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S1. [bookmark: _Toc103347146]Abbreviated letter index table
Table S1 List of abbreviations.
	Abbreviation
	Full Name

	H2
	Hydrogen

	Pt
	Platinum

	LDV
	Light-duty Vehicles

	CN
	Carbon Neutrality

	BAU
	Business-As-Usual

	CCS
	Carbon Capture and Storage

	FC
	Fuel Cell

	FCEV
	Fuel Cell Electric Vehicle

	BEV
	Battery Electric Vehicle

	PEM
	Polymer Electrolyte Membrane

	PAFC
	Phosphoric Acid Fuel Cell

	SOFC
	Solid Oxide Fuel Cell

	HRS
	Hydrogen Refuelling Station

	MCFC
	Molten Carbonate Fuel Cell

	PEMFC
	Proton Exchange Membrane Fuel Cell

	CHP
	Combined Heat and Power

	CR
	collection rate

	ZA
	South Africa

	RUS
	Russia

	RoW
	Rest of World

	EOL-RR
	end-of-life recycling rate




S2

S2. [bookmark: _Toc103347147]Comparison with the results of previous studies
Table S2 Comparison of our hydrogen demand forecast with previous studies
	Reference
	H2
demand
	Region
	Climate target
	H2
application
	End-use sector coverage

	Hydrogen council1
	200 Mt
in 2050
	China
	1.5℃
	H2 as fuels
and H2 for industrial applications
	Building (20%)
Industry (50%)
Power (10%)
Transport (40%)

	International Energy Agency2
	90 Mt
in 2060
	China
	Carbon neutrality
	H2 fuels
and H2 for industrial applications
	Industry (40%)
Refinery (20%)
Transport (25%)
Others (15%)

	China hydrogen alliance3
	130 Mt
in 2060
	China
	Carbon neutrality
	H2 as fuels
and H2 for industrial applications
	Building (5.5%)
Industry (60%)
Power (4.5%)
Transport (30%)

	Shell4
	25.5 Mt
in 2060
	China
	2℃
	H2 as fuels
	Heavy industry (25%)
Transport (22%)
Others (53%)

	BP5
	93 Mt
in 2050
	China
	1.5℃
	H2 as fuels
and H2 for industrial applications
	Not Available

	CN scenario, this study
	20.0 Mt
in 2060
	China
	Carbon neutrality
	H2 as fuels
	Industry (37.6%)
Transport (62.4%)

	1.5℃ scenario, this study
	32.1 Mt
in 2060
	China
	1.5℃
	H2 as fuels
	Industry (27.6%)
Transport (72.4%)

	BAU scenario, this study
	38.0 Mt
in 2060
	China
	No climate target
	H2 as fuels
	Industry (6.7%)
Transport (93.3%)




[bookmark: _Hlk102242128]Table S3 Review on the key Pt demand results from previous studies
	[bookmark: _Hlk102241568]Reference
	Pt demand*
	Technology
Scope
	Key assumption
	 Key results

	(Raymond, Sterck and Clifford, 2022)6
	31.1 t (1M oz) p.a. by 2030
124.4t (4M oz) p.a. by 2040

40.4t (1.3M oz) p.a. by 2028
208.4t (6.7M oz) p.a. by 2040
	FCEVs
	Policy-driven scenario: FCEV adoption is driven by government and regional subsidies, incentives, and legislated targets. FCEVs reaches 2m in 2030 and 11m in 2040.
Commercially enhanced adoption scenario: government and regional policies have engendered infrastructure critical mass. FCEVs reaches 3m in 2030 and 15m in 2040.
	Supply without increases can cause platinum scarcity, which would hinder FCEV growth rates, while Pt production can be expanded with time to satisfy the demand growth.

	(Tong et al., 2022)7
	nearly 280-350 t p.a. in 2050
	Transportation (FCEVs, ICEVs)
	Energy scenario: carbon neutrality within half a century.
Technology assumption:
S1: Technological Substitution–substituting ICEs with FCVs and BEVs. 
S2: Diversified niches-considering the path-dependency of technological change.
S3: Landscape change–combined with a systematic change in mobility landscape
	There is an imbalance between supply and demand for Pt between regions, calling for a global coordination to enhance the material efficiency for Pt

	(Hao et al., 2019)8
	33.8 kt(D1)
93.2 kt(D2)
56.1 kt(D3)

2010-2100
cumulatively
	Transportation (FCEVs, ICEVs)
	Population and economic growth:  SSP2. 
Vehicle sales, scrappage, and stock: the global vehicle sales will increase from the current level of 97 million to 144 million in 2030 (49% increase), 192 million in 2050 (98% increase), and 220 million in 2100 (127% increase).
Technology assumption:
D1: FCVs penetrating only the HDV segment.
D2: FCVs into the HDV & LDV segment.
D3: Lowering PGM loading of fuel cells.
	PGMs are not likely to be a constraint for the mass deployment of FCEVs at the global level, there could be significant supply risks due to resource location.

	(Alonso, Field and Kirchain, 2012)9
	59 kt

2010-2050
cumulatively
	All platinum-using industries
	
Energy scenario:  IEA projected fleet for meeting 450 greenhouse gas goals.
Technology assumption: simulate historical platinum usage and its growth rate for individual Pt-using industries, and FCEVs reach 12% in 2035.
	The demand can only be met by the primary supply curve （projected based on 5% exponential growth rate）.

