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1. Proxy materials
1.1. Sodium benzoate
Assumed made from full reaction of benzoic acid with sodium hydroxide. Water is produced and evaporated with a heat of vaporisation of 2257 J/g at 100 °C.
Reaction:
· Benzoic acid + sodium hydroxide --> Sodium benzoate + water
Chemical formulae:
· C7H6O2  +  NaOH  -->  C7H5NaO2  +  H2O
Stochiometric masses:
· 122.12 g  +  39.997 g  -->  144.11 g  +  18.02 g
Table S1 Inventory data for 1 kg sodium benzoate from sodium hydroxide production.
	Inputs
	Quantity per 1 kg sodium benzoate
	Notes

	Benzoic acid (g)
	847.408
	

	Sodium hydroxide (g)
	277.545
	Quantity adjusted upon entry into LCA software depending on water content of available processes.

	Heat (MJ)
	0.282
	Derived from mass of water evaporated and heat of vaporisation of 2257 J/g

	Outputs
	
	

	Water steam (g)
	125.043
	



1.2. [bookmark: _Ref118292205][bookmark: _Toc119937802]Lemon/lime flavor
Processing data are taken from Miah et al. (2018). It is assumed that whole lemons are used and 100% the mass goes in, and that the energy is used to dehydrate the inputs to a concentrated lemon flavour. Note: the reference also has a lime flavour energy data set which reports the same quantities.
Table S2 Inventory data for 1 kg lemon liquid flavour. Individual data from Miah et al. (2018).
	Inputs
	Resources consumed per 1 kg lemon liquid flavour
	Notes

	Lemons (g)
	1032.35
	Aggregate of 1 kg input and waste mass. Assumed 100% lemon is used.

	Electricity (kWh)
	0.611
	

	Natural gas (MJ)
	4.90
	

	Water (l)
	7.77
	

	Outputs
	
	

	Solid wastes (g)
	32.35
	Assumed to be solid, and dry lemon waste. Modelled as miscellaneous waste.



1.3. Aluminium foil
Aluminium foil for yoghurt packaging modelled as 1 kg aluminium and a sheet rolling process. All energy inputs are included in the background processes.
Table S3 Inventory data for 1 kg aluminium foil, as used for yoghurt packaging.
	Inputs
	Inputs per 1 kg aluminium foil
	Notes

	Aluminium (kg)
	1.00
	

	Sheet rolling (kg)
	1.00
	



1.4. Environmental impact for NNS&SE

Table S4 Environmental impact results for 1 kg for each of the NNS&SE as reported in their respective studies. Data presented for baseline impact calculations in each study.
	Impact category
	Unit
	Reb A
(Suckling et al., 2023b)
	Sucralose
(Blenkley et al., 2023)
	Aspartame
(Suckling et al., 2023c)
	Neotame
(Suckling et al., 2023c)
	Thaumatin
(Suckling et al., 2023a)

	GWP
	kg CO2 eq
	20.25
	71.83
	29.25
	43.42
	719.21

	SOD
	kg CFC11 eq
	2.06x10-4
	1.20x10-4
	1.06x10-5
	4.06x10-5
	3.39x10-4

	IR
	kBq Co-60 eq
	0.77
	3.95
	1.09
	1.64
	22.19

	OF,HH
	kg NOx eq
	6.49x10-2
	1.63x10-1
	5.66x10-2
	2.83x10‑1
	3.97

	FPM
	kg PM2.5 eq
	3.92x10-2
	1.35x10-1
	1.26x10-1
	3.44x10-1
	1.06

	OF,T
	kg NOx eq
	6.88x10-2
	1.65x10-1
	5.93x10-2
	2.91x10-1
	4.01

	TA
	kg SO2 eq
	0.10
	3.43x10-1
	7.68x10-1
	1.46
	2.41

	FWEu
	kg P eq
	1.44x10-2
	9.03x10-2
	1.16x10-2
	3.23x10-2
	0.15

	MEu
	kg N eq
	2.47x10-2
	3.38x10-3
	2.55x10-3
	2.86x10-3
	3.77x10-2

	TEc
	kg 1,4-DCB
	1.44x102
	352.42
	1.24x102
	1.48x102
	2.76x103

	FWEc
	kg 1,4-DCB
	1.44
	3.74
	5.87
	13.28
	27.64

	MEc
	kg 1,4-DCB
	1.82
	4.79
	1.65
	11.90
	36.04

	HCT
	kg 1,4-DCB
	1.47
	4.23
	1.18
	3.36
	27.49

	HnCT
	kg 1,4-DCB
	34.83
	89.46
	24.05
	3.63x102
	392.37

	LU
	m2a crop eq
	37.85
	4.50
	5.87x10-1
	1.08
	2.95x105

	MRS
	kg Cu eq
	9.95x10-2
	1.11
	9.98x10-2
	2.06
	2.03

	FRS
	kg oil eq
	4.58
	16.29
	12.18
	17.53
	217.29

	WC
	m3
	2.53
	1.29
	4.90x10-1
	5.54x10-1
	1.55



2. LCA results
Table S5 Numerical results for 1 kg non-carbonated sugar-based drink from the presented study, and a carbonated one with quantity of added CO2 as per Amienyo et al. (2013).
	Impact category
	Unit
	Non-carbonated drink
	Carbonated drink
	Percent difference

