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1	Simulation of price changes 

Table S1 - Functional units, system boundary and methodological specificities of the  original studies used for the simulation

	
	Bimpeh et al. 2006
	Fantin et al. 2012
	Prudêncio da Silva et al. 2014
	Bio intelligence service – Ademe 2006
	Cavalett et al. 2012
	Volkswagen AG 2010

	
Functional unit of the original study (adjusted when neces-sary)
	
1 kg of industrial white bread produced in Sweden, ready for consumption at home
	
1 liter of high quality milk in a Tetra Top® package produced in Italy
	
1 ton of cooled and packaged chicken produced in the Centre-West of Brazil, ready for distribution at the slaughterhouse gate (in Table 1, emissions are divided by 1000 to get a unit of 1 kg)
	
Wearing a pair of jeans, produced in Tunisia and sold in France, for a day (in accordance with Section 4.1.2 Consistency regarding counting emissions, emissions associated with the using phase of the jeans, i.e. 96 washing and ironing in six years, have been not accounted [see Bio intelligence service 2006, 13-14, 17 and 45])
	
1 MJ of gasoline E25 (blend of 75% gasoline and 25% anhydrous ethanol) pro-duced, distributed and used in Brazil as liquid fuel for transportation (in Table 1, emissions are multiplied by 34,2, the conversion factor from MJ to 1 liter of automotive gasoline [Berkeley 2017]. In accordance with Section 4.1.2 Consistency regarding counting emissions, emis-sions associated with the using phase of gasoline have been halved. Given the lack of specific data about the use phase in Cavalett et al., we substracted the same quantities [per liter of gasoline] as those mentioned for the use phase of the car [Volkswagen AG 2010].)
	
Transport of passengers (5-seater) in a Golf 1.6 MPI (75kw) over a total distance of 150 000 km in the New European Driving Cycle (in accordance with Section 4.1.2 Con-sistency regard-ing counting emissions, emissions asso-ciated with the using phase of the car have been halved on the basis on the data provided by the study [Volkswagen AG 2010, 16, 22])

	System bound-ary: general type (refer-ence for further details)
	
Cradle to gate

(Bimpeh et al. 2006, 4, 6)
	
Cradle to gate

(Fantin et al. 2012, 152)
	
Cradle to gate

(Prudêncio da Silva et al. 2014, 223)
	
Cradle to grave

(BIO intelligence service – Ademe 2006, 14)
	
Cradle to grave

(Cavalett et al. 2012, 649)
	
Cradle to grave

(Volkswagen AG 2010, 12)

	CML version used
	
CML (2000)
	
CML (2000)
	CML-IA (PRé Consultants 2007)
	
CML (2000)
	
CML (2000)
	
CML (2000)

	Catego-ries not taken into account in the simulation (reason of the exclu-sion)
	X
	X
	Cum. energ. dem., Prim. energ. cons., Solid waste (do not belong to the list provided by Guinée et al. 2002); 
Land occup. (no simple normalization factors in Guinée et al. 2002)
	Cum. energ. dem., Prim. energ.. cons., Solid waste (do not belong to the list provided by Guinée et al. 2002); Water cons., Freshwat. sed. ecotox. (no simple normalization factors in Guinée et al. 2002)
	X
	X






1.1	Current prices and VAT rates used in the simulation


The current product prices (in US $) are those indicated by Numbeo (2017) (database providing information about cost of living worldwide) at the date when the website was consulted (on 21.05.2017). The current rates of VAT (or equivalent tax) are those reported by KPMG (2017), TAXUD (2017) and VATLive (2017).



