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Abstract
Methane is a potent greenhouse gas with a 100-year global warming potential of 27.9 and has become a major 
focus in global climate governance. As a major emitter, China faces substantial challenges in managing methane 
emissions from its waste sector. This study examines the patterns of methane generation and the potential for 
mitigation across different waste disposal systems in China. We established a comprehensive methane accounting 
model and quantified emissions from four waste sectors: municipal solid waste, urban sewage, agricultural 
cropping, and livestock and poultry farming. Using data from 2018 to 2022, we found that total methane emissions 
from waste in China were 10.2 million tons in 2022, representing a 27.8% decline, mainly due to substantial 
reductions in municipal solid waste emissions. In contrast, emissions from agricultural sources, particularly 
livestock and poultry farming, have increased, underscoring the need for targeted mitigation strategies. To assess 
future pathways, three policy scenarios were designed: Business as Usual (BAU), Urban Waste Recycling (UWR), 
and Agricultural Carbon Reduction and Sequestration (ACRS). The projections for 2025-2030 indicate that the 
ACRS scenario yields the greatest reduction in methane emissions, driven primarily by straw-to-fuel utilization and 
improved livestock manure management. This study provides valuable insights into the sources, drivers, and future 
trajectories of methane emissions from waste in China, and offers policy recommendations to maximize methane 
mitigation benefits while minimizing greenhouse gas abatement costs.
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INTRODUCTION
Methane is the second most significant greenhouse gas, with a 100-year global warming potential 
(GWP100) of 27.9. Effectively controlling methane emissions is a critical component of global climate 
governance, contributing not only to climate mitigation but also to economic co-benefits due to methane’s 
inherent energy value. Annual global methane emissions are estimated at around 610 million tons, with 
human activities accounting for nearly two-thirds of the total[1]. Methane emissions have continued to rise, 
reaching approximately 572-689 Tg per year during 2008-2017, reflecting a persistent upward trend since 
the early 2000s[2], with anthropogenic sources contributing about half of the total budget[3]. While global 
methane emissions continue to grow, regional trajectories diverge significantly: emissions from Annex I 
parties such as the EU, USA, and Russia have declined since 1990, whereas non-Annex I countries including 
Brazil, China, India, Indonesia, and the Democratic Republic of the Congo have experienced substantial 
increases[4-6]. Current assessments emphasize the urgent need to achieve substantial methane reductions by 
2030 to meet the objectives of the Paris Agreement. Achieving net-zero warming by 2050, relative to 2020, 
could be possible through rapid technical and behavioral interventions, provided these measures are 
implemented between 2033 and 2041 in line with the Global Methane Pledge[7].

The waste management sector represents a major source of anthropogenic methane, responsible for 19.9% 
of global emissions in 2022[8]. Over the past five decades, globalization-driven economic expansion has led 
to rising resource consumption in production and consumption systems, thereby intensifying methane 
emissions from waste streams[1]. Between 2010 and 2021, methane emissions from waste treatment grew 
faster than those from agriculture (48.4%) and energy (31.7%), reaching 19.9% of total emissions, with an 
average annual increase of 1.68% from solid waste treatment and wastewater management[9]. Compared 
with the energy sector, methane control technologies in waste management are generally more technically 
mature, offer a broader range of mitigation approaches, and respond more readily to policy interventions. 
Successful practices such as solid waste recycling and landfill gas recovery provide important empirical 
references for effective emission reduction strategies. For example, since 1990, the United States has 
implemented regulatory standards under the Resource Conservation and Recovery Act and the Clean Air 
Act to cap urban landfill sites and prevent gas leakage, resulting in a sharp decline in methane emissions 
from waste disposal between 1990 and 2000. In 1996, the UK introduced a landfill tax imposing high fees on 
biodegradable waste, effectively reducing methane emissions. Similarly, in 1999, the European Union issued 
the Landfill Directive, mandating the recovery and utilization of landfill gas or its combustion at landfill 
sites. China has also prioritized non-CO2 greenhouse gas reduction[9]. In 2023, the Ministry of Ecology and 
Environment of China launched the Methane Emissions Control Plan, outlining measures and targets for 
reducing methane emissions across energy, agriculture, livestock, waste management, and wastewater 
treatment by 2030. However, projections by the United Nations Environment Programme (UNEP) under 
baseline policy scenarios suggest continued growth in waste-related methane emissions, with a likely peak 
around 2050[10]. This trajectory underscores the urgent need to accelerate technological implementation and 
strengthen policy frameworks in waste management systems.