	GWP
	kg CO2 eq
	6.15x10-1
	6.20x10-1
	0.78

	SOD
	kg CFC11 eq
	2.37x10-6
	2.37x10-6
	0.04

	IR
	kBq Co-60 eq
	3.13x10-2
	3.18x10-2
	1.82

	OF,HH
	kg NOx eq
	1.83x10-3
	1.83x10-3
	0.24

	FPM
	kg PM2.5 eq
	1.02x10-3
	1.02x10-3
	0.34

	OF,T
	kg NOx eq
	1.79x10-3
	1.79x10-3
	0.25

	TA
	kg SO2 eq
	2.59x10-3
	2.60x10-3
	0.34

	FWEu
	kg P eq
	2.35x10-4
	2.37x10-4
	0.65

	MEu
	kg N eq
	2.14x10-4
	2.14x10-4
	0.14

	TEc
	kg 1,4-DCB
	2.78
	2.83
	1.51

	FWEc
	kg 1,4-DCB
	3.32x10-2
	3.35x10-2
	0.75

	MEc
	kg 1,4-DCB
	3.63x10-2
	3.66x10-2
	0.89

	HCT
	kg 1,4-DCB
	2.71x10-2
	2.73x10-2
	0.87

	HnCT
	kg 1,4-DCB
	5.85x10-1
	5.90x10-1
	0.78

	LU
	m2a crop eq
	1.55x10-1
	1.56x10-1
	0.05

	MRS
	kg Cu eq
	2.10x10-3
	2.12x10-3
	0.85

	FRS
	kg oil eq
	1.89x10-1
	1.90x10-1
	0.45

	WC
	m3
	2.61x10-2
	2.61x10-2
	0.11



Table S6 Numerical results for environmental impact of producing 1 kg of milk, cream, milk powder and sugar. Data supports discussion in Section 4.2.1 in main manuscript.
	Impact category
	Unit
	Milk
	Cream
	Milk powder
	Sugar

	GWP
	kg CO2 eq
	1.18
	5.01
	1.01x10+1
	1.43

	SOD
	kg CFC11 eq
	6.91x10-6
	2.92x10-5
	5.40x10-5
	9.18x10-6

	IR
	kBq Co-60 eq
	5.69x10-3
	2.41x10-2
	6.92x10-2
	1.33x10-2

	OF,HH
	kg NOx eq
	8.14x10-4
	3.45x10-3
	7.07x10-3
	7.88x10-3

	FPM
	kg PM2.5 eq
	4.82x10-3
	2.04x10-2
	3.78x10-2
	1.83x10-3

	OF,T
	kg NOx eq
	1.54x10-3
	6.51x10-3
	1.27x10-2
	7.01x10-3

	TA
	kg SO2 eq
	4.62x10-3
	1.96x10-2
	3.67x10-2
	4.79x10-3

	FWEu
	kg P eq
	1.58x10-4
	6.71x10-4
	1.38x10-3
	3.68x10-4

	MEu
	kg N eq
	1.38x10-3
	5.84x10-3
	1.07x10-2
	1.71x10-3

	TEc
	kg 1,4-DCB
	8.15x10-1
	3.45
	6.88
	3.15

	FWEc
	kg 1,4-DCB
	2.72x10-2
	1.15x10-1
	2.31x10-1
	9.01x10-2

	MEc
	kg 1,4-DCB
	1.11x10-2
	4.68x10-2
	1.12x10-1
	2.89x10-2

	HCT
	kg 1,4-DCB
	4.60x10-3
	1.95x10-2
	5.12x10-2
	1.15x10-2

	HnCT
	kg 1,4-DCB
	4.76x10-1
	2.02
	3.96
	-1.2x10-1

	LU
	m2a crop eq
	5.57x10-1
	2.36
	4.35
	1.39

	MRS
	kg Cu eq
	3.88x10-4
	1.64x10-3
	3.53x10-3
	1.24x10-3

	FRS
	kg oil eq
	5.31x10-2
	2.25x10-1
	7.51x10-1
	2.55x10-1

	WC
	m3
	8.28x10-3
	3.51x10-2
	6.67x10-2
	1.79x10-1



[bookmark: _Ref145938487]Table S7 Numerical data for comparison of a sugar-based yoghurt to, separately, a Reb A- and thaumatin-based yoghurt, when using a uniform distribution in fresh product variability.
	Impact category
	Unit
	Sugar-based yoghurt impact
	Sugar vs thaumatin (%)
	Average % difference (thaumatin)
	Sugar vs Reb A (%)
	Average % difference (Reb A)