1.2	Calculation details


The six studies listed above use the characterization factors of the CML method (Guinée et al. 2002). In Table 1 we normalized the characterized results of the six studies by relating them to the reference system of the annual per-capita emissions attributable to the average world citizen for year 1995 proposed in Guinée et al. (2002). The normalized result for each category m is given by the formula:





												          (1)







					




Table S2 - Characterized values (columns 1 to 6) and Normalization factors (column 7) used to calculate Normalized quantities in Table 1



	
	[1]

1 kg of industrial white bread produced and bought in Sweden
	[2]

1 liter of milk produced and bought in Italy
	[3]

1 kg of  cooled and  packaged   chicken  produced  and bought  in Brazil
	[4]

1 pair of jeans produced in Tunisia, bought and used in France
	[5]

1 liter of gasoline produced, bought and used in Brazil 
	[6]

1 Golf V 1.6 MPI car produced, bought and used in Europe
	[7]

Normalization factors with the annual per-capita extent of the baseline impact categories (kg.yr‑1.cap-1)

	
	(Bimpeh et al. 2006)
	(Fantin et al. 2012)
	(Prudêncio da Silva et al. 2014)
	(Bio intelligence service – Ademe 2006)
	(Cavalett et al. 2012)
	(Volkswagen AG 2010)
	CML 2002 (average world citizen for year 1995, Guinée et al. 2002, 387)

	Climate change (kg CO2 eq.)
	-5.60E-01
	1.50E+00
	2.75E+00
	2.65E-02
	1.43E-01
	1.23E+04
	6.83E+03

	Stratospheric ozone depletion (kg CFC-11 eq.)
	4.14E-08
	6.70E-08
	n.a.
	3.05E-09
	 3.28E-07
	5.30E-04
	9.11E-02

	Human Toxicity (kg 1,4 DCB eq.)
	3.74E-01
	n.a.
	n.a.
	1.23E-02
	2.72E-01
	n.a.
	8.80E+03

	Acidification (kg SO2 eq.)
	4.98E-03
	9.90E-03
	4.18E-02
	9.60E-05
	6.50E-03
	6.35E+01
	5.29E+01

	Eutrophication (kg PO43- eq.)
	4.21E-03
	7.20E-03
	1.99E-02
	2.49E-05
	1.17E-03
	3.97E+00
	2.28E+01

	Photo-oxidant formation (kg C2H4 eq.)
	n.a.
	2.70E-04
	n.a.
	8.26E-05
	 5.98E-04
	9.33E+00
	8.04E+00

	Depletion of abiotic resources (kg Sb eq.)
	n.a.
	n.a.
	n.a.
	2.05E-04
	1.52E-02
	n.a.
	2.77E+01

	Marine ecotoxicity (kg 1,4 DCB eq.)
	n.a.
	n.a.
	n.a.
	n.a.
	2.21E+02
	n.a.
	9.05E+04

	Freshwater aquatic ecotoxicity (kg 1,4 DCB eq.)
	n.a.
	n.a.
	n.a.
	4.69E-02
	 6.49E-02
	n.a.
	3.59E+02

	Terrestrial ecotoxicity (kg 1,4 DCB eq.)
	n.a.
	n.a.
	9.16E-03
	1.69E-04
	 1.90E-03
	n.a.
	4.74E+01






2	Assessment of Fp as compared with other indicators


2.1	Price of reference substances

In Table 1 the elements of the tax GDTx,m, i.e. applied to a product x and associated with an impact category m, are calculated as follows:

	

											(2)								

where: 

Cvxm = Characterization result obtained for the product x for each impact category m (kg ref subst eq).

Fp = Pricing Factor fixing the actual amount of the tax (in currency c, here US $) on x. Fp here fixed at 100 US $.

Fca = Currency Area adjustment Factor (dimensionless). Fca here equals 1.

Wm = Weighting factor for each impact category m cancelling the dimensions of the normalized results, as the environmental single score Ix is dimensionless. Wm here equals 1 yr-1.cap-1 for each category m. 

Nfm = Normalization factor for each impact category m related to the average world citizen for year 1995 (Guinée et al. 2002, 387) (in kg ref subst eq.yr-1.cap-1).   