Research on methane emissions from waste systems has largely focused on municipal solid waste (MSW) 
and wastewater treatment infrastructure. Many studies indicate that methane emissions from these sectors 
are underestimated globally[11-14]. Du et al. analyzed provincial-level methane emissions from MSW landfills 
in China using IPCC Guidelines for National Greenhouse Gas Inventories and first-order decay modeling, 
revealing an annual increase of 71.79 Gg between 2003 and 2013, with faster growth in northern and 
western provinces compared with coastal regions[15]. Ghosh et al. assessed methane emissions from three 
non-engineered landfills in Delhi (1984-2015) using the IPCC Default Method (DM), First-Order Decay 
(FOD), and Landfill Gas Emissions Model (LandGEM)[16]. They reported estimated emissions of 
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311.2-1,288.99 Gg, with methane-to-energy conversion potentials ranging from 2.08 × 108 to 9.86 × 108 MJ 
in 2015[15,16]. Liu et al. applied the FOD/bottom-up method to compare landfill methane emissions in the 
United States and China, finding that U.S. emissions were 2.5 times higher[17]. Zhang et al. applied a two-tier 
satellite approach to measure emissions from 90 MSW landfills in China, India, and the U.S., showing that 
China’s operational practices (e.g., HDPE covers and gas collection systems) reduced emissions more 
effectively than those in India and the U.S.[18]. Other studies[19-21] using diverse measurement techniques have 
underscored the significance of landfill methane emissions. Li et al. developed a plant-level, technology-
specific methane inventory for China’s wastewater treatment plants (WWTPs) using a bottom-up approach, 
estimating emissions of 150.6 Gg in 2020[22]. Song et al. systematically quantified methane emissions across 
sewage treatment facilities and pipelines, identifying sludge treatment, particularly anaerobic digestion, as 
the primary source[23]. Liu et al. established a wastewater methane inventory for 31 Chinese provinces (2000-
2020), finding emissions rose from 1.4 to 2.7 Tg[24]. Yin et al. quantified methane emissions from six 
WWTPs in China and showed that sewer systems accounted for nearly 90% of CH4 emissions in Beijing 
WWTPs, underscoring the critical role of sewer-derived methane in mitigating underestimation[25]. Overall, 
methane emissions from MSW vary widely across cities globally, influenced by waste composition (linked 
to industrial structures) and waste management practices (notably the presence of advanced gas collection 
systems).

In agriculture, most methane research focuses on paddy cultivation, while methane from agricultural waste, 
primarily crop residues, remains less studied. China's large volume of straw production represents a 
potentially significant source of methane through thermochemical conversion, yet emission dynamics in 
fuel production systems are insufficiently characterized. Xu et al. used the extended Logarithmic Mean 
Divisia Index (LMDI) method and Tapio’s decoupling index to analyze methane reduction in China’s 
agricultural sector (2010-2019)[26]. Shen et al. assessed long-term methane emissions from rice cultivation in 
China (2000-2060) using an integrated approach, identifying key drivers such as straw return rate (RSA), 
fertilization, and climate factors[27]. Other studies examine methane emissions from a broader perspective, 
considering urban energy consumption, food production, and consumption. Brown reviewed greenhouse 
gas accounting protocols for landfill diversion of food and yard waste, analyzing the Climate Action Reserve 
(CAR) and U.S. EPA WARM models with a focus on methane avoidance through decay rate constants and 
gas collection efficiency[28]. Wang et al. developed a dynamic model combined with the LMDI method to 
assess CH4 emissions from China's fossil-fuel and food systems[29]. Livestock methane emissions primarily 
derive from manure management systems and vary depending on handling methods. Wang et al. 
established a high-resolution dataset of livestock methane emissions in China (1990-2020), revealing that 
low-cost interventions could cut emissions by 36% ± 8% (4.4-6.9 Mt) by 2030[30]. Zhang et al. reported a 
fourfold increase in livestock methane emissions (31.8 to 131.7 Tg CH4/year) since 1950, driven mainly by 
cattle, with 2019 levels ~20% higher than FAOSTAT estimates and hotspots in South Asia, South America, 
and North Africa[31]. Chen et al. examined manure management systems in livestock and poultry farming, 
finding higher methane emissions in solid compared with liquid systems, due to differences in organic 
matter, water content, and microbial activity[32]. Overall, existing studies have focused more on agricultural 
and industrial methane sources, while emissions from waste management remain underexplored. Moreover, 
most methane accounting frameworks operate at provincial or municipal scales, with limited 
spatiotemporal integration.

In summary, current methane research spans multiple sub-sectors - including municipal waste, domestic 
sewage, livestock and poultry farming, and agricultural residues - but most studies examine single-source 
generation pathways. Previous research typically evaluated waste alongside energy and agriculture under 
IPCC classifications, without establishing a comprehensive framework that integrates waste generation from 
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various sources into a unified system. This study addresses that gap by investigating methane generation 
patterns, key drivers, and mitigation potential across waste sources under China's strengthened methane 
control policies. The findings aim to provide actionable insights for policymakers and recommendations for 
enhancing waste methane management.

METHODS
Methodological framework
Waste refers to discarded environmental pollutants generated by human activities such as production, 
construction, and daily life, which are no longer considered usable at a given time and place. According to 
the IPCC National Greenhouse Gas Emission Inventory, waste can be classified by greenhouse gas emission 
sources into municipal solid waste (MSW), sludge, industrial waste, and other categories. This study 
develops a methane emissions accounting framework for waste, structured around five socioeconomic 
sectors: urban sewage, urban living, agricultural activities, industrial activities, and other activities 
[Figure 1]. These categories capture the primary activities responsible for waste generation in both urban 
and rural contexts. The framework is designed to “open the black box” of methane generation from waste, 
enabling an analysis of the sources, transformations, and pathways of element flows within each sector.