	GWP
	kgCO2-eq
	4.15
	94.98
	-2.05
	100.00
	-10.23

	SOD
	kgCFC11-eq
	1.97x10-5
	95.70
	-2.54
	99.96
	-12.55

	IR
	kBqCo-60-eq
	3.16x10-1
	95.62
	-0.16
	99.74
	-0.77

	OF,HH
	kgNOx-eq
	4.09x10-3
	100.00
	-3.77
	100.00
	-18.49

	FPM
	kgPM2.5-eq
	1.39x10-2
	91.64
	-2.07
	99.96
	-10.38

	OF,T
	kgNOx-eq
	5.97x10-3
	99.98
	-3.04
	100.00
	-15.00

	TA
	kgSO2-eq
	1.52x10-2
	94.76
	-2.10
	99.98
	-10.43

	FWEu
	kgP-eq
	1.05x10-3
	98.56
	-1.31
	99.92
	-6.28

	MEu
	kgN-eq
	3.82x10-3
	95.50
	-2.57
	99.94
	-12.82

	TEc
	kg1,4-DCB
	3.55
	100.00
	-2.48
	100.00
	-11.42

	FWEc
	kg1,4-DCB
	1.10x10-1
	99.90
	-2.49
	100.00
	-12.19

	MEc
	kg1,4-DCB
	7.36x10-2
	98.48
	-1.40
	100.00
	-6.42

	HCT
	kg1,4-DCB
	6.25x10-2
	97.72
	-0.68
	99.14
	-2.80

	HnCT
	kg1,4-DCB
	2.11
	87.08
	-1.18
	99.62
	-5.60

	LU
	m2acrop-eq
	1.59
	89.12
	-1.97
	99.98
	-15.02

	MRS
	kgCu-eq
	2.69x10-3
	99.60
	-1.44
	100.00
	-6.26

	FRS
	kg-oil-eq
	4.48x10-1
	99.88
	-1.53
	100.00
	-7.46

	WC
	m3
	4.56x10-2
	100.00
	-6.33
	100.00
	-30.22
















Table S8 Variability in NNS-based products as a fraction of the formulation with smallest impact in a given impact category. Data shown separately for drinks and yoghurts. Data supports Figure 6 in the main manuscript. Data in brackets are for if the Reb A + thaumatin mix is omitted from the comparison.
	Impact category
	Unit
	Drink
	Yoghurt

	GWP
	kgCO2-eq
	2.82%
	0.27%

	SOD
	kgCFC11-eq
	3.03%
	0.32%

	IR
	kBqCo-60-eq
	2.59%
	0.18%

	OF,HH
	kgNOx-eq
	2.60%
	0.66%

	FPM
	kgPM2.5-eq
	5.54%
	0.33%

	OF,T
	kgNOx-eq
	2.57%
	0.44%

	TA
	kgSO2-eq
	13.57%
	1.89%

	FWEu
	kgP-eq
	8.68%
	1.28%

	MEu
	kgN-eq
	7.69%
	0.20%

	TEc
	kg1,4-DCB
	2.75%
	1.57%

	FWEc
	kg1,4-DCB
	8.75%
	2.02%

	MEc
	kg1,4-DCB
	2.64%
	0.93%

	HCT
	kg1,4-DCB
	3.16%
	0.97%

	HnCT
	kg1,4-DCB
	2.69%
	0.58%

	LU
	m2acrop-eq
	820% (20.5%)
	22.55% (0.6%)

	MRS
	kgCu-eq
	10.49%
	6.00%

	FRS
	kg-oil-eq
	2.84%
	0.98%

	WC
	m3
	5.13%
	2.19%



[bookmark: _Ref124176626]Table S9 Ingredients in yoghurt formulations as a function 1 kg mass of final product for a formulation based upon sugar and dairy from the Ecoinvent database. Data shown for sugar-based (sugar), NNS-based (NNS) and thaumatin-based (SE) yoghurts.
	Ingredients 
	Sugar
	NNS
	Thaumatin

	Milk (fresh) (g)
	465.00
	630.00
	498.00

	Cream (fresh) (g)
	410.00
	320.00
	392.00

	Sugar (g)
	67.50
	-
	54.00

	Spray drying of milk (g)1
	53.29
	46.31
	51.89

	Evaporation of milk (g)1
	50.38
	437.85
	490.61

	Cows’ milk for powder (g)1
	614.40
	533.97
	598.30

	Live active yoghurt cultures (g)
	0.20
	0.20
	0.20

	Reb A + thaumatin (%)
	
	2.00x10-2 + 1.00x10-4
	

	Neotame (%)
	
	2.50x10-4
	

	Sucralose + ace-K (%)
	
	7.00x10-3 + 7.00x10-3
	

	Aspartame (%)
	
	3.38x10-2
	

	Reb A (%)
	
	2.70x10-2
	

	Thaumatin (%)
	
	
	2.70x10-6


1 These three ingredients are mass balanced to account for water removal from cow’s milk to make a powder with 96.5% dry matter content. Evaporation of milk is from 9% solids to 50% solids, and spray drying is from 50% solids to the 96.5% solids of the final powder. The mass is the water removed, and aligns with how the process is used within the ecoinvent database.

Table S10 Environmental impact data for producing 1 kg of drink when results are calculated on a calorie density basis for each formulation. Data supports Figure 7 in the main manuscript.
	Impact category
	Unit
	Sugar
	Thaumatin
	Reb A + thaumatin
	Reb A
	Neotame
	Aspartame
	Sucralose

	GWP
	kgCO2-eq
	2.72x10+1
	2.24x10+1
	6.43
	6.42
	6.36
	6.51
	6.54

	SOD
	kgCFC11-eq
	1.05x10-4
	8.44x10-5
	2.14x10-5
	2.14x10-5
	2.08x10-5
	2.09x10-5
	2.11x10-5

	IR
	kBqCo-60-eq
	1.38
	1.18
	3.87x10-1
	3.86x10-1
	3.84x10-1
	3.89x10-1
	3.94x10-1

	OF,HH
	kgNOx-eq
	8.07x10-2
	6.44x10-2
	1.54x10-2
	1.54x10-2
	1.52x10-2
	1.55x10-2
	1.56x10-2

	FPM
	kgPM2.5-eq
	4.51x10-2
	3.76x10-2
	1.12x10-2
	1.12x10-2
	1.11x10-2
	1.17x10-2
	1.14x10-2

	OF,T
	kgNOx-eq
	7.90x10-2
	6.35x10-2
	1.59x10-2
	1.58x10-2
	1.56x10-2
	1.59x10-2
	1.60x10-2

	TA
	kgSO2-eq
	1.14x10-1
	9.52x10-2
	2.84x10-2
	2.83x10-2
	2.81x10-2
	3.19x10-2
	2.89x10-2

