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1. Input Data for Calculations

Table S1. Description of parameters. DALY=disability-adjusted life years and DRC=the Democratic Republic of the Congo.

Parameter [unit]

Description

System boundary 1: Lives saved in the use phase (DAL Yause save)

R[-] Expected accident reduction rate if studded tires are used instead of non-studded winter tires

Nuce [accidents/year] Number of accidents that an average passenger car with non-studded winter tires is involved in during winter
Nace tot [-] Total number of accidents with passenger cars using non-studded winter tires during winter

Niotear [-] Total number of registered passenger cars

Scur non-studded [-]

Share of passenger cars with non-studded winter tires during winter

Ltire [year]

Lifetime of studded tires

DALY racc [year/accident]

Number of DALY per passenger car accident

Nfutul car acc [']

Annual number of persons who lost their lives in fatal passenger car accidents

LEX5sa [year]

Life expectancy in Scandinavia

Laeath [year]

Age of the person at death in a fatal passenger car accident

NSL’Z}L’?L’ car acc [_]

Annual number of persons who got severely injured in passenger car accidents

DV\/SL’UL’?L’ [_]

Disability weight for a severe injury

Lsevere [year] Length of disability for a severe injury
Ntight car ace [-] Annual number of persons who got slightly injured in passenger car accidents
DWeiight [-] Disability weight for a slight injury
Lsiight [year] Length of disability for a slight injur
Y ) Y ght mjury

Ntot car acc [']

Annual total number of passenger car accidents (i.e. fatal, severe and slight passenger car accidents)




Parameter [unit]

Description

System boundary 1: Particle emissions in the use phase (DALYuscem)

CFpm10 pacy [year/kg PMuo to air]

Endpoint characterization factor converting emissions of PMio to DALY

Mroad particles [kg PMuo to air]

Amount of road particles worn from the road by the tire studs in a studded passenger car

Er [kg PMuo to air /vehicle km]

Emission factor of PMu from a studded passenger car

Loeh km car [Vehicle km/year]

Average number of vehicle km that a studded passenger car drives per year

Lovel kom tot car [VehiCle km/year]

Total number of vehicle km driven by the total number of registered passenger cars

Sveh km winter [-]

Share of the Lt km tot car that were driven during winter

Ntﬂt car [_]

Total number of registered passenger cars

Liire [year]

Lifetime of studded tires

System boundary 2: Production system emissions (DAL Yprod em)

CFi[e.g. DALY/kg COz eq]

Endpoint characterization factor for midpoint impact category i

li[e.g. kg CO2eq]

Life cycle contribution to midpoint impact category i

System boundary 2: Production system accidents (DALYprod acc)

mn[e.g. kg output]

Physical data associated with industrial activity n

WE-CF: [e.g. DALY/kg output]

Work environment characterization factor for industrial activity n

WE-CFe, [DALY/kg]

Work environment characterization factor for artisanal cobalt mining

DALYmHmfaml acc [year]

Number of DALY lost annually in fatal accidents in the DRC due to cobalt mining

Nmmers [-]

Numbers of miners involved in cobalt mining in the DRC

Sfaml acc [-]

Share of miners involved in cobalt mining in the DRC that are subject to fatal accidents

LEXbrc [year]

Life expectancy in the DRC

L [year]

Age of miners at death caused by a fatal accident

DALY miner ace [year]

Number of DALY lost annually in non-fatal accidents in the DRC due to cobalt mining

NﬂL‘L‘ per person [_]

Number of accidents per miner per year




Parameter [unit]

Description

Succ/ fracture [-]

Share of mining accidents that are of injury type; fracture

Dmecture [-]

Disability weight for injury type; fracture

Lfmcture [year]

The time that a person spends with an injury of type; fracture, until recovery or death

Succ/ wound [-]

Share of mining accidents that are of injury type; wound

DWwol,md [-]

Disability weight for injury type; wound

Lwound [year]

The time that a person spends with an injury of type; wound, until recovery or death

mcopre [kg]

Amount of cobalt mined in the DRC per year

System boundary 3: Conflict (DALY.contict)

MCo [kg]

Mass of cobalt mined in the DRC for one studded passenger car

Cchzﬂict/ Co [year/kg]

Number of years lost per cobalt mined

N; [-]

Number of premature direct deaths in the DRC due to the conflict in time period j

LEX; [year]

National life expectancy in the DRC in time period j

Lj [year] Average age at death in time period j
Pi;j [USD/ton] Average global market price for conflict mineral 7 in time period j
mij [kg] Production in the DRC of conflict mineral i in time period j




Table S2. Input data for calculations applied in the low and high impact scenarios. The low and high impact scenarios are denoted LS and HS, respectively. Descriptions of the
parameters are provided in Section 2.1 to 2.5 in the article. WC-Co= tungsten carbide with cobalt, Al=aluminum and DRC=the Democratic Republic of the Congo.