Methane emissions from waste primarily originate from the decomposition of organic matter through 
anaerobic processes. The anaerobic conditions in landfills are the dominant source of methane, as organic 
residues from diverse disposal processes across activity sources enter landfills and decompose. At the 
subsector level, urban domestic sewage, municipal waste, livestock and poultry manure, crop residues, and 
organic industrial waste can all generate methane. Industrial waste, however, is generally recycled or 
properly treated, as enterprises are directly responsible for its management. As a result, methane generation 
and disposal in the industrial sector occur over relatively short intervals in an efficient and centralized 
manner. Because industrial waste is rapidly processed after generation, it is not the main focus of this study. 
In contrast, commercial/institutional waste, park waste, and medical waste typically contribute to methane 
emissions once deposited in landfills. Accordingly, this study focuses on methane emissions from four sub-
sectors: municipal solid waste, urban sewage, agricultural cropping, and livestock and poultry farming.

Data sources
The provincial methane inventory for waste in China was constructed in accordance with the Handbook of 
Methods and Coefficients for Pollution Emission Calculation in Emission Source Statistical Surveys, the 
Technical Guidelines for Compilation of Integrated Emission Inventory of Air Pollutants and Greenhouse 
Gases (Trial), and the Guidelines for Compilation of Provincial Greenhouse Gas Inventory (GCPI)[33]. The 
accounting data used in this study were mainly retrieved from the China Rural Statistical Yearbook[34], 
China Urban Construction Yearbook, and China Urban and Rural Construction Yearbook[35], covering the 
period 2018-2022. Data on the grass-feed ratio and straw utilization rate were drawn from official statistics, 
policy documents, and research reports issued by the State Council and the Ministry of Agriculture and 
Rural Affairs of China.

Methane emissions accounting methods for each sector
Municipal solid waste
Urban solid waste, after recycling and landfilling, undergoes processes of adjustment, transition, and 
acidification, during which methanogenic bacteria generate methane. Part of this methane is subsequently 
treated through leachate management systems. The LandGEM model, proposed by the U.S. Environmental 
Protection Agency, is used to estimate landfill gas production[36], as shown in Equation (1):
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where QM is the maximum expected landfill gas production (m3/a); i is the year; n = (current year) - (year of 
initial waste reception); j represents every 0.1 year, with a time step of 0.1 years; k is the methane generation 
rate, taken as 0.3/a, which falls within the range of 0.1 to 0.5 according to Chinese landfill design standards; 
L0 is the ultimate methane generation potential (m3/t), taken as 80.352 after 2006 according to Chinese 
landfill design standards; Mi is the amount of waste buried in the i-th year (t); tij is the age of the j-th portion 
of waste landfilled in year i;  is the methane concentration.

Because methane from solid waste in the inventory is assumed to be fully released within a year, the formula 
can be simplified according to GCPI guidelines, as shown in Equation (2):

where  is methane emissions (10,000 tons/year); MSWT is the total amount of urban solid waste 
generated (10,000 tons/year); MSWF is the landfill treatment rate of urban solid waste; L0 is the methane 
generation potential of managed landfill sites (10,000 tons of methane per 10,000 tons of waste); R is 
methane recovery (10,000 tons/year); OX is the oxidation factor, taken as 0.1 for qualified waste treatment 
plants. When R is considered in the formula, methane emissions are obtained; when R is excluded, the total 
methane produced is calculated.

Urban sewage
Domestic sewage is primarily derived from residential sources. Methane emissions are calculated following 
the GCPI methodology, as shown in Equation (3):

where  is the total methane emissions from domestic sewage treatment in the inventory year (10,000 
tons of methane/year); TOW is the total organic matter in domestic sewage (kg BOD/year), estimated from 
COD content converted from total sewage discharge; EF is the emission factor (kg methane/kg BOD); R is 
methane recovery rate (kg methane/year). The emission factor (EF) is calculated as the maximum methane 
generation capacity (B0) multiplied by the methane correction factor (MCF). According to GCPI, each 
kilogram of BOD in domestic sewage can produce 0.6 kg of methane, while the reference value for MCF is 
0.165.

Agricultural cropping
In the agricultural cropping sector, methane emissions mainly originate from straw residue, which can be 
either “returned to the field” or “removed from the field”. According to a 2021 Chinese government report, 
the off-field utilization rate of straw in China was 33.4%, with five primary applications: feed, fertilizer, base 
material, fuel, and raw material. Of these, fuel accounted for only 8.9% of off-field use. Off-field straw is 
typically processed in large-scale anaerobic fermentation reactors. Methane generation efficiency varies with 
straw type and treatment technologies, such as biochar application, hydrothermal carbon enhancement, 
calcium peroxide combined with zero-valent iron, pretreatment with fermentation aids, and co-digestion 
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Figure 1. Framework structure of the waste methane emission accounting model.

with livestock manure[37-40]. Among crop residues, rice and wheat are the primary contributors to methane 
generation, with theoretical potentials of 523.21 and 521.36 mL/g, respectively. This study adopts the 
average value of 522.3 mL/g. The total straw output is estimated using the straw-to-grain ratio, while 
methane emissions are calculated using the emission factor and pollution coefficient method.

Straw that is returned to the field decomposes naturally through composting, where methanogenic bacteria 
ferment it anaerobically, releasing methane into the atmosphere. This process resembles aerobic composting 
but is typically considered part of agricultural planting activities rather than waste management. 
Consequently, this study does not explicitly account for these emissions. According to the IPCC inventory, 
the methane emission factor for natural composting of waste is 4 g/kg. In this study, the emission factor for 
off-field straw utilization was 94 times higher than that for returned straw. A sensitivity analysis of 
parameter adjustments showed that including emissions from straw returned to the field altered results by 
23.9%, a variation considered acceptable; thus, these emissions were excluded from the final estimates.