To determine the prices Pm per kg of the reference substances for the impact categories m mentioned in Table 1, Cvxm is set equal to 1 kg ref subst eq. The resulting calculation formula is: 



												(3)


For example, the price (in US $) of one ton of CO2eq is obtained as follows: 














Table S3 - Prices per kg of the ref. subst. mentioned in Table 1 when Fp = 100 US $, Wm = 1 for all m, Fca = 1, and comparison with the prices[footnoteRef:1] given by Stepwise 2006 (Weidema 2009, Thi et al. 2016)[footnoteRef:2] and Ecotax 2002 (Finnveden et al. 2006)[footnoteRef:3] [1:  Market exchange rates used to convert Stepwise and Ecotax results into US $: 1.1 US$/Eur and 0.1 US$/Sek.]  [2:  In Stepwise2006 the monetary values are derived from a budget constraint, i.e. the maximum that an average person can pay for an additional life year, estimated at 74 000 EUR. Characterization factors used to convert Stepwise results into CML2000 reference substances: 0.0057 kgC2H3Cl/kg1,4DB (air); 19 m2UES/ kgSO2; 12 kgNO3/kgPO4/; 1525 m2.ppm.h/kgC2H2 (Pizzol et al. 2015); 4.81E-04 kgSb/MJ (Guinée et al. 2002) ; 2.05E-05 TegWat (freshwater)/kg1,4DB; (197/2.46) TegSoil/kg1,4DB (Owsianiak et al. 2014). ]  [3:  The geographical scope of Ecotax 2002 is limited to Swedish conditions. The impact categories Photo-oxidant formation, Abiotic resources, Marine aquatic ecotoxicity and Fresh water aquatic ecotoxicity include minimum and maximum weighting factors. Characterization factor used to convert Abiotic resources result in Ecotax into CML2000 reference substance: 4.81E-04 kgSb/MJ (Guinée et al. 2002).] 



	Kg of reference substance in impact category
	Normalization factors Nf
	Price in US $ per kg of reference substance when 
Fp = 100 US$
	Price in US $ per kg of reference substance in 
Stepwise 2006
	Price in US $ per kg of reference substance in 
Ecotax 2002

	Kg CO2 eq. in Climate change
	6.83E+03
	0.015
	0.091
	0.063

	Kg CFC-11 eq. in Stratospheric ozone depletion 
	9.11E-02
	1097.69
	110
	120

	Kg 1,4 DCB eq. in Human toxicity
	8.80E+03
	0.011
	0.0017
	0.15

	kg SO2 eq. in Acidification
	5.29E+01
	1.89
	0.16
	1.8

	kg PO43- eq. in Eutrophication
	2.28E+01
	4.38
	1.32
	2.86

	kg C2H4 eq. in Photo-oxidant formation
	8.04E+00
	12.44
	0.62
	4.8 (min)

48 (max)

	kg Sb eq. in depletion of abiotic resources 
	2.77E+01
	3.61
	9.15
	0 (min)

31.18 (max)

	kg 1,4 DCB eq. in Marine Ecotoxicity
	9.05E+04
	0.0011
	-
	0.0000013 (min)

0.061 (max)

	kg 1,4 DCB eq. in Freshwater aquatic ecotoxicity
	3.59E+02
	0.28
	0.38
	6.086 (min)

12.437 (max)

	kg 1,4 DCB eq. in Terrestrial ecotoxicity
	4.74E+01
	2.11
	0.097
	17.65





Table S4 - Comparison between the elements of the price of GDT (in US $) derived from three weighting schemes:

A: Norm. fact. of aver. world citiz. 1995 (Guinée et al. 2002), Weight. fact.=1 for each impact cat.; Fp = 100 US$
	
	1 kg of industrial white bread produced and bought  in Sweden
	1 liter of milk produced and bought in Italy
	1 kg of cooled and packaged chicken produced and bought in the Center-West of Brazil
	1 pair of jeans produced in Tunisia, bought and used in France
	1 liter of gasoline produced, bought and used in Brazil
	1 Golf V 1.6 MPI car produced, bought and used in Europe