Parameter [unit] Ve C t Ref
arameter [uni LS ‘ HS ommen eference
Functional unit (the weight of the tire studs in four studded tires)
. . 0.1 (WC-Co) | 0.22 (WC-Co)
F k lcul
unctional unit [kg] 0.4 (Al) 0.46 (Al) Calculated
Wei . WC-
eight of atire stud WC 0.2 0.4 Furberg, et al. [1]
Co pin [g]
Wei ' A
cight of a tire stud Al 0.85 0.85 Peltola and Wikstrom [2]
body [g]
Number O.f tire studs in four 480 540 The number of tire studs in one studded tire is 119-135. Ref. [1]
studded tires [-]
Cgbu(l)t content in a WC-Co 6 10 Ref. [1]
pin [%]
System boundary 1: Lives saved in the use phase (DAL Yuse save)
R[] 0.02 0.05 Cor.npared to no.n—studded winter tires, studded .ones reduce Elvik [3]
accident rates with 2% on bare roads and 5% on icy or snowy roads.
N [accidents/year] 0.00051 0.0011 Calculated
The lowest and highest annual number of accidents with passenger
cars using non-studded winter tires in Norway in winter
Nace tot [-] 860 1200 (November to April) during the time period of 2012/2013-2016/2017 | SSB [4]
were 860 in the winter of 2016/2017 and 1200 in the winter of
2012/2013, respectively.
The lowest and highest annual number of total registered passenger
Niotear [-] 2700 000 2400 000 cars in Norway during the time period of 2012-2016 were 2 400 000 | SSB [5]
in 2012 and 2 700 000 in 2016, respectively.




Parameter [unit]

Value

LS

HS

Comment

Reference

Scur non-studded [-]

0.64

0.46

The lowest and highest annual average share of passenger cars with
non-studded winter tires in Norway in the time period of 2012-2016
were 46% in 2014 and 64% in 2016, respectively.

NPRA [6]

Ltire [year]

Winter tires are approximately used for 6-7 years.

Swedish Transport
Administration [7]

DALY cracc [year/accident]

0.32

0.65

Calculated

Nfutul car acc [']

120

140

The lowest and highest annual number of persons who lost their
lives in fatal passenger car accidents in Sweden during the time
period of 2013-2017 were 120 in 2014 and 140 in 2015, respectively.
See information on “Persons killed, severely and slightly injured in
road traffic accidents reported by the police by age, group of road
users and sex” from the reference.

Transport Analysis [8]

LEXse [year]

81

82

The lowest and highest average life expectancy in Scandinavia (i.e.
Sweden, Norway and Denmark) during the time period of 2012-
2016 were 81 in 2012 and 82 in 2016, respectively.

World Bank [9]

Laeath [year]

Many
different

Many
different

This data was given for each individual fatal accident as described
in the statistics from the reference. When ranges were given for the
age of the affected person (e.g. 35-44 year), the high value (e.g. 44
year) was applied in the LS and the low value (e.g. 35 year) in the
HS. For the age group of 75+, Luan was set equal to LEXsa« in the LS.
For exact values, see the reference.

Transport Analysis [8]

NSEZ}E?E car acc [_]

1300

1 600

The lowest and highest annual number of persons who got severely
injured in passenger car accidents in Sweden during the time
period of 2013-2017 were 1 300 in 2017 and 1 600 in 2013,
respectively. See information on “Persons killed, severely and
slightly injured in road traffic accidents reported by the police by
age, group of road users and sex” from the reference.

Transport Analysis [8]




Parameter [unit]

Value

LS HS

Comment

Reference

DV\/SEUE?E [_]

0.01 0.4

The average disability weight of a fracture in the hand, short term,
with or without treatment at 0.01 and of a fracture in the neck of
femur, long term, without treatment at 0.4 were assumed in the LS
and HS, respectively.

Salomon, et al. [10]

Lsevere [year]

0.083 0.5

Time of recovery from fractures in general is about 1-6 months.