Livestock and poultry farming
Livestock manure is the main source of methane emissions from livestock and poultry farming, 
representing the second-largest methane emission pathway in this sector. This study focuses on the major 
methane-producing livestock in China, including cattle, sheep and goats, pigs, horses, donkeys, and mules. 
Cattle were further classified into dairy and beef cattle by breed and purpose. According to GCPI, methane 
generation efficiency from pig, cattle, and sheep manure varies with feeding practices. Therefore, two 
feeding methods were distinguished: large-scale breeding and free-range farming, based on the prevailing 
large-scale farming rates. Using methane emission factors for manure management from GCPI and 
livestock inventories reported in the China Rural Yearbook, methane emissions for different livestock from 
2018 to 2022 were estimated. The calculation formula is given in Equation (4):



Page 7 of Shang et al. Carbon Footprints 2025, 4, 24 https://dx.doi.org/10.20517/cf.2025.28 18

where  is the methane emission factor for species i under manure management method j and 
climate zone k (kg CH4/year); VSi is the daily volatile solids excreted by species i (kg DM VS/day); 0.67 is the 
mass-volume conversion factor of methane (kg/m3); Boi is the maximum methane generation capacity of 
manure from species i (m3/kg DM VS); MCFjk is the methane conversion factor for management method i 
and climate zone k (%); MSijk is the proportion of species i in climate zone k under management method j 
(%). VSi was estimated using average daily energy intake and feed digestibility data, following IPCC 
formulas. Boi values were taken from IPCC defaults. MCFjk values were derived from studies on manure 
management practices and provincial annual average temperatures.

Policy scenario design
China has announced its goal of reaching peak carbon emissions by 2030. As outlined in the national action 
plan, the government established a medium-term scenario extending to 2025 for methane reduction, and a 
long-term peak scenario set for 2030. Considering the significant decline in methane emissions from urban 
waste disposal and the growing share from agricultural sources, this study designs three policy scenarios: 
Business As Usual (BAU), Urban Waste Recycling (UWR), and Agricultural Carbon Reduction and 
Sequestration (ACRS) [Table 1]. In the BAU scenario, no additional measures are implemented to enhance 
methane collection or utilization from waste. Under this assumption, future methane emissions from waste 
continue along the current trend, with only 10% of methane generated from the four major waste sub-
sectors being collected and utilized. The UWR scenario reflects the urban waste recycling policy. Following 
the implementation of measures outlined in the Methane Emissions Control Action Plan, the national 
resource utilization rate of municipal solid waste is projected to reach 60% by 2025 and 80% by 2030. In this 
scenario, the harmless disposal rate of urban sludge will exceed 90% by 2025 and achieve full coverage by 
2030, with 50% of sludge treated through anaerobic digestion. In 2019, anaerobic digestion accounted for 
12.9% of the total treatment capacity among mainstream sludge treatment processes in China. Looking 
ahead, policies on urban sludge resource utilization are expected to continue, accompanied by improved 
waste disposal facilities. Accordingly, it is assumed that under UWR, the share of sludge treated through 
anaerobic digestion will increase to 50%. The ACRS scenario represents the agricultural carbon reduction 
and sequestration policy. In this case, enhanced methane reduction measures, such as the resource 
utilization of crop straw in farmland and the recycling of livestock and poultry waste, will be emphasized. 
The utilization rate of livestock and poultry waste is expected to exceed 80% by 2025 and 85% by 2030. 
According to Section "Agricultural cropping", the utilization rate of straw as off-field fuel in China was only 
3% in 2021. Under ACRS, it is assumed that this rate will rise to over 15% by 2025 and 20% by 2030.

RESULTS
Distribution characteristics of methane emissions by waste sector
Figure 2 shows the variations in methane emissions from different waste sectors in China between 2018 and 
2022. In 2022, total methane emissions from waste reached 10.2 million tons, representing a 27.8% 
reduction over the five-year span. Garbage disposal was the primary driver of this decline, accounting for 
114.1% of the total reduction. At the subsector level in 2022, agricultural planting, livestock and poultry 
farming, and wastewater treatment contributed 37.8%, 24.6%, and 22.1% of total emissions, respectively. 
Over the past five years, despite a substantial 74% decrease in emissions from garbage disposal, the shares of 
methane emissions from the other three subsectors have steadily risen, with wastewater treatment showing 
the largest increase at 21.6%. In 2022, methane emissions from agricultural planting waste reached 3.86 
million tons, a slight increase compared with 2018. However, its share of total emissions rose from 26.8% in 
2018 to 37.8% in 2022. Livestock and poultry farming also remained a significant source of methane 
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Table 1. Policy scenarios for methane emissions control from waste in China

Scenario Municipal solid waste Urban sewage Agricultural cropping Livestock and poultry 
farming

Business as usual (BAU) Current government measures maintained. 10% of the methane generated in the four waste sub-sectors is collected 
and utilized

Urban waste recycling 
policy (UWR)

Methane recovery from 
landfills reaches 60% by 
2025 and 80% by 2030

Methane utilization from 
COD in sewage reaches 
45% by 2025 and 50% by 
2030

- -

Agricultural carbon 
reduction and 
sequestration (ACRS)

- - Straw fuel utilization 
exceeds 15% by 2025 and 
20% by 2030

Utilization of livestock and 
poultry waste exceeds 80% 
by 2025 and 85% by 2030

Figure 2. Methane emissions from various waste sectors in China, 2018-2022.

emissions. Between 2018 and 2022, emissions from this subsector first declined and then increased, resulting 
in a cumulative 3.8% rise. Its share of emissions consistently ranged from 17% to 25%. Methane emissions 
from wastewater treatment reached 2.25 million tons in 2022, marking a 21.7% increase compared with 
2018. Its share of total emissions rose steadily each year, from 13.1% in 2018 to 22.1% in 2022, underscoring 
its growing importance in methane mitigation efforts.