	FWEu
	kgP-eq
	1.04x10-2
	8.70x10-3
	2.66x10-3
	2.66x10-3
	2.62x10-3
	2.68x10-3
	2.85x10-3

	MEu
	kgN-eq
	9.46x10-3
	7.08x10-3
	1.06x10-3
	1.06x10-3
	9.85x10-4
	9.98x10-4
	9.94x10-4

	TEc
	kg1,4-DCB
	1.23x10+2
	1.04x10+2
	3.26x10+1
	3.26x10+1
	3.22x10+1
	3.28x10+1
	3.30x10+1

	FWEc
	kg1,4-DCB
	1.47
	1.20
	3.35x10-1
	3.35x10-1
	3.31x10-1
	3.60x10-1
	3.40x10-1

	MEc
	kg1,4-DCB
	1.60
	1.36
	4.37x10-1
	4.37x10-1
	4.32x10-1
	4.40x10-1
	4.43x10-1

	HCT
	kg1,4-DCB
	1.20
	1.02
	3.37x10-1
	3.37x10-1
	3.33x10-1
	3.38x10-1
	3.43x10-1

	HnCT
	kg1,4-DCB
	2.59x10+1
	2.23x10+1
	7.67
	7.67
	7.58
	7.68
	7.79

	LU
	m2acrop-eq
	6.87
	5.41
	5.17
	6.77x10-1
	5.62x10-1
	5.65x10-1
	5.73x10-1

	MRS
	kgCu-eq
	9.29x10-2
	7.89x10-2
	2.58x10-2
	2.57x10-2
	2.56x10-2
	2.59x10-2
	2.82x10-2

	FRS
	kg-oil-eq
	8.34
	7.00
	2.15
	2.15
	2.14
	2.20
	2.18

	WC
	m3
	1.15
	8.81x10-1
	1.58x10-1
	1.58x10-1
	1.50x10-1
	1.53x10-1
	1.54x10-1














Table S11 Environmental impact data for producing 1 kg of yogurt when results are calculated on a calorie density basis for each formulation. Data supports Figure 8 in the main manuscript.
	Impact category
	Unit
	Sugar
	Thaumatin
	Reb A + thaumatin
	Reb A
	Neotame
	Aspartame
	Sucralose

	GWP
	kgCO2-eq
	3.90
	3.87
	3.74
	3.74
	3.74
	3.75
	3.75

	SOD
	kgCFC11-eq
	1.81x10-5
	1.80x10-5
	1.74x10-5
	1.74x10-5
	1.73x10-5
	1.74x10-5
	1.74x10-5

	IR
	kBqCo-60-eq
	3.56x10-1
	3.55x10-1
	3.51x10-1
	3.51x10-1
	3.51x10-1
	3.51x10-1
	3.51x10-1

	OF,HH
	kgNOx-eq
	5.92x10-3
	5.82x10-3
	5.45x10-3
	5.45x10-3
	5.43x10-3
	5.45x10-3
	5.45x10-3

	FPM
	kgPM2.5-eq
	5.47x10-3
	5.40x10-3
	5.12x10-3
	5.12x10-3
	5.11x10-3
	5.15x10-3
	5.13x10-3

	OF,T
	kgNOx-eq
	6.06x10-3
	5.96x10-3
	5.57x10-3
	5.57x10-3
	5.55x10-3
	5.57x10-3
	5.58x10-3

	TA
	kgSO2-eq
	2.30x10-2
	2.27x10-2
	2.17x10-2
	2.17x10-2
	2.17x10-2
	2.19x10-2
	2.17x10-2

	FWEu
	kgP-eq
	1.46x10-3
	1.45x10-3
	1.40x10-3
	1.40x10-3
	1.40x10-3
	1.40x10-3
	1.41x10-3

	MEu
	kgN-eq
	3.10x10-3
	3.07x10-3
	2.94x10-3
	2.95x10-3
	2.94x10-3
	2.94x10-3
	2.94x10-3

	TEc
	kg1,4-DCB
	8.38
	8.23
	7.62
	7.63
	7.59
	7.63
	7.64

	FWEc
	kg1,4-DCB
	1.11x10-1
	1.09x10-1
	1.02x10-1
	1.02x10-1
	1.02x10-1
	1.04x10-1
	1.02x10-1

	MEc
	kg1,4-DCB
	1.41x10-1
	1.39x10-1
	1.31x10-1
	1.31x10-1
	1.31x10-1
	1.31x10-1
	1.32x10-1

	HCT
	kg1,4-DCB
	1.47x10-1
	1.45x10-1
	1.38x10-1
	1.38x10-1
	1.38x10-1
	1.38x10-1
	1.39x10-1

	HnCT
	kg1,4-DCB
	2.23
	2.19
	2.03
	2.03
	2.02
	2.03
	2.03

	LU
	m2acrop-eq
	1.37x10+1
	1.36x10+1
	1.36x10+1
	1.34x10+1
	1.33x10+1
	1.33x10+1
	1.33x10+1

	MRS
	kgCu-eq
	8.74x10-3
	8.61x10-3
	8.08x10-3
	8.09x10-3
	8.07x10-3
	8.09x10-3
	8.22x10-3

	FRS
	kg-oil-eq
	5.58x10-1
	5.52x10-1
	5.30x10-1
	5.30x10-1
	5.29x10-1
	5.33x10-1
	5.31x10-1

	WC
	m3
	9.59x10-2
	9.34x10-2
	8.38x10-2
	8.40x10-2
	8.33x10-2
	8.35x10-2
	8.35x10-2