MEDIBAS [11]

Nslight car acc [']

10 000 12 000

The lowest and highest annual number of persons who got slightly
injured in passenger car accidents in Sweden during the time
period of 2013-2017 were 10 000 in 2014 and 12 000 in 2013,
respectively. See information on “Persons killed, severely and
slightly injured in road traffic accidents reported by the police by
age, group of road users and sex” from the reference.

Transport Analysis [8]

DVVslight [-]

0.008 0.008

The average disability weight of other injuries of muscles and
tendons (consisting of sprains, strains and dislocations other than
shoulder, knee or hip) at 0.008 was assumed for both the LS and
HS.

Ref. [10]

leight [year]

0.042 0.5

Time of recovery from a sprained ankle is about two weeks to half a
year which was assumed to be valid for sprains in general.

MEDIBAS [11]

Ntot car acc [']

10 000 9100

The total number of passenger car accidents were obtained by
summing the number of such accidents causing fatal or severe
personal injury with the number of slightly injured passenger car
drivers (the latter was used as an assumption for the total number
of passenger car accidents with slight personal injury due to limited
data). See information on “Road traffic accidents with fatal or
severe personal injury reported by the police including persons
killed or severely injured, by involved type of traffic elements” and
“Persons killed, severely and slightly injured in road traffic
accidents reported by the police by age, group of road users and
sex” from the reference.

Transport Analysis [8]




Parameter [unit]

Value

LS

HS

Comment

Reference

System boundary 1: Particle emissions in the use phase (DALYuscem)

CFprm10> DALY [year/kg PMio

to air] 2.6:10+ 2.6:10+ Hierarchist perspective. Goedkoop, et al. [12]
Mroad particles [kg PMuo to air] 0.55 1.9 Calculated
Er [kg PMuo to air /vehicle 20-10% 50-10 Data from m.easurements conducted in the cities of Umed and Ferm and Sjoberg [13]
km] Gothenburg in Sweden.
Loeh km car [VehiCle km/year] 4 600 5300 Calculated
Lot [vehicle The lowest and highest number of million vehicle km driven by all
veh km tot car
km/year] 63 000-10¢ 68 000-10¢ | the passenger cars in Sweden in the time period of 2013-2017 was Transport Analysis [14]
Y 63 000 in 2013 and 68 000 in 2017, respectively.
Th imati i i .
Soor it [] 0.35 0.35 e approxnnajuve share c?f the total vehicle km during a year that Oberg [15]
takes place during winter is 35%.
The lowest and highest number of total registered passenger cars in
Niotcar [-] 4 800 000 4 500 000 Sweden in the time period of 2013-2017 was 4 500 000 in 2013 and Transport Analysis [16]
4 800 000 in 2017, respectively.
ish T
Liire [year] 6 7 Winter tires are approximately used for 6-7 years. Swedish Transport

Administration [7]




Value

Parameter [unit] s ‘ HS Comment Reference
System boundary 2: Production system emissions (DAL Yprod em)
CFi[e.g. DALY/kg COz eq Many Many Hle.r?le'ChISt perspect.lve. i= climate char.lge, ozone depletion, human
) . . toxicity, photochemical oxidant formation, particulate matter Ref. [12]
to air] different different : .. ..
formation and ionizing radiation.
LCIA data for typical non-Chinese WC-Co production was
provided from ref. [17] and LCIA data for aluminum production
(tire stud bodies) was obtained from ref. [18] applying allocation by | Furberg, Arvidsson and
I [e.g. kg COn eq to air] Many Many cut-off, the ReCiPe 2008 method and the hierarchist perspective for | Molander [17], Ecoinvent
i 2. 2
& X8 91 different different “aluminium production, primary, ingot, RoW”. The weight of a tire | database [18], Peltola and

stud body is approximately 0.85g [2]. i = climate change, ozone
depletion, human toxicity, photochemical oxidant formation,
particulate matter formation and ionizing radiation.

