.cn/zhengce/2018-06/24/content_5300953.htm
http://www.gov.cn/gongbao/content/2001/content_61161.htm
https://www.doc88.com/p-7816382700452.html
http://www.moa.gov.cn/nybgb/2007/dsiq/201806/t20180613_6151877.htm
http://www.gov.cn/zhengce/content/2016-10/20/content_5122092.htm
http://www.jieyang.gov.cn/nyj/zcfg/content/post_135129.html
http://www.gov.cn/zhengce/content/2017-06/12/content_5201790.htm
http://www.gov.cn/zhengce/content/2017-12/30/content_5251797.htm
https://doi.org/10.1088/1748-9326/8/3/035019
https://doi.org/10.1021/acs.est.6b06430
https://doi.org/10.1002/2017EF000707
https://doi.org/10.1016/j.jenvman.2019.04.079

	Low-Carbon Development of Livestock in China: Evolution, Predicaments and Paths Ahead
	Abstract
	Keywords
	1. Introduction
	2. Evolution of Low-Carbon Development of Livestock Sector in China
	2.1. Low-Carbon Development of Livestock Sector in China
	2.1.1. The Rapid Development Stage (1978-1997)
	2.1.2. The Transformation Stage (1998-2011)
	2.1.3. The Green Ecological Development Stage (2012-Present)

	2.2. Carbon Emission Measurement of Livestock Sector in China

	3. Predicaments of the Low-Carbon Development of Livestock Sector in China
	3.1. Lack of Environmental Awareness
	3.2. Lack of Technological Innovation
	3.3. Imperfect Policies and Regulations

	4. Design of Multi-Subject Collaborative Mechanism
	4.1. Establish the Overall Planning and Regulation
	4.2. Strengthen Research and Promotion of Low-Carbon Breeding Technology
	4.3. Build the Farming Operation Mode
	4.4. Strengthen Public Opinion Guidance and Advocate Low-Carbon Consumption

	5. Conclusion
	Authors’ Contributions
	Funding
	Data Availability Statement
	Conflicts of Interest
	References

