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Table 1. Data source of GHG emission factors for conventional wastewater treatment technologies.
	Technology
	Emission factor
	Reference

	Anaerobic-anoxic-oxic
	CO2 emission factor
	Bao et al., 2015; Yan et al., 2014

	
	CH4 emission factor
	Li et al., 2017; Ren et al., 2013; Rodriguez-Caballero et al., 2014; Wang et al., 2011

	
	N2O emission factor
	Li et al., 2017; Ren et al., 2013; Rodriguez-Caballero et al., 2014; Yan et al., 2014

	Oxidation ditch
	CO2 emission factor
	Bao et al., 2015; Yan et al., 2014

	
	CH4 emission factor
	Delre et al., 2017; Li et al., 2016; Li et al., 2017; Ren et al., 2013; Yan et al., 2014

	
	N2O emission factor
	Delre et al., 2017; Foley et al., 2010; Li et al., 2017; Ren et al., 2013; Yan et al., 2014

	Conventional activated sludge
	CO2 emission factor
	Hu et al., 2019; Yoshida et al., 2014

	
	CH4 emission factor
	Aboobakar et al., 2014; Hwang et al., 2016; Masuda et al., 2018

	
	N2O emission factor
	Brotto et al., 2015; Hwang et al., 2016; Masuda et al., 2018

	Sequencing batch reactor
	CO2 emission factor
	Bao et al., 2015; Bao et al., 2016

	
	CH4 emission factor
	Bao et al., 2016; Delre et al., 2017; Kong et al., 2013

	
	N2O emission factor
	Bao et al., 2016; Foley et al., 2010; Kong et al., 2013; Lo et al., 2010

	Anoxic-oxic
	CO2 emission factor
	Bao et al., 2015; Bao et al., 2016

	
	CH4 emission factor
	Bao et al., 2016

	
	N2O emission factor
	Aboobakar et al., 2013; Bao et al., 2016




Table 2. Data source of pollutant removal efficiencies for wastewater treatment technologies for enhanced energy recovery.
	Technology
	Removal rate (%)
	Reference

	EGSB
	COD removal rate
	Dai et al., 2011; He et al., 2023; Sheldon et al., 2016; Xing et al., 2024; Yang et al., 2020

	
	TN removal rate
	Lee et al., 2015; Liu et al., 2021; Justo et al., 2016; Yang et al., 2020

	
	TP removal rate
	Dai et al., 2011; He et al., 2023; Liu et al., 2021; Sheldon et al., 2016

	CETP
	COD removal rate
	Checa-Fernández et al., 2024; Chun et al., 2020; Hu et al., 2023

	
	TN removal rate
	Chakraborty et al., 2020; Chun et al., 2020; Rahman et al., 2016

	
	TP removal rate
	Chen et al., 2019; Hu et al., 2023; Shewa et al., 2020; Wu et al., 2023

	HRAS
	COD removal rate
	[bookmark: _Hlk203487845]Abdelrahman et al., 2023; Guven et al., 2019; Ji et al., 2023

	
	TN removal rate
	Abdelrahman et al., 2023; Canals et al., 2024; Ji et al., 2023; Rahman et al., 2019

	
	TP removal rate
	Abdelrahman et al., 2023; Canals et al., 2024; Ji et al., 2023 

	AnMBR
	COD removal rate
	Dong et al., 2016; Evans et al., 2019; Gouveia et al., 2015; Kong et al., 2021a

	
	TN removal rate
	[bookmark: _Hlk203487854]Kong et al., 2021b; Rong et al., 2021; Wimalaweera et al., 2024; Wimalaweera et al., 2025

	
	TP removal rate
	Liu et al., 2020; Wimalaweera et al., 2024




Table 3. Data source of additional parameters for wastewater treatment technologies for enhanced energy recovery.
	Technology
	Parameter
	Reference

	EGSB
	Electricity intensity
	Xu et al., 2020

	
	Sludge yield
	MEE, 2012

	
	CH4 yield
	MEE, 2012

	
	Biogas leakage rate
	Song et al., 2023

	
	N2O conversion rate
	Fang et al., 2020

	CEPT
	Iron salts consumption
	Chun et al., 2020; Hu et al., 2023; Ye et al., 2024

	
	Electricity intensity
	Ye et al., 2024

	
	Sludge yield
	Chun et al., 2020; Hu et al., 2023;