Wikstrém [2]

System boundary 2: Production system accidents (DALYprod acc)

LCI data for typical non-Chinese WC-Co production was provided
from ref. [17] and LCIA data for aluminum production (tire stud

Furberg, Arvidsson and

male.g. kg output] Many Many bodies) was obtained from ref. [18] applying allocation by cut-off, Molander [17], Ecoinvent
n1e-8 K8 oulp different different the ReCiPe 2008 method and the hierarchist perspective for database [18], Peltola and
“aluminium production, primary, ingot, RoW”. The weight of a tire | Wikstrom [2]
stud body is approximately 0.85g [2]. See further Section 2.
Work environment characterization factors, based on United States
WE-CF. [e.g. DALY/kg Many Many safety and. health data and related amounts o.f 1ndustr1a1.outputs,
. . were considered to adequately represent typical non-Chinese WC- | Scanlon, et al. [19]
output] different different . .. .
Co production (except for cobalt mining) and aluminum
production. See further Section 2.
WE-CFc [DALY/kg] 2.1110°3 5.0-103 Calculated
DALYminerfuml acc [year] 130 000 250 000 Calculated




Value

Parameter [unit] s HS Comment Reference
People involved in heterogenite mining [20], which is the most Elgstrand and Vingérd
Niminers [-] 250 000 250 000 abundant cobalt mineral in Katanga in the DRC where about 50% of | [20], Decrée, Pourret and
the global cobalt production takes place [21]. Baele [21]
In general, fatal accidents in artisanal mining occur to 2.5% of the
Statal ace [-] 0.025 0.025 miners involved in a year. This was assumed to be valid for ILO [22]
artisanal cobalt mining specifically.
The lowest and highest average life expectancy in the DRC during
LEXbrc [year] 58 60 the time period of 2012-2016 were 58 in 2012 and 60 in 2016, World Bank [9]
respectively.
90% of the artisanal miners in the survey by the reference were 19-
L [year] 37 19 37 years and the age of these miners was assumed to be valid for Elenge, et al. [23]
the age at death of artisanal cobalt miners.
DALY miner acc [year] 55 6000 Calculated
N — 9o 9o Average annual number of accidents per artisanal miner in Ref. [23]
Katanga.
S e [-] 0.054 0.054 The survey by the reference reported 5.4% of injuries to be Ref. [23]
fractures.
The average disability weight of a fracture in the hand, short term,
DWiacure [-] 0.01 04 with or without trea.tment at 0.01 and of a fracture in the n.eck of Ref. [10]
femur, long term, without treatment at 0.4 were assumed in the LS
and HS, respectively.
Lracture [year] 0.083 0.5 Time of recovery from fractures in general is about 1-6 months. MEDIBAS [11]
Sacc, wound [-] 0.44 0.44 The survey by the reference reported 44% of injuries to be wounds. | Ref. [23]
The average disability weight of a wound, short term, with or
PWoaona [-] 0.006 0.006 without triatment at}(,).006%/vas assumed for both the LS and HS. Ref. [10]
Lwouna [year] 0.021 0.083 Time of recovery from wounds was assumed to be 1-4 weeks. aAlf:;;ftlon by the
The lowest and highest values for cobalt mined in the DRC in 2011-
mcoprc [kg] 63 000 000 52000000 | 2015 were 52 000 000 kg in 2012 and 63 000 000 kg in 2015, USGS [24]

respectively.




Value

Parameter [unit] s ‘ HS Comment Reference
System boundary 3: Conflict (DALY.contict)

Based on 6-10% cobalt content of the WC-Co pins [1]. Following the .

. " . . o ) Ref. [1], Ecoinvent
mco [kg] 0.0068 0.026 Ecoinvent process “cobalt production [GLO]” until its extraction to
. . database [18]
get a figure for the amount of mined cobalt [18].
Calculated based on
chz ict, Co 1( 111 -4 21 -4

CFentic o [year/kg] 0 3.210 Furberg, et al. [25]

The lowest and highest values for the number of direct deaths in
N[-] 490 2200 the DRC due to the conflict in 2010-2014 were 490 in 2011 and 2 200 | UCDP [26]

in 2013, respectively.

The lowest and highest average life expectancy in the DRC during
LEX [year] 57 59 the time period of 2010-2014 were 57 in 2010 and 59 in 2014, World Bank [9]

respectively.