Table S12 Environmental impact data for producing 1 kg of yogurt containing either sugar, or NNS&SE using background data from the ecoinvent database for dairy products. Data supports Figure 7 in the main manuscript.
	Impact category
	Unit
	Sugar
	Thaumatin
	Reb A
	Neotame
	Aspartame
	Sucralose
	Reb A+thaumatin

	GWP
	kgCO2-eq
	3.90
	3.87
	3.74
	3.74
	3.75
	3.75
	3.74

	SOD
	kgCFC11-eq
	1.81x10-5
	1.80x10-5
	1.74x10-5
	1.73x10-5
	1.74x10-5
	1.74x10-5
	1.74x10-5

	IR
	kBqCo-60-eq
	3.56x10-1
	3.55x10-1
	3.51x10-1
	3.51x10-1
	3.51x10-1
	3.51x10-1
	3.51x10-1

	OF,HH
	kgNOx-eq
	5.92x10-3
	5.82x10-3
	5.45x10-3
	5.43x10-3
	5.45x10-3
	5.45x10-3
	5.45x10-3

	FPM
	kgPM2.5-eq
	5.47x10-3
	5.40x10-3
	5.12x10-3
	5.11x10-3
	5.15x10-3
	5.13x10-3
	5.12x10-3

	OF,T
	kgNOx-eq
	6.06x10-3
	5.96x10-3
	5.57x10-3
	5.55x10-3
	5.57x10-3
	5.58x10-3
	5.57x10-3

	TA
	kgSO2-eq
	2.30x10-2
	2.27x10-2
	2.17x10-2
	2.17x10-2
	2.19x10-2
	2.17x10-2
	2.17x10-2

	FWEu
	kgP-eq
	1.46x10-3
	1.45x10-3
	1.40x10-3
	1.40x10-3
	1.40x10-3
	1.41x10-3
	1.40x10-3

	MEu
	kgN-eq
	3.10x10-3
	3.07x10-3
	2.95x10-3
	2.94x10-3
	2.94x10-3
	2.94x10-3
	2.94x10-3

	TEc
	kg1,4-DCB
	8.38
	8.23
	7.63
	7.59
	7.63
	7.64
	7.62

	FWEc
	kg1,4-DCB
	1.11x10-1
	1.09x10-1
	1.02x10-1
	1.02x10-1
	1.04x10-1
	1.02x10-1
	1.02x10-1

	MEc
	kg1,4-DCB
	1.41x10-1
	1.39x10-1
	1.31x10-1
	1.31x10-1
	1.31x10-1
	1.32x10-1
	1.31x10-1

	HCT
	kg1,4-DCB
	1.47x10-1
	1.45x10-1
	1.38x10-1
	1.38x10-1
	1.38x10-1
	1.39x10-1
	1.38x10-1

	HnCT
	kg1,4-DCB
	2.23
	2.19
	2.03
	2.02
	2.03
	2.03
	2.03

	LU
	m2acrop-eq
	1.37x10+1
	1.36x10+1
	1.34x10+1
	1.33x10+1
	1.33x10+1
	1.33x10+1
	1.36x10+1

	MRS
	kgCu-eq
	8.74x10-3
	8.61x10-3
	8.09x10-3
	8.07x10-3
	8.09x10-3
	8.22x10-3
	8.08x10-3

	FRS
	kg-oil-eq
	5.58x10-1
	5.52x10-1
	5.30x10-1
	5.29x10-1
	5.33x10-1
	5.31x10-1
	5.30x10-1

	WC
	m3
	9.59x10-2
	9.34x10-2
	8.40x10-2
	8.33x10-2
	8.35x10-2
	8.35x10-2
	8.38x10-2


[bookmark: _Ref124949126]Table S13 Data for environmental impact of milk, cream, and milk powder per 1 kg of each ingredient from the ecoinvent database.
	Impact category (unit)
	Milk
	Cream
	Milk powder
	Sugar

	GWP (kgCO2-eq/kg)
	1.68
	2.75
	18.73
	0.79

	LU (m2acrop-eq/kg)
	8.42
	10.99
	90.35
	1.16

	WC (m3/kg)
	4.15x10-2
	7.32x10-2
	4.48x10-1
	1.41x10-1

	MEu (kgN-eq/kg)
	1.79x10-3
	2.49x10-3
	1.92x10-2
	1.36x10-3



Table S14 Mix of sugars per 1 t sugar on global commodities market used in modelling.
	Sugar source and crop
	Global sugar mix (kg)
	Renormalised cane mix (kg)
	Renormalised beet mix (kg)

	Russia, beet
	48.63
	-
	243.16

	France, beet
	38.86
	-
	194.31

	USA, beet
	32.34
	-
	161.71

	Germany, beet
	31.54
	-
	157.71

	Poland, beet
	15.79
	-
	78.95

	United Kingdom, beet
	7.96
	-
	39.80

	The Netherlands, beet
	7.4
	-
	37.00

	Belgium, beet
	5.61
	-
	28.05

	Spain, beet
	3.01
	-
	15.05

	Denmark, beet
	2.61
	-
	13.05

	Austria, beet
	2.32
	-
	11.60

	Italy, beet
	2.07
	-
	10.35

	Chile, beet
	1.85
	-
	9.25

	Brazil, cane
	411.34
	514.19
	-

	India, cane
	210.54
	263.18
	-

	Thailand, cane
	62.12
	77.65
	-

	Pakistan, cane
	39.08
	48.85
	-

	Mexico, cane
	30.99
	38.74
	-

	Australia, cane
	17.52
	21.90
	-

	USA, cane
	16.95
	21.19
	-

	Egypt, cane
	8.39
	10.49
	-

	Sudan, cane
	3.05
	3.81
	-









Table S15 Percentage contribution of components to impact per 1 kg of the sweetened drinks for GWP, LU, WC and MEu. Impact categories defined in Figure 2 in main manuscript.
	Impact category
	