	
	(Bimpeh et al. 2006)
	(Fantin et al. 2012)
	(Prudêncio da Silva et al. 2014)
	(BIO Intellig. Service Ademe 2006)
	(Cavalett et al., 2012)
	(Volkswagen AG 2010)

	Weighting 
schemes
	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C

	Climate change
(kg CO2 eq. 
yr-1.cap-1)
	-0.0082
	-0.051
	
-0.035

	0.022
	0.14
	
0.094

	0.04
	
0.25

	0.17
	
0.0004

	
0.0000004

	0.0000002
	
0.002

	
0.013

	0.009
	
179.94

	
1122.08

	774.27

	Ozone 
depletion 
(kg CFC11 eq. yr-1.cap-1)
	0.000045
	0.0000046
	
0.000005

	0.000073
	0.0000074
	
0.000008

	n.a.
	
0.000003

	
0.000004

	0.000004
	
0.00036

	
0.000036

	0.000039
	
0.58

	
0.058

	0.064

	Human 
toxicity 
(kg 1,4-DCB eq. yr-1.cap-1)
	0.0042
	0.00063
	
0.056

	n.a.
	n.a.
	0.0001
	
0

	0.0000002
	
0.0031

	
0.00046

	0.04
	n.a.

	Acidification 
(kg SO2 eq.
yr-1.cap-1)
	0.0094
	0.0008
	
0.009

	0.019
	0.0016
	
0.018

	0.08
	
0.0067

	0.075
	0.0002
	
0.0000003

	0.000003
	
0.012

	
0.001

	0.012
	
120.07

	
10.22

	114.34

	Eutrophication 
(kg PO43- eq. 
yr-1.cap-1)
	0.018
	0.0055
	0.012
	0.032
	0.0095
	
0.02

	0.087
	
0.026

	0.057
	0.0001
	
0.00001

	0.000003
	
0.0051

	
0.0015

	0.0033
	
17.41

	
5.24

	11.34

	Photo-oxidant formation 
(kg C2H4 eq. 
yr-1.cap-1)
	n.a.
	0.0034
	0.00017
	0.0013
(min)

0.013
(max)
	n.a.
	
0.001

	

0.000006


	0
(min)

0.0005
(max)
	
0.0074

	
0.00037

	0.0029
(min)

0.029
(max)
	116.04
	5.79
	44.78
(min)

447.84
(max)

	Dpl. abiotic resources
(kg Sb eq. 
yr-1.cap-1)
	n.a.
	n.a.
	n.a.
	0.0007
	
 0.00007

	0
(min)

0.0002
(max)
	
0.055

	
0.14

	0
(min)

0.47
(max)
	n.a.

	Mar.  aqu. ecotoxicity 
(kg 1,4- DCB eq. yr-1.cap-1)
	n.a.
	n.a.
	n.a.
	n.a.
	
0.24

	n.a.
	0.00029
(min)

13.41
(max)
	n.a.

	Fresh. aqu. ecotoxicity 
(kg 1,4- DCB eq. yr-1.cap-1)
	n.a.
	n.a.
	n.a.
	
0.01

	
0.00005

	   0.0008
(min)

0.002
(max)
	
0.019

	0.026
	0.42
(min)

0.86
(max)
	n.a.

	Terrestrial ecotoxicity 
(kg 1,4- DCB eq. yr-1.cap-1)
	n.a.
	n.a.
	0.019
	0.00089
	0.16
	0.004
	0.0000003
	0.00003
	
0.004

	0.00018
	0.034
	n.a.

	
Total GDT[footnoteRef:4] [4:  The minimum (resp. maximum) results of Ecotax 2002 include all the minimum (resp. maximum) values in the relevant impact categories.] 