2.5 (46%) 2.5 (46%) The age at death was 2.5 years for 46% of the deaths and 10-30 years
L P 27
[year] 30 (54%) 10 (54%) | for 54% of the deaths. arsmo [27]
Man Man The lowest and highest values for prices for minerals i = {tin,
Pij [USD/ton] . y . y tantalum, tungsten, gold, copper, cobalt, diamond} and time period | USGS [28], KP [29]
different different . . )
j of 2010-2014 are presented in Section 3.
Many Many The lowest and highest values for amounts of minerals i = {tin,

mij [kg] differont differont tantalum, tungsten, gold, copper, cobalt, diamond} produced in the | USGS [24], KP [29]

DRC in time period j of 2010-2014 are presented in Section 3.
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2. Data for Production System Accidents

Crude oil Petroleum Diesel

extraction production production Diesel

‘ Palm fruit bunch Palm oil

Crude oil Petroleum Heavy fuel ol Electricity

extraction , oil
Electricity
production, hydro

Diesel, low

Crude oi Petroleum Diesel Low sulfur diesel | quiree

extraction

Sodium carbonate
production

Sodium chloride Sodium hydroxide
powder production production

Electricity (Northwest
territories, Canada)

Limestone quarry Limestone
operation (calcite) production

Sodium chloride

Sodi
um Carbonate
extraction

Sodium hydroxide

Hydrogen sulfide

Sodium hydrosulfide

Oleic acid }w

Scheelite and wolframite

ore mining

Scheelite and wolframite ore

vl

Sodium
production

Hydrogen

Crude oil
extraction

Sulfuric acid
Sulfur Sulfuric acid |
production production

Aluminum sulfate Aluminum sulfate
Bauxite Aluminum hydroxide production
mining production

Petroleum

Kerosene Kerosene

production

Heavy fuel oil Ammonia Ammonia

Ethylene
production

Crude oi
extraction

Fatty alcohol Decanol

Alamine 336 | Alamine 336
production —

production

I

Magnesium sulfate
Kieserite extraction

Tungsten scrap
Scrap recovery

Carbon black Cab’:"’z
production lacl

Crude oil Petroleum
extraction production

Electricity

High pressure
natural gas

Natural gas
extraction

Electricity
(northeast U.S.)

natural gas

Uranium 3.8%

production, Electricity
diffusion production,
Uranium in Uranium hexa-
Urantam J nuclear
mining yellowcake fluoride

Uranium 4.2%
production,
centrifuge

Electricity
production,
hydro

Bauxite

\ /

Cobalt | Cobaltpowder | |
production

.o |~

Scrap W |+
recovery .
s

Mining

Separated

Scheelite and wolframite
concentrates

Transport

material Solid waste
treatment

Alamine 336,
decanol, kerosene

Liquid organic waste

treatment

Hydrometallurgy

G
angue Solid waste
treatment

Pyrometallurgy

WC powder

Powder metallurgy

mining

Aluminum ingot Foreground system

Sodium sulfate [~ iquid aqueous
waste treatment

production

Aluminum Aluminum Aluminum,
hydroxide oxide primary, liquid

Background system

Tire studs (WC-Co pins in
aluminum bodies)

Figure S1. Flowchart for the included foreground and background processes in the production system of tire
studs. APT=ammonium paratungstate, WC=tungsten carbide and WC-Co=tungsten carbide with cobalt.
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Table S3. Ecoinvent processes and industrial categories applied for inputs and outputs in the foreground and background system. Note that no Ecoinvent process was
available for Alamine 336, why a literature source was applied following ref. [17]. Furthermore, note that a specific calculation was conducted for the artisanal mining of cobalt,

see Section 2.4 in the article. Some products are not given an industrial category but are still shown here since they were needed for further calculations.

Product

Ecoinvent process [18]

Industrial category [19]

Alamine 336

Alamine 336 production according to Vahidi and Zhao
[30].

325199 All Other Basic Organic Chemical Manufacturing

Alamine 336 (liquid
organic waste)

562211 Hazardous Waste Treatment and Disposal

Aluminum hydroxide

aluminium hydroxide production [GLO]

325188 All Other Basic Inorganic Chemical Manufacturing

Aluminum, ingot

aluminium, primary, ingot [kg]

331312 Primary Aluminum Production

Aluminum, primary, liquid

aluminium, primary, liquid [kg]

331312 Primary Aluminum Production

Aluminum oxide

aluminium oxide [kg]

325188 All Other Basic Inorganic Chemical Manufacturing

Aluminum sulfate

aluminium sulfate production, powder [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing

Ammonia

ammonia production, partial oxidation, liquid [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing

Ammonium paratungstate
(APT)

325188 All Other Basic Inorganic Chemical Manufacturing

Bauxite

bauxite mine operation [GLO]

212299 All Other Metal Ore Mining

Calcite, in ground

212399 All Other Nonmetallic Mineral Mining

Carbon black

Carbon black production [RoW]

325182 Carbon Black Manufacturing

Cobalt

cobalt production [GLO]

331419 Primary Smelting and Refining of Nonferrous Metal
(except Copper and Aluminum)

Cobalt, in ground

Special calculation conducted.