	HRAS
	Electricity intensity
	Abdelrahman et al., 2023

	
	Sludge yield
	Carrera et al., 2022; Liang et al., 2022; Shao et al., 2020

	
	CO2 emission factors
	Ji et al., 2023

	
	CH4 emission factors
	Ji et al., 2023

	
	N2O conversion rate
	Ji et al., 2023

	AnMBR
	Electricity intensity
	Evans et al., 2019

	
	Sludge yield
	Dong et al., 2016; Evans et al., 2019; Kong et al., 2021a

	
	CH4 yield
	Gouveia et al., 2015; Kong et al., 2021a; Liu et al., 2024

	
	Biogas leakage rate
	Kong et al., 2021a

	PND
	Electricity intensity
	Chai et al., 2014; Wang et al., 2021

	
	N2O conversion rate
	Chai et al., 2014; Wang et al., 2021

	PN/A
	Electricity intensity
	Chai et al., 2014

	
	N2O conversion rate
	Chen et al., 2020; Christensson et al., 2013; Hausherr et al., 2022; Joss et al., 2009



Table 4. Data source of wastewater reclamation technologies.
	Technology
	Parameter
	Reference

	UF
	Electricity intensity
	Chew et al., 2016; Li et al., 2018

	
	Water recovery rate
	Stachurski et al., 2024; Verhuelsdonk et al., 2021

	RO
	Electricity intensity
	Lee et al., 2012

	
	[bookmark: _Hlk196662246]Water recovery rate
	Lee et al., 2012; Stachurski et al., 2024

	DDBF
	Electricity intensity
	Huang et al., 2019; Zhang et al., 2024

	
	Polyaluminum chloride consumption
	Zhang et al., 2024

	
	Methanol consumption
	Zhang et al., 2024

	
	N2O conversion rate
	Du et al., 2023

	UV
	Electricity intensity
	Longo et al., 2016




Table 5. Data source of energy recovery and conversion technologies.
	Technology
	Parameter
	Reference

	AD
	CH4 yield 
	Balasundaram et al., 2024

	
	Electricity intensity
	Balasundaram et al., 2024

	
	Heat intensity 
	Balasundaram et al., 2024

	
	Biogas leakage rate
	O'Shea et al., 2020

	Biogas purification
	Electricity intensity
	Angelidaki et al., 2018; Lombardi et al., 2020

	
	Iron salts consumption
	Angelidaki et al., 2018

	
	Activated carbon consumption
	Lombardi et al., 2020

	
	Sodium hydroxide consumption
	Lombardi et al., 2020

	Water scrubber (for biogas upgrading)
	Electricity intensity
	DGTC, 2020

	
	Piped water consumption
	Baena-Moreno et al., 2019; Kapoor et al., 2019

	WSHP (for HOCIW heat recovery)
	Coefficient of performance
	Wang et al., 2024; Yu et al., 2014

	CHP
	Heat generation efficiency
	Akbulut et al., 2021

	
	Power generation efficiency
	Akbulut et al., 2021




Table 6. Data source of carbon capture technologies.
	Technology
	Parameter
	Unit
	Reference

	Carbon capture
	CO2 capture rate (for biogas upgrading)
	%
	Varling et al., 2023

	
	CO2 capture rate (after CHP)
	%
	Beiron et al., 2023; Varling et al., 2023

	
	Electricity intensity
	kWh/t CO2 captured
	CCGGWG, 2023; Christensen et al., 2021; DGTC, 2020

	
	Heat intensity
	MJ/t CO2 captured
	CCGGWG, 2023; Christensen et al., 2021; DGTC, 2020

	
	Piped water consumption
	kg/t CO2 captured
	CCGGWG, 2023; Christensen et al., 2021; DGTC, 2020

	
	Organic amines consumption
	kg/t CO2 captured
	CCGGWG, 2023; Christensen et al., 2021; DGTC, 2020




Table 7. Data source of biofertilizer production and application processes.
	Process
	Parameter
	Unit
	Reference

	Dewatering
	Electricity intensity
	kWh/kg digestate
	Yang et al., 2023

	Biofertilizer production
	Nutrient recovery rate
	%
	Du et al., 2023

	
	Electricity intensity
	kWh/kg digestate
	Yang et al., 2023

	Applied to fields
	Direct GHG emission factors
	kg CO2eq/kg digestate
	Yang et al., 2023




Table 8. Data source of nutrient contents in digestate.
	Nutrients content
	Unit
	Reference

	Total nitrogen (as N)
	% w/w
	Peccia et al., 2015; Yang et al., 2023

	Total phosphorus (as P2O5)
	% w/w
	Peccia et al., 2015; Yang et al., 2023




Table 9. Emission factors for chemicals production.
	Chemical
	Emission factor
	Unit
	Reference

