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Fig. S1. EDS mapping images of (a) RS and (b) SS.
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Fig. S2. XRD refinement results of sludge-derived LiFePO4/C samples: (a) SP-5; (b) SP-15; (c) SP-25; (d) SP-35.


Table S1. The molar ratios of elements in the RS and SS compared with Fe (100%).
	Samples
	Fe
	P
	Ca
	Na
	Si
	B
	Mg
	Al
	K

	RS
	100.0%
	49.0%
	30.5%
	20.3%
	12.7%
	9.2%
	8.7%
	5.8%
	2.2%

	SS
	100.0%
	47.7%
	21.8%
	3.4%
	5.8%
	0.9%
	6.1%
	3.5%
	1.3%




Table S2. Crystallographic data and refinement parameters of the sludge-derived LiFePO4/C samples. 
	Samples
	Structural formula

	
	a
(Å)
	b
(Å)
	c
(Å)
	V
(Å3)
	α=β=γ
(°)
	χ2
	Fe
(wt%)

	SP-0
	10.3380(19)
	6.0127(11)
	4.6952(8)
	291.85(15)
	90
	1.734
	-

	SP-5
	10.3405(6)
	6.01378(35)
	4.69677(30)
	292.07(4)
	
	1.624
	-

	SP-15
	10.3493(24)
	6.0187(14)
	4.7014(11)
	292.85(20)
	
	1.576
	-

	SP-25
	10.3615(25)
	6.0259(14)
	4.7082(11)
	293.96(20)
	
	1.545
	0.19

	SP-35
	10.3427(7)
	6.0157(4)
	4.70086(33)
	292.48(4)
	
	1.802
	0.87

	SP-50
	10.340(4)
	6.0133(25)
	4.7063(19)
	292.61(35)
	
	1.640
	1.67



Table S3. Results analysis of ICP-OES and content of C coating for the sludge-derived LiFePO4/C samples. 
	Samples
	Atomic percent (%)
	C coating content (wt%)

	
	Li
	Fe
	P
	Ca
	Na
	Si
	B
	Mg
	Al
	K
	

	SP-0
	18.28
	17.93
	18.37
	-
	-
	-
	-
	-
	-
	-
	4.89

	SP-5
	15.65
	15.97
	16.81
	1.05
	0.87
	0.51
	-
	0.11
	0.20
	0.44
	

	SP-15
	16.28
	15.43
	16.76
	1.57
	0.96
	0.16
	-
	0.33
	0.31
	0.54
	

	SP-25
	16.93
	16.04
	18.25
	1.68
	0.98
	0.15
	0.16
	0.47
	0.40
	0.52
	

	SP-35
	17.79
	16.03
	18.08
	1.89
	1.23
	0.68
	-
	0.65
	0.61
	0.66
	

	SP-50
	18.28
	15.00
	17.22
	2.71
	1.37
	0.53
	0.18
	0.96
	0.72
	0.67
	




Table S4. Initial specific charge/discharge data and cycle performance of sludge-derived LiFePO4/C samples at 0.1 C from 2.0 to 4.2 V. 
	Samples
	Initial specific charge capacity
(mAh g-1)
	Initial specific discharge capacity
(mAh g-1)
	[bookmark: _Hlk116656502]Initial columbic efficiency
(%)
	Capacity retention (%)

	SP-0
	159.0
	154.8
	97.4
	92.6

	SP-5
	156.7
	149.9
	95.7
	95.2

	SP-15
	146.5
	134.1
	91.5
	98.7

	SP-25
	134.6
	118.8
	88.3
	99.1

	SP-35
	132.4
	114.9
	86.8
	99.2

	SP-50
	102.6
	88.5
	86.3
	102.3




Table S5. Analysis of the economic benefits of different CPR sludge phosphorus reuse methods when treating one ton of sludge in dry weight.
	Benefits 
[bookmark: _Hlk124180287][bookmark: _Hlk128769617]($ t-1 DS)
P reuse methods
	Operation cost
	Product income
	Net income