Regional distribution characteristics of total methane emissions from waste
Figure 3 illustrates the regional distribution of methane emissions from waste in China. In 2022, emissions 
were mainly concentrated in central and southern regions, particularly in provinces along the Yangtze and 
Yellow River basins. In southern coastal regions, the large scale of livestock farming and high population 
densities required extensive centralized waste disposal, rendering this area a major national hotspot for 
methane emissions. The provinces with the highest methane emissions from waste in 2022 were Henan, 
Shandong, Jiangsu, Hunan, and Guangdong. These provinces either serve as major grain producers (Henan, 
Shandong, Hunan) or are both populous and economically significant (Guangdong, Jiangsu). Specifically, 
Henan and Shandong emitted 1.09 and 0.75 million tons of methane from waste in 2022, accounting for 
10.7% and 7.3% of national emissions, respectively.

Between 2018 and 2022, the regions with the highest emissions shifted from eastern and southern coastal 
areas to central inland provinces. Coastal provinces generally experienced sharper emission declines than 
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Figure 3. Regional distribution of methane emissions from waste in China, 2018-2022. The map used in the figure is the official map of 
China [GS(2024) 0650].

western and northeastern regions. This trend is largely explained by reduced agricultural land due to 
industrialization along the coast, as well as more advanced waste disposal infrastructure in coastal areas.

During this period, methane emissions from waste declined markedly in most provinces. Shanghai, Beijing, 
and Guangdong saw reductions of 67.4%, 58.7%, and 52.8%, respectively, largely due to shrinking 
agricultural activities driven by urbanization. Coastal provinces such as Hainan, Zhejiang, Tianjin, Liaoning, 
and Fujian also recorded sharp decreases - 50.8%, 48.9%, 46.6%, 40.4%, and 38.2%, respectively - placing 
them among the top ten in emission reduction rates. In contrast, Tibet and Qinghai experienced increases 
of 19.2% and 12.6%, making them the only provinces where methane emissions from waste rose.

From a sectoral perspective [Figure 4], methane emissions from livestock and poultry waste were 
concentrated in central and southwestern regions, including Henan, Hunan, Sichuan, Shandong, and 
Hubei. Over the past five years, total emissions from these provinces rose only marginally by 0.4%, 
remaining essentially stable. Methane emissions from agricultural planting waste were concentrated in 
central and eastern coastal provinces and the northeast, including Henan, Jiangsu, Anhui, Shandong, and 
Heilongjiang, with total emissions rising by 3.3% between 2018 and 2022. In 2018, emissions from garbage 
disposal were primarily concentrated in Guangdong, Henan, and Hunan. By 2022, these provinces had 
reduced such emissions by 77.9%, largely due to significant declines in sanitary landfill use. Conversely, 
methane emissions from sewage treatment increased across major provinces, particularly in coastal regions 
such as Guangdong, Jiangsu, and Shandong. This growth is attributed to China's recent initiatives to 
upgrade drainage networks, which have markedly improved sewage collection and treatment rates in 
densely populated areas.

Analysis of methane emissions reduction potential under policy scenarios
Based on the estimated growth rates of methane emissions from four waste sub-sectors between 2018 and 
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Figure 4. Regional distribution of methane emissions from various waste sectors in China, 2018-2022.

2022, China's total methane emissions from waste are projected to follow a trend of initial decline followed 
by an increase between 2025 and 2030, reaching their lowest point in 2025 [Figure 5]. Specifically, total 
emissions are expected to reach 9.7 million tons in 2025 and 10.2 million tons in 2035. Under the Business 
As Usual (BAU) scenario, only 10% of methane emissions from waste will be recycled. Consequently, the 
medium-term decline and subsequent long-term increase in methane emissions from waste will continue 
without significant mitigation. Between 2025 and 2030, reductions under the BAU scenario are negligible, 
fluctuating between 0.97 and 0.99 million tons.

Under the Urban Waste Resource Utilization (UWR) policy scenario, methane generated from the garbage 
and sewage treatment sub-sectors can be more effectively recovered and utilized. By enhancing methane 
recovery from municipal solid waste and sewage, the UWR scenario could reduce emissions by 1.52 million 
tons in 2025, equivalent to 15.7% of that year’s total emissions. With increasingly ambitious policy targets, 
annual reductions under the UWR scenario are projected to rise, reaching 1.69 million tons by 2030.