	Processing & packaging (%)
	Flavorings (%)
	Sugar (%)
	Water (%)
	NNS&SE (%)

	GWP
(kgCO2-eq)
	Sugar
	40.84
	40.55
	18.57
	0.05
	

	
	Thaumatin
	42.41
	42.11
	15.43
	0.05
	3.9x10-3

	
	Reb A +T
	49.58
	49.23
	
	0.06
	1.13

	
	Reb A
	49.67
	49.31
	
	0.06
	0.96

	
	Neotame
	50.13
	49.77
	
	0.06
	0.04

	
	Aspartame
	49.00
	48.65
	
	0.06
	2.28

	
	Sucralose
	48.75
	48.40
	
	0.06
	2.79

	LU
(m2acrop-eq)
	Sugar
	5.04
	23.42
	71.54
	5.0x10-3
	

	
	Thaumatin
	5.49
	25.52
	62.37
	0.01
	6.62

	
	Reb A + T
	1.92
	8.94
	
	2.1x10-3
	89.14

	
	Reb A
	14.68
	68.27
	
	0.02
	17.03

	
	Neotame
	17.69
	82.28
	
	0.02
	0.01

	
	Aspartame
	17.60
	81.85
	
	0.02
	0.53

	
	Sucralose
	17.34
	80.65
	
	0.02
	2.00

	WC
(m3)
	Sugar
	11.53
	30.14
	54.98
	3.35
	

	
	Thaumatin
	12.94
	33.84
	49.39
	3.83
	2.1x10-5

	
	Reb A + T
	24.19
	63.24
	
	7.67
	4.90

	
	Reb A
	24.20
	63.25
	
	7.67
	4.89

	
	Neotame
	25.43
	66.48
	
	8.06
	0.02

	
	Aspartame
	25.02
	65.42
	
	7.93
	1.63

	
	Sucralose
	24.90
	65.09
	
	7.89
	2.13

	MEu
(kgN-eq)
	Sugar
	4.80
	31.44
	63.75
	0.01
	

	
	Thaumatin
	5.51
	36.03
	58.45
	0.01
	6.5x10-4

	
	Reb A + T
	12.30
	80.52
	
	0.03
	7.16

	
	Reb A
	12.31
	80.56
	
	0.03
	7.11

	
	Neotame
	13.25
	86.70
	
	0.03
	0.02

	
	Aspartame
	13.08
	85.59
	
	0.03
	1.30

	
	Sucralose
	13.14
	85.97
	
	0.03
	0.86











Table S16 Percentage contribution of components to impact for 1 kg of sweetened yoghurt for GWP, LU, WC and MEu. Impact categories defined in Figure 2 in main manuscript.
	Impact category
	
	Processing & packaging (%)
	Milk (%)
	Cream (%)
	Milk powder (%)
	Sugar (%)
	NNS&SE (%)

	GWP
(kgCO2-eq)
	Sugar
	21.0
	13.3
	49.5
	14.0
	2.3
	

	
	Thaumatin
	21.4
	14.5
	48.3
	13.9
	1.9
	4.8x10-4

	
	Reb A & T
	23.3
	20.0
	43.0
	13.5
	
	0.1

	
	Reb A
	23.3
	20.0
	43.0
	13.5
	
	0.1

	
	Neotame
	23.4
	20.0
	43.1
	13.5
	
	2.9x10-3

	
	Aspartame
	23.3
	20.0
	43.0
	13.5
	
	0.3

	
	Sucralose
	23.3
	20.0
	42.9
	13.5
	
	0.3

	LU
(m2acrop-eq)
	Sugar
	1.2
	16.3
	60.9
	15.7
	5.9
	

	
	Thaumatin
	1.3
	17.9
	59.8
	15.7
	4.9
	0.5

	
	Reb A & T
	1.2
	21.4
	45.9
	13.2
	
	18.4

	
	Reb A
	1.4
	26.0
	55.8
	16.0
	
	0.8

	
	Neotame
	1.4
	26.2
	56.3
	16.1
	
	2.0x10-4

	
	Aspartame
	1.4
	26.2
	56.2
	16.1
	
	1.5x10-2

	
	Sucralose
	1.4
	26.2
	56.2
	16.1
	
	4.7x10-2

	WC
(m3)
	Sugar
	25.1
	8.4
	31.5
	8.4
	26.6
	

	
	Thaumatin
	26.8
	9.7
	32.2
	8.7
	22.7
	1.5x10-2

	
	Reb A & T
	36.1
	16.5
	35.4
	10.5
	
	1.6

	
	Reb A
	35.9
	16.4
	35.2
	10.4
	
	2.1

	
	Neotame
	36.6
	16.7
	36.0
	10.6
	
	4.4x10-3

	
	Aspartame
	36.5
	16.6
	35.8
	10.6
	
	0.5

	
	Sucralose
	36.4
	16.6
	35.8
	10.6
	
	0.6

	MEu
(kgN-eq)
	Sugar
	1.4
	16.8
	62.7
	16.1
	3.0
	

	
	Thaumatin
	1.4
	18.5
	61.5
	16.1
	2.5
	2.7x10-5

	
	Reb A & T
	1.6
	26.1
	56.1
	16.1
	
	0.1

	
	Reb A
	1.6
	26.1
	56.1
	16.1
	
	0.2

	
	Neotame
	1.6
	26.1
	56.2
	16.1
	
	2.1x10-4

	
	Aspartame
	1.6
	26.1
	56.2
	16.1
	
	2.6x10-2

	
	Sucralose
	1.6
	26.1
	56.2
	16.1
	
	1.4x10-2






	Impact category
	Unit
	Sugar cane only
	Sugar beet only
	Thaumatin cane only
	Thaumatin beet only
	Reb A+thaumatin
	Reb A
	Neotame
	Aspartame
	Sucralose