Crude oil

211111 Crude Petroleum and Natural Gas Extraction

Decanol

fatty alcohol production, petrochemical [RoW]

325199 All Other Basic Organic Chemical Manufacturing
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Product

Ecoinvent process [18]

Industrial category [19]

Decanol (liquid organic
waste)

562211 Hazardous Waste Treatment and Disposal

Diesel

petroleum refinery operation [RoW]

325110 Petrochemical Manufacturing

Diesel, low sulfur

diesel production, low-sulfur [RoW]

325110 Petrochemical Manufacturing

Electricity Canada,
northwest territories

electricity, high voltage, production mix [CA-NT]

Electricity, hydro

221119 Other Electric Power Generation

Electricity, natural gas,
combined cycle power
plant

electricity production, natural gas, combined cycle power
plant [NPCC, US only]

221112 Fossil Fuel Electric Power Generation

Electricity, natural gas,
conventional power plant

electricity production, natural gas, conventional power
plant [NPCC, US only]

221112 Fossil Fuel Electric Power Generation

Electricity nuclear, boiling
water reactor

electricity production, nuclear, boiling water reactor
[NPCC, US only]

221119 Other Electric Power Generation

Electricity nuclear,
pressure water reactor

electricity production, nuclear, pressure water reactor
[NPCC, US only]

221119 Other Electric Power Generation

Electricity, oil

electricity production, oil [CA-NT]

221112 Fossil Fuel Electric Power Generation

Electricity United States

electricity, high voltage, production mix, [NPCC, US only]

Ethylene

ethylene production, average [RoW]

325110 Petrochemical Manufacturing

Fatty alcohol

fatty alcohol production, petrochemical [RoW]

325199 All Other Basic Organic Chemical Manufacturing

Gangue (solid waste)

562212 Solid Waste Landfill

Heavy fuel oil

petroleum refinery operation [RoW]

325110 Petrochemical Manufacturing

Hydrogen

hydrogen cracking, APME [RoW]

325110 Petrochemical Manufacturing

Hydrogen sulfide

hydrogen sulfide production [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing
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Product

Ecoinvent process [18]

Industrial category [19]

Kerosene

petroleum refinery operation [RoW]

324110 Petroleum Refineries

Kerosene (liquid organic
waste)

562211 Hazardous Waste Treatment and Disposal

Kieserite, 25% in crude or,
in ground

212393 Other Chemical and Fertilizer Mineral Mining

Lime

limestone quarry operation [RoW]

327410 Lime Manufacturing

Magnesium sulfate

magnesium sulfate production [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing

Natural gas, high pressure

petroleum and gas production, on-shore [RoW]

325120 Industrial Gas Manufacturing

Natural gas, in ground

211111 Crude Petroleum and Natural Gas Extraction

Nuclear fuel element for
light water reactor

nuclear fuel element production, for pressure water
reactor, UO2 4.2% & MOX [RoW]

N-olefins

n-olefins production [RoW]

325110 Petrochemical Manufacturing

Oleic acid

fatty acid production, from palm oil [RoW]

325199 All Other Basic Organic Chemical Manufacturing

Palm fruit bunch

palm fruit bunch production [RoW]

111339 Other Noncitrus Fruit Farming

Palm oil, crude

palm oil mill operation [RoW]

311223 Other Oilseed Processing

Paraffin

paraffin production [RoW]

324110 Petroleum Refineries

Petroleum

petroleum production, onshore [RoW]

324110 Petroleum Refineries

Scheelite ore

212299 All Other Metal Ore Mining

Scheelite and wolframite
concentrates

212299 All Other Metal Ore Mining

Separated material

562212 Solid Waste Landfill

Sulfur

petroleum refinery operation [RoW]

324110 Petroleum Refineries

Sulfuric acid

sulfuric acid production [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing

Sodium carbonate

soda production, solvay process [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing
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Product

Ecoinvent process [18]

Industrial category [19]

Sodium chloride

sodium chloride production, brine solution [RoW]

325181 Alkalies and Chlorine Manufacturing

Sodium chloride powder

sodium chloride production, powder [RoW]