Under the Agricultural Crop Residue Utilization (ACRS) scenario, methane emissions from crop residues 
are mitigated through large-scale fermentation systems designed to achieve near-zero emissions, while 
fugitive emissions from livestock manure are effectively controlled. By 2025, the ACRS scenario could 
achieve a reduction of 5.97 million tons, accounting for 61.7% of total emissions in that year, increasing to 
6.19 million tons by 2030. Overall, methane emissions from waste can be mitigated under all three policy 
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Figure 5. Trends in methane emissions from waste in China and emission reduction analysis under policy scenarios.

scenarios, with the ACRS scenario yielding the greatest benefits. In 2025, reductions under ACRS are 6.2 
times higher than those under BAU and 3.9 times higher than those under UWR, primarily due to the 
energy utilization of straw and the improved management of livestock manure. As China's Methane 
Emissions Control Action Plan sets a quantitative reduction target for 2025, the benefits of waste-related 
emission reductions are concentrated around that year, while long-term impacts remain limited. Moving 
forward, greater attention should be paid to controlling methane emissions in the agricultural and urban 
sewage sectors. Efforts should focus on enhancing the recycling of crop residues and manure, as well as 
improving the operation management of anaerobic treatment facilities for urban sewage, to minimize 
fugitive methane emissions.

DISCUSSION AND POLICY IMPLICATIONS
Comparison with other studies
This study adopts the IPCC inventory method to categorize methane emissions from waste in China into 
four sub-sectors: urban waste, urban sewage, agricultural cultivation, and livestock and poultry farming.

Wang et al. estimated that total methane emissions in China, based on the IPCC method, would reach 
2.36 × 107 Mg over 40 years (2003-2042)[41]. Cai et al. projected that methane emissions from landfills in 
China would increase from 1.48 million tons in 2012 to 1.8 million tons by 2030[42]. By contrast, this study 
predicts a decline in landfill methane emissions from 2.43 million tons in 2018 to 0.106 million tons in 2023. 
This discrepancy is primarily explained by Cai et al.'s use of more detailed landfill site data[42]. In addition, 
their forecast relied heavily on population projections while neglecting policy impacts, particularly the 
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nationwide implementation of the "waste-free cities" initiative starting in 2018, which significantly reduced 
landfill volumes. Chen et al. reported that methane emissions from wastewater treatment plants in China 
increased 2.8-fold, from 0.5 million tons in 2006 to 1.37 million tons in 2019[43]. Ma et al. found that 
methane emissions from wastewater treatment reached 2.2 million tons in 2010[44]. Wang et al. estimated 
emissions from municipal wastewater treatment plants (WWTPs) at 0.26 million tons in 2019[45]. Using a 
bottom-up approach, Zhao et al. estimated 1.17 million tons of methane emissions from wastewater 
treatment plants in 2014, lower than the 1.667 million tons calculated in this study for 2018, as their analysis 
excluded methane from sludge anaerobic digestion[46]. According to Xu et al.[26] and Zhao et al.[47], methane 
emissions from livestock and poultry manure in China range from 1.95 to 4 million tons annually. Lan et al. 
and Du et al. estimated total livestock methane emissions (including enteric fermentation) between 10 and 
12 million tons during 2010-2020[48,49]. In comparison, this study estimates methane emissions from manure 
alone at 2.044-2.263 million tons per year. Research on methane emissions from agricultural cultivation has 
primarily focused on rice paddies. Fewer studies have incorporated emissions from agricultural off-field fuel 
use into the waste methane system. Table 2 summarizes the differences between this study and previous 
research in terms of parameters, system boundaries, and key findings.

Overall, the methane emission estimates from the four waste sub-sectors in this study fall within a 
reasonable range compared to the existing literature. Differences in emission trends largely stem from 
variations in policy implementation, data accuracy, and system boundary definitions. As public awareness 
of waste-related methane emissions and their economic implications grows, significant reductions could be 
achieved under low-carbon development and related policy scenarios, as noted by Cai et al.[42]. Moreover, 
methane emissions from waste are strongly correlated with urban population density and agricultural 
activity intensity, with high-emission regions concentrated in densely populated urban centers and areas of 
intensive agriculture, consistent with findings by Wang et al.[50] and Lu et al.[51].

Uncertainty analysis
The uncertainty in the results of this study primarily arises from data collection methods, the costs of 
methane capture technologies, and the extent of policy enforcement. The methane emission factors for the 
four sub-sectors analyzed are largely derived from IPCC inventories and relevant literature. These factors 
may deviate from actual measurements, potentially leading to variations in the results. Moreover, 
substantial differences in emission factors may exist among neighboring provinces. For example, in Hunan 
and Guizhou, variations in terrain and farming practices result in differing methane emission factors for 
agricultural cultivation and livestock farming. Such regional discrepancies can affect the spatial distribution 
patterns of emission reductions. Currently, methane capture technologies for landfills are relatively mature. 
However, technologies for capturing methane from urban sewage and agricultural waste have not yet been 
widely adopted. The high costs of these technologies may delay policy implementation, thereby introducing 
considerable uncertainty into quantitative assessments of policy benefits.