	GWP
	kg CO2 eq
	6.21x10-1
	5.91x10-1
	5.97x10-1
	5.73x10-1
	5.07x10-1
	5.06x10-1
	5.01x10-1
	5.13x10-1
	5.15x10-1

	SOD
	kg CFC11 eq
	2.34x10-6
	2.51x10-6
	2.20x10-6
	2.33x10-6
	1.69x10-6
	1.69x10-6
	1.64x10-6
	1.64x10-6
	1.66x10-6

	IR
	kBq Co-60 eq
	3.10x10-2
	3.23x10-2
	3.09x10-2
	3.19x10-2
	3.04x10-2
	3.04x10-2
	3.02x10-2
	3.07x10-2
	3.10x10-2

	OF,HH
	kg NOx eq
	1.91x10-3
	1.48x10-3
	1.77x10-3
	1.42x10-3
	1.22x10-3
	1.21x10-3
	1.20x10-3
	1.22x10-3
	1.23x10-3

	FPM
	kg PM2.5 eq
	1.03x10-3
	9.98x10-4
	9.96x10-4
	9.74x10-4
	8.85x10-4
	8.84x10-4
	8.76x10-4
	9.25x10-4
	9.01x10-4

	OF,T
	kg NOx eq
	1.84x10-3
	1.58x10-3
	1.72x10-3
	1.51x10-3
	1.25x10-3
	1.24x10-3
	1.23x10-3
	1.25x10-3
	1.26x10-3

	TA
	kg SO2 eq
	2.61x10-3
	2.51x10-3
	2.53x10-3
	2.45x10-3
	2.23x10-3
	2.23x10-3
	2.21x10-3
	2.51x10-3
	2.27x10-3

	FWEu
	kg P eq
	2.33x10-4
	2.47x10-4
	2.27x10-4
	2.39x10-4
	2.10x10-4
	2.09x10-4
	2.06x10-4
	2.11x10-4
	2.24x10-4

	MEu
	kg N eq
	2.03x10-4
	2.60x10-4
	1.78x10-4
	2.23x10-4
	8.35x10-5
	8.35x10-5
	7.76x10-5
	7.86x10-5
	7.82x10-5

	TEc
	kg 1,4-DCB
	2.76
	2.86
	2.72
	2.79
	2.57
	2.57
	2.53
	2.58
	2.60

	FWEc
	kg 1,4-DCB
	3.27x10-2
	3.52x10-2
	3.14x10-2
	3.34x10-2
	2.64x10-2
	2.64x10-2
	2.61x10-2
	2.84x10-2
	2.68x10-2

	MEc
	kg 1,4-DCB
	3.61x10-2
	3.70x10-2
	3.57x10-2
	3.64x10-2
	3.44x10-2
	3.44x10-2
	3.40x10-2
	3.46x10-2
	3.49x10-2

	HCT
	kg 1,4-DCB
	2.70x10-2
	2.72x10-2
	2.69x10-2
	2.70x10-2
	2.66x10-2
	2.65x10-2
	2.62x10-2
	2.66x10-2
	2.70x10-2

	HnCT
	kg 1,4-DCB
	5.72x10-1
	6.38x10-1
	5.77x10-1
	6.30x10-1
	6.04x10-1
	6.04x10-1
	5.97x10-1
	6.05x10-1
	6.13x10-1

	LU
	m2a crop eq
	1.60x10-1
	1.36x10-1
	1.47x10-1
	1.27x10-1
	4.07x10-1
	5.33x10-2
	4.42x10-2
	4.45x10-2
	4.51x10-2

	MRS
	kg Cu eq
	2.10x10-3
	2.12x10-3
	2.08x10-3
	2.10x10-3
	2.03x10-3
	2.03x10-3
	2.01x10-3
	2.04x10-3
	2.22x10-3

	FRS
	kg oil eq
	1.88x10-1
	1.90x10-1
	1.84x10-1
	1.86x10-1
	1.70x10-1
	1.69x10-1
	1.68x10-1
	1.73x10-1
	1.72x10-1

	WC
	m3
	2.87x10-2
	1.57x10-2
	2.53x10-2
	1.49x10-2
	1.24x10-2
	1.24x10-2
	1.18x10-2
	1.20x10-2
	1.21x10-2


Table S17 Environmental impact of 1 kg drink with comparison given to sugar-based formulation using either cane or beet sugar. Colour code: amber shows worse environmental impact, but unchanged from baseline results; red shows impact is now worse but was better before; green that impact is now better, but worse before; white shows no change. Note: Impact for NNS-based drinks is the same as for Table 5 in the main manuscript.