	[bookmark: _Hlk128767952]Anaerobic digestion for
P-fertilizer
	37.8~44.3a [1]+75.5b
	76.5e
	[bookmark: _Hlk123898067]-36.8~-43.3

	[bookmark: _Hlk128768017]SS alternative to FePO4
	98.9c [2]+113.9d
	1039.1f
	826.3


Note: a. Anaerobic digestion; b. MAP precipitation; c. Thermal and acid-washing treatment; d. Chemical reagent; e. Phosphate fertilizer (assuming no biogas produced); f. Sintered sludge as FePO4 substitute; 


Calculation of CO2 emission reductions
Take the case of a municipal wastewater treatment plant with wastewater treatment capacity of 106 m3 d-1, for example, the daily production of chemical P removal (CPR) sludge incorporates 1.5 tons of P and 5.3 tons of Fe, which can substitute up to 14.3 tons of FePO4 reagent, representing 50% of the phosphorus and 100% of the iron required for this reagent.
The conventional production of FePO4 via precipitation process involves comprehensive energy consumption of approximately 460 kg coal equivalent per ton of FePO4 (kg ce/t FePO4) [3], By replacing 14.3 tons of FePO4, we save energy equivalent to: 

Converting this energy saving to CO2 emissions reduction using a conversion factor of 2.493 kg CO2 per kg of coal (a general factor for coal combustion) [4]: 
kg
The production of 14.3 tons of FePO4 requires about 23 tons of phosphate rock at 30% grade, and we also considered the savings from reducing the mining, processing and transportation of phosphate rock. Assuming the transportation of phosphate rock over a typical distance (e.g., 150 km), the energy savings and corresponding CO2 reductions from avoiding mining and transportation are calculated based on the energy consumption of mining phosphate rock (9.6 kg ce/t 30% phosphate rock) and transporting phosphate rock (37.6 g ce/km t phosphate rock) [5].  
kg 

Considering rounding and small variations in emission factors, the CO2 emissions from the chemical FePO4 production process and the phosphate rock mining and transportation process were combined to approximately 17.2 tons, which represents the total reduction in CO2 emissions achieved by using CPR sludge as a feedstock for the production of LiFePO4/C material.


[bookmark: _Hlk165308372]Environmental significance calculation
a. Data shows anaerobic digestion: unit investment cost ($ t-1 DS) = 22.5 to 46.0; unit operating cost ($ t-1 DS) = 37.8 to 44.3; 
b. Cost of phosphate fertilizer preparation by dosing anaerobic digestate (Based on 8% phosphorus content per ton of dry sludge and the conversion efficiency is 30% ): 1 t DS contains 80 kg P, and 24 kg P can be transferred into the digestate, which needs 1238.7 mol MgCl2‧6H2O (251.8 kg) and 32.5 mol NaOH (1.3 kg) via MAP method, and the unit price of MgCl2‧6H2O and NaOH is 298.1 $ t-1 and 714.3 $ t-1, respectively, so the total cost is 75.5 $.
c. The cost of sludge sintering at 600 ℃ is 98.9 $ when compared to the cost of incinerating sludge from literature research.
d. 1 t DS can provide 0.4 t of phosphorus source required for ferric phosphate, but also requires an additional 0.08 t of phosphorus supplementation, which corresponds to 0.3 t of ammonium dihydrogen phosphate, the unit price of NH4H2PO4 is 379.7 $ t-1, so the total cost of phosphorus supplementation is 113.9 $.
e. 1 t DS contains 80 kg P, and 24 kg P can be transferred into the digestate, the sedimentation efficiency of 90%, which can produce 95.6 kg MgNH4PO4, the unit price is 800 $ t-1. So, the total income of phosphate fertilizer preparation by dosing anaerobic digestate is 76.5 $.
f. 1 t DS can provide a source of phosphorus to replace 0.4 t ferric phosphate, and the unit price of ferric phosphate is 3500.0 $ t-1. Conversion according to specific capacity: .
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