Supplementary

Supplementary Table 1 | Basic parameters of five actual CBPD in Chinese rural area

	Village name
	Number of biogas supply customers
	Average value of customers
	Biogas consumption, m3/d
	Biogas production, m3/d
	CPR, %
	Monitoring period

	
	
	Family size, persons
	Home time, month/yr
	Age, yr
	Max
	Min
	Mean
	Max
	Min
	Mean
	
	

	Longdong
	35
	3.0
	10.8
	51.1
	20.4
	5.1
	11.6
	40.8
	2.6
	14.7
	78.0
	Oct. 18, 2017- Apr. 5, 2019

	Taikang
	47
	4.0
	9.3
	46.7
	37.6
	8.1
	18.0
	43.1
	9.0
	21.6
	65.2
	Dec. 12, 2017- Apr. 29, 2019

	Guangping
	60
	4.3
	10.0
	44.6
	76.6
	21.2
	43.0
	57.9
	18.6
	36.1
	73.4
	Aug. 8, 2017- Oct. 29, 2018

	Changping A
	65
	3.3
	9.7
	46.8
	43.6
	15.4
	27.2
	66.7
	12.2
	33.3
	75.8
	Jun. 23, 2018- Apr. 29, 2019

	Changping B
	120
	6.5
	9.5
	53.8
	79.9
	19.4
	53.3
	99.8
	32.1
	63.1
	70.2
	Mar. 1, 2018- Apr. 29, 2019


The five villages are located on the vicinity of Deyang city, Sichuan province, China. The energy sources used by customers include firewood, biogas, petrol gas, electricity, and solar energy for civil energy consumption. From a least-cost perspective, the direct use of biogas as fuel seems more reasonable than petrol gas, as the price is 1.8 Chinese Yuan per m3 biogas (55%-65% CH4 content) compared with approximately 5.1 Chinese Yuan for petrol gas. 
Supplementary Table 2 | Parameters of the proposed CBPD for state-of-the-art performance analysis

	Parameter
	Value

	Fermented volume, m3
	100

	Fermentation temperature, ℃
	27

	Feeding TS content, %
	10

	Average OLR, kg/d
	1667

	Thickness of insulation, m
	0.1

	Absorption of solar radiation by reactor surface
	0.79

	Thermal conductivity, W/(m·℃)
	0.42

	Surface area of roof, m2
	23.9

	Surface area of wall, m2
	80.1

	Surface area of ground, m2
	20.4


Supplementary Table 3 operation parameters of a combined heat and power generation unit (CHP) and its GHG emission per each customer’s biogas usage
	Average biogas consumption rate, m3/(d·customer)
	Electricity efficiency 1,%
	Lower heating value of biogas, MJ/m3
	Emission factor for generated electricity connecting to grid 2, kg CO2e/kWh
	GHG emission of CHP *, kg CO2eq/(d·customer)

	0.427
	20-42
	21.54
	0.2135-0.4819
	(-0.109)-(-0.517)


* The values for each Chinese province are all lower than respective GHG emission mitigation of upgraded CBPD deployment.
Supplementary Table 4 Rates of methane production from manure and domestic gas demand in the rural community (RPD) in 31 mainland Chinese provinces
	Item
	Province
	Methane demand,billion m3 CH4/yr
	RPD