	0.02
	-0.04
	0.04
	0.08
	0.15
	0.13
(min)

0.15
(max)
	0.23
	0.28
	0.47
	0.02
	0.0001
	0.0009
(min)

0.002
(max)
	0.35
	0.18
	0.57
(min)

14.87
(max)
	434.06
	1143.39
	944.80
(min)

1347.85
(max)

	
Current price 
VAT incl.  

	              4.66 
(VAT 12% incl.)
	
1.32
(VAT 10% incl.)
	
3.62 
(VAT 12% incl.)
	
91.51 
(VAT 20% incl.)
	
1.14 
(VAT 30% incl.)
	
22400.83
(VAT 19% incl.)

	Adjusted price4
(RVAT 3%+ GDT incl.)
	4.31
	4.24
	4.33
	1.31
	1.38
	1.37
(min)

1.38
(max)
	3.55
	3.61
	3.80
	78.56
	78.55
	78.55
(min)

78.55
(max)
	1.26
	1.08
	1.43
(min)

15.78
(max)
	19823.01
	20532.34
	20333.75 (min)

20736.81
(max)

	Ratio 
Adjusted price/Current price VAT incl.4 
	0.92
	0.91
	0.93
	0.99
	1.05
	1.04
(min)

1.05
(max)
	0.98
	1.00
	1.05
	0.86
	0.86
	0.86
(min)

0.86
(max)
	1.10
	0.95
	1.25
(min)

13.84
(max)
	0.88
	0.92
	0.98
(min)

0.93
(max)


B : Stepwise 2006 (Weidema 2009)
C : Ecotax 2002 (Finnveden et al. 2006)



2.2	“Cost” of one DALY

As indicated by its authors, “ReCiPe 2008 has been designed primarily as an attempt to align the CML 2002 method midpoint and the Eco-indicator 99 systems” (Goedkoop et al. 2009, 16). ReCiPe proposes to calculate the fractions of DALY associated with one kg of ref. subst. eq. with the following formula:

DALYs (yr) = Cvm . Qm 									   (4) 

Where:

Cvm = Characterized values (in kg ref. subst. eq.)

Qm = ReCiPe quantitative connections (in yr . kg-1) between midpoint and endpoint categories for the midpoint categories m related to “human health” (in DALY, or yr).

To determine the “cost” Cd (in US $) of one DALY (in yr) (sum of the “costs for health” divided by the sum of the “disability-adjusted life years”) in the framework of our simulation, the normalized results Nzm are set equals to 1 yr . cap. per kg of ref. subst. eq. Then, applying the formulae (1), (3) and (4) yields the following relation: 






The midpoint categories m (numbered from m=1 to m=4) considered here are those related to “human health” in the “hierarchist perspective” (Goedkoop et al. 2009, 16-19) and for which the CML method provides normalization factors with annual per-capita extent (which excludes the Ionising radiation category). The ReCiPe quantitative connections Qm (in yr . kg‑1) between those midpoint categories (in kg ref. subst. eq.) and their corresponding endpoint (in DALY, or yr) are: 


1. Climate change (CO2):  1.40E-06
2. Stratospheric ozone depletion (CFC-11): 1.76E-03
3. Human toxicity (1,4 DCB): 7.00E-07
4. Photo-oxidant formation (NMVOC): 3.90E-08


For Ozone layer depletion, ReCiPe proposes not a single mid to endpoint characterization factor but different factors for different subgroups of ozone depleting substances. Here we only retain the factor for CFCs.

For Photo-oxidant formation (POF), the reference substance in ReCiPe is not C2H4 as in CML (2000) but Non Methane Volatile Organic Carbon Compound (NMVOC). The price per kg of C2H4 and the normalization factor for POF are therefore divided by 35.71 (PE International Sustainability Performance 2014).

Calculation details:

Sum of the “costs” associated with human health per kg of ref. subst. eq. (in US $ . kg-1):




Sum of the corresponding “disability-adjusted life years” per kg of ref. subst. eq. (in DALY. kg-1):





Cost of one DALY:
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