Table S18 Environmental impact of 1 kg yoghurt with comparison given to sugar-based formulation using either cane or beet sugar. Colour code: amber shows worse environmental impact, but unchanged from baseline results; red shows impact is now worse but was better before; green that impact is now better, but worse before; white shows no change. Note: Impact for NNS-based drinks is the same as for Table 5 in the main manuscript.
	Impact category
	Unit
	Sugar cane only
	Sugar beet only
	Thaumatin cane only
	Thaumatin beet only
	Reb A+thaumatin
	Reb A
	Neotame
	Aspartame
	Sucralose

	GWP
	kg CO2 eq
	4.15
	4.13
	4.07
	4.05
	3.73
	3.73
	3.72
	3.73
	3.73

	SOD
	kg CFC11 eq
	1.97x10-5
	1.98x10-5
	1.92x10-5
	1.93x10-5
	1.72x10-5
	1.73x10-5
	1.72x10-5
	1.72x10-5
	1.72x10-5

	IR
	kBq Co-60 eq
	3.15x10-1
	3.16x10-1
	3.15x10-1
	3.16x10-1
	3.13x10-1
	3.13x10-1
	3.13x10-1
	3.13x10-1
	3.13x10-1

	OF,HH
	kg NOx eq
	4.16x10-3
	3.79x10-3
	3.99x10-3
	3.70x10-3
	3.34x10-3
	3.34x10-3
	3.33x10-3
	3.34x10-3
	3.35x10-3

	FPM
	kg PM2.5 eq
	1.39x10-2
	1.39x10-2
	1.36x10-2
	1.36x10-2
	1.25x10-2
	1.25x10-2
	1.25x10-2
	1.25x10-2
	1.25x10-2

	OF,T
	kg NOx eq
	6.02x10-3
	5.80x10-3
	5.83x10-3
	5.65x10-3
	5.09x10-3
	5.09x10-3
	5.07x10-3
	5.09x10-3
	5.09x10-3

	TA
	kg SO2 eq
	1.52x10-2
	1.51x10-2
	1.48x10-2
	1.48x10-2
	1.36x10-2
	1.36x10-2
	1.36x10-2
	1.38x10-2
	1.36x10-2

	FWEu
	kg P eq
	1.05x10-3
	1.06x10-3
	1.04x10‑3
	1.05x10-3
	9.87x10-4
	9.88x10-4
	9.85x10-4
	9.88x10-4
	9.97x10-4

	MEu
	kg N eq
	3.81x10-3
	3.86x10-3
	3.71x10-3
	3.75x10-3
	3.33x10-3
	3.33x10-3
	3.32x10-3
	3.33x10-3
	3.33x10-3

	TEc
	kg 1,4-DCB
	3.54
	3.62
	3.45
	3.51
	3.14
	3.15
	3.11
	3.15
	3.16

	FWEc
	kg 1,4-DCB
	1.10x10-1
	1.12x10-1
	1.07x10-1
	1.09x10-1
	9.66x10-2
	9.66x10-2
	9.63x10-2
	9.82x10-2
	9.68x10-2

	MEc
	kg 1,4-DCB
	7.35x10-2
	7.42x10-2
	7.25x10-2
	7.31x10-2
	6.89x10-2
	6.90x10-2
	6.85x10-2
	6.90x10-2
	6.91x10-2

	HCT
	kg 1,4-DCB
	6.25x10-2
	6.26x10-2
	6.20x10-2
	6.21x10-2
	6.07x10-2
	6.07x10-2
	6.03x10-2
	6.07x10-2
	6.09x10-2

	HnCT
	kg 1,4-DCB
	2.10
	2.16
	2.08
	2.12
	1.99
	2.00
	1.99
	2.00
	2.00

	LU
	m2a crop eq
	1.59
	1.57
	1.55
	1.53
	1.64
	1.35
	1.34
	1.34
	1.34

	MRS
	kg Cu eq
	2.68x10-3
	2.70x10-3
	2.65x10-3
	2.66x10-3
	2.52x10-3
	2.52x10-3
	2.50x10-3
	2.53x10-3
	2.65x10-3

	FRS
	kg oil eq
	4.48x10-1
	4.50x10-1
	4.41x10-1
	4.43x10-1
	4.15x10-1
	4.15x10-1
	4.14x10-1
	4.18x10-1
	4.16x10-1

	WC
	m3
	4.78x10-2
	3.68x10-2
	4.45x10-2
	3.57x10-2
	3.17x10-2
	3.19x10-2
	3.12x10-2
	3.14x10-2
	3.14x10-2



3. Sensory studies supporting development of NNS&SE based formulations
In order to develop sugar-based and NNS&SE-based formulations which were as similar as possible, consumer trials were conducted to compare different versions. The following description is written with a focus on yoghurt development.
Overall liking was assessed with a 9-point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, 9 = like extremely). Following the hedonic test, a JAR test (Just About Right test) with a 5-point scale (1 = not nearly enough, 3 = just about right, 5 = too much) was used to evaluate different sensory attributes: colour, hardness, general aroma intensity, sweetness and compactness.
[bookmark: _Ref74130549][bookmark: _Toc70933817]Overall liking scores were aggregated into 3 classes: dislike (ratings from 1 to 4), neither like nor dislike (score = 5) and like (ratings between 6 and 9). Mean liking scores and standard deviation were calculated for each recipe. Similarly, JAR ratings were aggregated into the following groups: not enough (ratings 1 and 2), just about right (rating 3) and too much (ratings 4 and 5).
For yoghurt, the JAR test results for control (sugar) showed that each attribute was JAR for the majority of panellists (60%), except for sweetness which was JAR for 40% of panellists. Results show that the control was closest to the ideal yoghurt. In these sensory tests, Reb A + thaumatin seemed to be a good alternative to the control yoghurt.
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