	1
	Beijing
	0.10
	1.33 

	2
	Tianjin
	0.07
	2.35 

	3
	Hebei
	1.00
	2.31 

	4
	Shanxi
	0.49
	5.85 

	5
	Inner Mongolia
	0.31
	4.51 

	6
	Liaoning
	0.44
	6.80 

	7
	Jilin
	0.34
	5.28 

	8
	Heilongjiang
	0.43
	4.56 

	9
	Shanghai
	0.12
	0.88

	10
	Jiangsu
	0.82
	2.47 

	11
	Zhejiang
	0.70
	1.66 

	12
	Anhui
	0.91
	3.76 

	13
	Fujian
	0.45
	3.06 

	14
	Jiangxi
	0.57
	4.42 

	15
	Shandong
	1.34
	4.41 

	16
	Henan
	1.44
	3.82 

	17
	Hubei
	0.74
	4.64 

	18
	Hunan
	0.95
	4.91 

	19
	Guangdong
	0.97
	4.29 

	20
	Guangxi
	0.73
	4.85 

	21
	Hainan
	0.11
	4.79 

	22
	Chongqing
	0.40
	3.36 

	23
	Sichuan
	1.33
	4.23 

	24
	Guizhou
	0.59
	3.04 

	25
	Yunnan
	0.69
	4.67 

	26
	Xizang
	0.05
	15.77 

	27
	Shaanxi
	0.51
	1.93 

	28
	Gansu
	0.37
	2.71 

	29
	Qinghai
	0.07
	10.90 

	30
	Ningxia
	0.08
	2.81 

	31
	Xinjiang
	0.32
	2.95 


Supplementary note 1 | Effect of feeding time point on the storage capacity requirements and their minimum biogas residue before substrate loading
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Appropriate biogas storage capacity with sufficient biogas presetting is the necessary condition for ensured biogas supply. The requirements for storage capacity and its minimum biogas residue at different feeding time points are shown in Supplementary Fig. 1. We suggest that, in practice, the feeding time point should occur during the evening for optimum biogas supply, and to maintain flexibility and reduce the requirement for residue biogas and biogas storage. Once the biogas consumption information is available, daily biogas consumption could be forecast on site, and an accurate operational scheme could be determined according to the optimal biogas storage capacity. 
Supplementary Fig. 1 | Requirements of storage capacity and its minimum residue biogas at different feeding time points
Supplementary Note 2 | Thermal balance calculation of CBPD deployment
The total heat required to maintain the fermentation temperature at a desired value can be expressed as.

QT=Qi+Qd+Qg+QW                                                              (1)

Where QT is total digester heat requirement, Qi is heat required to raise the feedstock to the desired digester temperature, Qd is heat loss through digester walls, bottom and top, Qg is heat loss due to the gas leaving digester, QW is heat loss due to evaporation. The detail calculation equation is as the previous description 3.

Supplementary Note 3 | The climate conditions of 10 cities and their detailed parameters
In this study of an ungraded CBPD of 100 m3 fermented volume, the 2015 data for annual ambient temperature and solar radiation intensity of 10 selected cities was downloaded from the Energyplus website. A cylindrical reactor of 5.1 m inside diameter was selected as the calculation model 4, with uniform digester material and insulation material heat loss intensity properties. The digesters were heated by burning the biogas contained when the monthly temperature fell below 27 °C, assuming that solar radiation had an impact on the additional heating and that fermentation temperature could be maintained by recycling leachate 5. The parameters used in the daily RPC computation are shown in Supplementary Table 2. 

Supplementary Note 4 The conditions assumed in scattered Chinese agricultural and rural communities for the successful national deployment of community biogas systems.
The boundary conditions assumed were: 

ⅰ) Rural dwellers fully understand the benefits of biogas usage for health, energy conservation, and the environment as illustrated by the wide application of household biogas digesters in recent years 6. 

ⅱ) The increased income of customers due to lower biogas costs will encourage them to push for this convenient fuel and achieve higher living standards 7 through the use of commercial biogas with high quality supply services. 

ⅲ) The nuclear family is the fundamental unit for farm system management 8. It is possible for farming families to collect feedstock quickly and efficiently due to its concentrated availability, making efficient production of biogas possible. The settlement pattern in rural areas has changed from a decentralized pattern of communities to a centralized one, with “integrated construction of urban-rural areas” enabling the efficient production of biogas 9.
ⅳ) Biogas seems to be the most likely future choice of fuel for cooking, heating, and commercial energy for agricultural enterprise in rural communities 10. 
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