	Ferric chloride
	0.243
	kg CO2eq/kg
	Wernet et al., 2016

	Activated carbon
	1.0
	kg CO2eq/kg
	DGTC, 2020

	Sodium hydroxide
	1.59
	kg CO2eq/kg
	DGTC, 2020

	Piped water
	0.168
	kg CO2eq/t
	MHURD, 2019

	Softened water
	0.636
	kg CO2eq/t
	NDRC, 2019; NEA, 2020; SETC, 2002

	Organic amines
	0.0912
	kg CO2eq/kg
	Wernet et al., 2016

	Polyaluminum chloride
	1.828
	kg CO2eq/kg
	Wernet et al., 2016

	Polyacrylamide
	1.5
	kg CO2eq/kg
	Wernet et al., 2016

	Methanol
	0.659
	kg CO2eq/kg
	Wernet et al., 2016

	Nitrogen fertilizer (as N)
	7.76
	kg CO2eq/kg
	CCGGWG, 2023

	Phosphorus fertilizer (as P2O5)
	5.34
	kg CO2eq/kg
	CCGGWG, 2023



Table 10. Changes in emission factors of grid electricity and heat in China with increasing share of renewable energy in the energy mix (ERICAMR, 2023; GONDRC, 2015; Jia et al., 2024; MEE, 2020; SGETRI, 2024).
	Factor
	Region
	Share of renewable energy

	
	
	28%
	44%
	52%
	66%

	Emission factors of electricity
production (kg CO2/kWh)
	Beijing
	0.942
	0.828
	0.441
	0.361

	
	Tianjin
	0.942
	0.646
	0.412
	0.316

	
	Hebei
	0.942
	0.558
	0.438
	0.334

	
	Shanxi
	0.942
	0.725
	0.599
	0.449

	
	Inner Mongolia
	0.942
	0.684
	0.589
	0.439

	
	Liaoning
	1.083
	0.591
	0.401
	0.297

	
	Jilin
	1.083
	0.622
	0.332
	0.263

	
	Heilongjiang
	1.083
	0.822
	0.642
	0.471

	
	Shanghai
	0.792
	0.433
	0.330
	0.260

	
	Jiangsu
	0.792
	0.577
	0.459
	0.340

	
	Zhejiang
	0.792
	0.570
	0.445
	0.331

	
	Anhui
	0.792
	0.712
	0.608
	0.443

	
	Fujian
	0.792
	0.513
	0.384
	0.296

	
	Jiangxi
	0.859
	0.594
	0.421
	0.326

	
	Shandong
	0.942
	0.620
	0.473
	0.361

	
	Henan
	0.859
	0.558
	0.401
	0.290

	
	Hubei
	0.859
	0.755
	0.598
	0.447

	
	Hunan
	0.859
	0.737
	0.520
	0.384

	
	Guangdong
	0.804
	0.591
	0.484
	0.350

	
	Guangxi
	0.804
	0.452
	0.369
	0.288

	
	Hainan
	0.804
	0.523
	0.296
	0.227

	
	Chongqing
	0.859
	0.537
	0.333
	0.274

	
	Sichuan
	0.859
	0.718
	0.337
	0.237

	
	Guizhou
	0.804
	0.633
	0.519
	0.392

	
	Yunnan
	0.804
	0.508
	0.420
	0.290

	
	Tibet
	0.848
	0.644
	0.488
	0.360

	
	Shaanxi
	0.892
	0.780
	0.600
	0.453

	
	Gansu
	0.892
	0.826
	0.601
	0.449

	
	Qinghai
	0.892
	0.585
	0.417
	0.186

	
	Ningxia
	0.892
	0.660
	0.487
	0.369

	
	Xinjiang
	0.892
	0.816
	0.625
	0.395

	Emission factors of heat production
(kg CO2/MJ)
	China
	0.11
	0.10
	0.09
	0.078




[bookmark: _Hlk198887377]Table 11. Decline rate of heat intensity due to carbon capture technologies advancement (Li et al., 2024).
	Parameter
	Value

	Decline rate of heat intensity (%)
	0%
	24%
	37%
	55%

	Heat intensity of CO2 capture (MJ/t CO2 captured)
	2998.1
	2271.3
	1892.7
	1350.2




Table 12. Relative change in GHG emission factors of chemicals with increasing share of renewable energy in the energy mix, relative to 2019 (baseline = 100%) (Sun et al., 2025).
	Parameter
	Share of renewable energy

	
	28%
	44%
	52%
	66%

	Relative GHG emission factors for chemicals (%)
	100.0%
	92.7%
	85.6%
	78.7%
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