Limitations
This study integrates methane emissions from waste systems into a unified framework, focusing on the 
emission characteristics and trends across four sub-areas linked to urban and agricultural activities. 
However, beyond these four sub-areas, methane-producing waste also includes organic matter from 
industrial production, kitchen waste from households, and garden waste. The potential for methane 
emissions from these sources depends on technological pathways, treatment processes, and treatment 
capacities, which may vary regionally. For instance, processes such as direct incineration of garden waste or 
converting kitchen waste into feedstock through drying and oil refining do not produce methane. Due to 
the complexity of these scenarios, they were not included in this study. In addition, this study accounts for 
methane emissions from agricultural straw only when used as fuel, while excluding its use as a soil 
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Table 2. Comparison with other studies

No. Author Sector Parameters System boundary Main conclusion This study

1 Cai et al., 2018[42] Waste disposal Reaction constants ki and 
methane production ratios 
derived from FOD model 
parameters; waste 
composition based on 
regional averages 

Direct emissions from landfills 
included; upstream processes (e.g., 
waste collection/transport) excluded

Methane emissions from landfills in China were 
1.48 million tons in 2012. Compared with the 
BAU scenario in 2030, two mitigation scenarios 
were projected to reduce emissions by 0.60 and 
0.97 million tons, respectively[42]

Methane emissions from waste disposal in 
China were estimated at 2.43 million tons in 
2018 and projected to decline to 0.11 million 
tons by 2030. By 2030, the BAU, UWR, and 
ACRS scenarios are expected to reduce 
methane emissions by 0.98~6.19 million 
tons

2 Zhao et al., 2019[46] Sewage treatment Emission factors from IPCC 
Guidelines

Direct methane emissions from 
sewage treatment processes 
(anaerobic/aerobic systems) 

Total methane emissions from municipal 
sewage treatment plants in 229 Chinese 
prefecture-level cities reached 1.17 million tons 
in 2014, three times higher than the emissions 
from similar plants in the United States in 
2016[46]

Assuming 10% methane collection, methane 
emissions from sewage treatment in China 
were estimated at 1.67 million tons in 2018

3 Zhao et al., 2024[47] Livestock and 
poultry manure

Emission factors from IPCC 
(2006) Tier 1 & Tier 2 
guidelines; manure 
management system 
proportions based on 
provincial data

Methane emissions from rice 
cultivation and five livestock 
categories (cattle, sheep, swine, 
poultry) via enteric fermentation and 
manure management

From 2010 to 2019, total methane emissions 
from China’s agricultural sector decreased from 
24.27 to 22.17 million tons. Methane emissions 
from livestock and poultry manure decreased by 
4.00 million tons between 2010 and 2016[47]

Total methane emissions from livestock and 
poultry manure in China increased from 
2.04 million tons in 2018 to 2.26 million tons 
in 2022

4 Xu et al., 2024[26] Livestock manure Emission factors from IPCC 
(2006) Tier 1, China’s 
Provincial GHG Inventory 
Guidelines, and other 
literature

Methane emissions from enteric 
fermentation and manure 
management 

Methane emissions from China's livestock 
industry decreased from 13.85 million tons in 
2001 to 11.82 million tons in 2021. Methane 
emissions from manure management increased 
from 1.76 to 1.92 million tons over the same 
period, with an average annual emission of 1.95 
million tons[26]

Assuming 10% methane collection, methane 
emissions from livestock manure in China 
were estimated at 2.24 million tons in 2021

5 Wang et al., 2021[50] Livestock 
management, 
straw burning, 
waste disposal

Localized parameters from 
China’s Provincial GHG 
Inventory Guidelines; straw-
to-grain ratios and straw 
burning rates from NDRC 
data

Methane emissions from rice 
cultivation, livestock enteric 
fermentation/manure management, 
and waste treatment

Regions with high methane emissions from 
livestock management are primarily located in 
western China, while regions with high 
emissions from waste disposal are concentrated 
in large cities such as municipalities and 
provincial capitals[50]

The provinces with the highest methane 
emissions from livestock and poultry 
farming are Henan, Hunan, and Sichuan. 
Methane emissions from waste disposal are 
concentrated in populous provinces such as 
Guangdong and Henan

6 Lu et al., 2024[51] Waste disposal, 
sewage treatment, 
manure 
management

Locally measured data in 
Shandong Province 
prioritized; supplemented 
with literature data

All methane sources in Shandong 
Province, including energy activities, 
agricultural activities, waste 
treatment, and natural sources

Total methane emissions in Shandong Province 
in 2020 were 1.71 million tons[51]

From 2018 to 2022, total methane 
emissions from waste in Shandong Province 
declined from 0.96 to 0.74 million tons

amendment. By contrast, most other studies emphasize methane emissions from rice paddies and the utilization of straw as a soil amendment. Such 
discrepancies in scope may introduce potential biases, which should be acknowledged in future research.
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The study also relies heavily on government reports and statistical yearbooks for activity data. Due to 
incomplete local guidelines, reference standards are mainly derived from zonal calculations based on 
national-level standards. This approach can lead to significant parameter discrepancies among neighboring 
provinces in different zones, thereby introducing uncertainty into the results. It should also be noted that 
the analysis is limited to methane emissions from non-industrial waste sources. Methane emissions from 
agricultural straw are estimated only for energy use and exclude emissions from the natural decay of straw 
returned to fields, which cannot be systematically monitored across regions. This omission may cause 
deviations from actual emission levels. Similarly, methane from small-scale livestock manure is excluded, 
with the analysis limited to emissions from livestock and poultry breeding. In the municipal solid waste 
sector, only methane emissions from landfilling are considered, while emissions from other treatment 
processes are not quantified. Consequently, variations in parameter values may result in discrepancies 
between the total methane estimates in this study and those reported in other domestic or international 
inventories, as well as those derived from atmospheric inversion data (see Section "Comparison with other 
studies").