325181 Alkalies and Chlorine Manufacturing

Sodium chloride, in

212393 Other Chemical and Fertilizer Mineral Mining

ground
Sodium hydrosulfide sodium hydrosulfide production [RoW] 325188 All Other Basic Inorganic Chemical Manufacturing
Sodium hydroxide chlor-alkali electrolysis, membrane cell [RoW] 325181 Alkalies and Chlorine Manufacturing

Sodium sulfate (liquid
aqueous waste)

221320 Sewage Treatment Facilities

Transport by lorry

transport, freight, lorry >32 metric ton, EURO3 [RoW]

484121 General Freight Trucking, Long-Distance, Truckload

Tungsten carbide (WC)
powder

325188 All Other Basic Inorganic Chemical Manufacturing

Tungsten carbide with
cobalt (WC-Co)

327910 Abrasive Product Manufacturing

Tungsten carbide with
cobalt (WC-Co) scrap

562920 Materials Recovery Facilities

Tungsten scrap

562920 Materials Recovery Facilities

Uranium, enriched 3.8%

uranium production, diffusion, enriched 3.8% [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing

Uranium, enriched 3.8%, in
fuel element for light water
reactor

uranium fuel element production, enriched 3.8%, for light
water reactor [RoW]

Uranium enriched 4.2%, in
fuel element

uranium fuel element production, enriched 4.2%, for light
water reactor [RoW]

Uranium enriched 4.2%,
per separative work unit

uranium production, centrifuge, enriched 4.2% [RoW]

Uranium hexaflouride

uranium hexafluoride production [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing

Uranium, in yellowcake

uranium production, in yellowcake [RoW]

325188 All Other Basic Inorganic Chemical Manufacturing
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Product

Ecoinvent process [18]

Industrial category [19]

Uranium ore, as U

uranium mine operation, underground [RoW]

212291 Uranium-Radium-Vanadium Ore Mining

Wolframite ore

212299 All Other Metal Ore Mining
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3. Prices and Amounts of Conflict Minerals

Table S4. Prices of minerals in USD/ton. LS=low impact scenario, represented by the lowest value for the prices of
minerals between 2010-2014, and HS=high impact scenario, represented by the highest value for the prices of
minerals between 2010-2014.

Conflict mineral LS HS Reference
Gold 40 000 000 54 000 000
Tin 23 000 35 000
Tantalum 150 000 340 000
USGS [28]
Tungsten 27 000 57 000
Cupper 7 000 9 000
Cobalt 28 000 40 000
Diamond 44 000 000 43 000 000 KP [29]

Table S5. Amounts of conflict minerals mined in the Democratic Republic of the Congo. The unit is in ton except
for diamond, which is given in carat. LS=low impact scenario, represented by the lowest value for the amount
mined between 2010-2014, and HS=high impact scenario, represented by the highest value for the amount mined
between 2010-2014.

Conflict mineral LS HS Reference
Gold 12 31
Tin 4 500 8 000
Tantalum 2 2
20 520 USGS [24]
Tungsten 12 55
Copper 420 000 1 000 000
Cobalt 52 000 62 000
Diamond 16 000 000 22 000 000 KP [29]

17



4. Resulting Contributions to Health Impacts

Table S6. Contributions to health impacts. The low and high impact scenarios are denoted LS and HS,
respectively. DALY=disability-adjusted life years, DALY, suq=the net DALY of the tire studs in a studded
Scandinavian passenger car, DALY . save=years saved by using studded tires instead of non-studded winter tires
during winter, DALY\, jost=years lost by using studded tires during winter, DALY ;s .,=years lost due to use
phase emissions of road particles, DALY ;4 cm=years lost due emissions in the production system of tire studs,
DALY 104 acc=years lost due to accidents in the production system of tire studs and DALY o,g;=years lost due to
revenues from cobalt mineral mining. DALY 1105 i the sum of DALY e em, DALY r0d ems DALY prod ace and
DALYconflict- DALYtire stud is equal to DALYuse save minus DALYtotal lost*

Parameter [year] LS HS

DALYitire stud -1.7-10* -4.7-10*
DALYuse save 1.9-10° 2.510*
DALY otal lost 1.9-10* 7.2:10*
DALYuseem 1.4-10* 4.8-10*
DALYprod em 2.4-10°5 8.0-10°
DALYprod ace 1.8-10° 1.5-10+
DALY conflict 7.2-107 8.4-10°
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