Policy implications and insights
Methane emissions from waste disposal in China have declined significantly over the past five years, largely 
due to the "Waste-Free City" initiative and the expansion of waste incineration facilities nationwide. These 
measures have substantially reduced landfill volumes in both urban and rural areas. In 2018, China 
launched the waste-free city initiative, urging regions to minimize landfill use. The following year, a waste-
sorting campaign was implemented, accompanied by a series of action plans aimed at reducing waste and 
improving resource utilization. Together, these policies have driven a nearly three-quarters reduction in 
landfill volumes over the past five years, with methane emissions from waste disposal falling accordingly 
from 42.9% to 15.5%. Looking ahead, as waste incineration capacity continues to expand, methane 
emissions from waste disposal are expected to decline further. By contrast, methane emissions from 
agricultural planting waste have exhibited a slight increase, reflecting the stability of China's agricultural 
structure and straw production. Despite the enforcement of bans on open straw burning since 2018 and the 
return of much agricultural waste to fields for reuse, this source of methane emissions remains outside the 
scope of the present study. Off-field utilization of straw for fuel is still limited, as it depends heavily on 
technological advances and policy support, and has been promoted only in select regions. Nevertheless, over 
the past five years, emissions from agricultural planting waste have overtaken those from other sources, 
making it the leading contributor to methane emissions. This shift highlights the agricultural sub-sector as a 
priority for future methane mitigation. Livestock manure is now the second-largest source of methane 
emissions from waste. With rising consumption of meat, eggs, and dairy products, the numbers of beef and 
dairy cattle have increased by 27.7% and 7.4%, respectively, over the past five years. Methane generation 
from manure is closely tied to livestock populations. However, large-scale pig farming in China remains 
relatively limited, with much of the production carried out by households, cooperatives, or small and 
medium-sized farms. As a result, the collection and utilization of methane from manure remain inadequate, 
posing an ongoing challenge for methane reduction. Methane emissions from sewage treatment systems 
have grown most rapidly, driven by improvements in urban drainage systems that have greatly expanded 
sewage collection and treatment capacity. The sewage treatment considered in this study refers primarily to 
municipal sewage, with methane emissions arising mainly under anaerobic conditions in pipelines and 
sludge treatment. Thus, the potential for methane generation from sewage depends largely on COD 
emissions from domestic water use. In the future, as sewage treatment facilities continue to expand in both 
urban and rural areas, the volume of sewage collected and treated will increase, further unlocking the 
potential for methane emissions.
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Although the inflow of new landfill waste is declining, existing landfills remain a major source of methane 
emissions and will continue to require strong policy attention over the next five years. Meanwhile, methane 
emissions from urban wastewater treatment are increasing annually. However, with China accelerating its 
policies on wastewater treatment and resource recovery, wastewater - particularly industrial wastewater - 
offers significant potential for methane utilization. To accelerate methane capture and use, government 
departments could consider introducing additional economic instruments, such as preferential pricing or 
tax exemptions. Since agricultural planting and livestock farming are now the dominant and growing 
sources of methane emissions, the agricultural sector should be encouraged to develop efficient methane 
treatment and utilization technologies, such as high-solid anaerobic digestion and advanced purification 
systems. Stronger regulation and oversight of large-scale livestock farms are also needed to improve manure 
collection and treatment. At the same time, active investment in research and development of methane 
control technologies for rice paddies will be important to reduce off-field emissions.

From a regional perspective, methane emissions are concentrated in agricultural zones and densely 
populated areas. Therefore, incorporating waste management and methane reduction measures into 
regional strategies - such as high-quality development in the Yellow River Basin and green development in 
the Yangtze River Economic Belt - would be highly beneficial. In addition, large-scale, centralized solid 
waste disposal centers should be established near megacities[52]. These facilities could serve as integrated 
platforms for managing municipal solid waste, sewage, agricultural residues, and livestock manure, enabling 
large-scale methane reduction and centralized resource utilization. Such initiatives would provide robust 
support for China's proactive efforts to address climate change and control non-CO2 gas emissions.

CONCLUSION
This study developed a methane emissions accounting model covering the main sources of waste generation 
in both urban and rural settings and conducted a quantitative analysis of methane emissions from waste 
sectors and regions in China between 2018 and 2022. By incorporating China's key methane control policies 
and actions, three scenarios were designed to evaluate the potential for emission reductions between 2025 
and 2030. The results show that total methane emissions from waste in China declined by 27.8% in 2022 
compared with 2018, with urban waste contributing most to this reduction. However, emissions from 
agricultural waste, particularly livestock and poultry farming, remain substantial and cannot be ignored. 
Methane emissions are mainly concentrated in densely populated regions and areas with intensive 
agricultural activity, especially along the Yangtze River and Yellow River economic corridors. Policies on 
agricultural emission reduction and carbon sequestration have made the greatest contribution to waste-
related methane reductions, and future initiatives in this area should be strengthened. Overall, this study 
provides new insights into the sources, pathways, and future trends of methane emissions in the waste 
sector, offering evidence-based guidance for governments to design effective control strategies, maximize 
mitigation benefits, and minimize greenhouse gas abatement costs.
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