	(Rasmussen et al., 2019)10
	51.4 kt
(the most aggressive fuel cell scenario)

2016-2050
cumulatively

	All platinum-using industries
	FCEVS: bottom-up approach, fuel cell rapid development scenario
Electrolyser: extrapolate Danish to all other countries 
Other sectors: assumption based on their historical patterns
	Only in high demand scenarios and when fuel cell market penetration is higher than the expected, the aggregate demand to 2050 will exceed the 2016 global platinum reserves.

	(Elshkaki, 2013)11
	over 1.4 kt p.a. in 2050
over 8.0 kt p.a. in 2100
	All platinum-using industries
	Fuel Cells are modelled based on the demand for vehicles, the share of Fuel Cell Vehicles (FCVs). FCEVs market share reaches 50% by the year 2050 and 100% by the year 2100.
Catalytic Converters are modelled based on the demand for vehicles, FCVs market share, CC market share.
Other Applications are modelled based on socio-economic variables, metal price and time.
	Platinum identified resources are expected to deplete with or without the introduction of FCVs before the end of the century.


Note: Those values are obtained roughly based on their result presentations.
S3. [bookmark: _Toc103347148]Data and method details
S3.1. [bookmark: _Toc103347149][bookmark: _Hlk102923631]Data used for evaluating Pt demand
[bookmark: _Hlk102936394]Table S4 Data used for evaluating Pt demand
	Variable
	Value
	Unit
	Source
	Process

	China's Pt primary production
	2.5
	ton
	BGS12
	the average of data during 2015-2020

	Global Pt primary production
	180.3
	ton
	USGS13
	the average of data during 2013-2020

	China's current Pt gross demand
	72.4
	ton
	SFA Oxford14
	the average of data during 2013-2020

	China's recycling
	13.94
	ton
	SFA Oxford14
	the average of data during 2013-2020

	Pt content of PGM mines
(Pt ratio)
	51.3
	%
	(Nassar, 2015)15
(Rasmussen et al., 2019)16
	the average of 21 PGM mines 

	China's Pt reserve
	65
	ton
	China Mineral Resources17
	Pt ratio * PGMs reserve of 2020

	Global Pt reserve
	35397
	ton
	USGS13
	Pt ratio * PGMs reserve of 2020

	Pt reserve of ZA
	32319
	ton
	USGS13
	Pt ratio * PGMs reserve of 2020

	Pt reserve of RUS
	2000.7
	ton
	USGS13
	Pt ratio * PGMs reserve of 2020

	Pt reserve of RoW
	1077.3
	ton
	USGS13
	Pt ratio * PGMs reserve of 2020

	Pt price (1)
	1064.6
	[bookmark: _Hlk102924873]USD/troy ounce 
	LBMA18
	the average of data during 2013-2021

	Pt import share of ZA (2)
	60.3
	%
	UN Comtrade19
	Share sourced from South Africa of the imported Pt 

	Pt import share of RUS (2)
	10.2
	%
	UN Comtrade19
	Share sourced from Russia of the imported Pt 

	Pt import share of RoW (2)
	29.4
	%
	UN Comtrade19
	Share sourced from RoW of the imported Pt 


Note:	(1) The figure is in 2020 dollars.
(2) The selected year is 2019. Trade pattern in 2019 is more convincing, considering the Covid-19’s effect to the Pt supply chain20.

S3.2. [bookmark: _Toc103347150]Method of mapping the platinum cycle in the future
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Figure S1 Framework of China's Pt cycle in the future 


Table S5 Detailed explanation of the calculation of each flow in China's Pt cycle.
	Flow
	Description
	Calculation
	Data source

	D1
	Pt demand for Industry FC
	Stock-driven model
	Calculation in this study

	D2
	Pt demand for H2 Production
	Stock-driven model
	Calculation in this study

	D3
	Pt demand for LDV
	Stock-driven model
	Calculation in this study

	D4
	Pt demand for Bus
	Stock-driven model
	Calculation in this study

	D5
	Pt demand for Truck
	Stock-driven model
	Calculation in this study

	D6
	Pt demand for Jewellery
	Statistics
	SFA Oxford14

	D7
	Pt demand for Glass
	Statistics
	SFA Oxford14

	D8
	Pt demand for Chemical
	Statistics
	SFA Oxford14

	D9
	Pt demand for Autocatalyst
	Statistics
	SFA Oxford14

	D10
	Pt demand for Petroleum
	Statistics
	SFA Oxford14

	D11
	Pt demand for Other sector
	Statistics
	SFA Oxford14

	D_sum
	Total Pt demand
	D_sum=D1+…+D11
	Mass balance

	R1
	Recycling of Industry FC
	Stock-driven model
	Calculation in this study

	R2
	Recycling of H2 Production
	Stock-driven model
	Calculation in this study

	R3
	Recycling of LDV
	Stock-driven model
	Calculation in this study

	R4
	Recycling of Bus
	Stock-driven model
	Calculation in this study

	R5
	Recycling of Truck
	Stock-driven model
	Calculation in this study

	R6
	Pt demand for Jewellery
	Statistics
	SFA Oxford14

	R9
	Pt demand for Autocatalyst
	Statistics
	SFA Oxford14

	R_tra
	Recycling from traditional sector
	Statistics
	SFA Oxford14

	R_H2
	Recycling from H2 sector
	R_H2=R1+R2+R3+R4+R5
	Mass balance

	R_sum
	Pt demand from Recycling
	R_sum=R_tra+R_H2
	Mass balance

	S_sum
	Pt demand from virgin ores
	S_sum=D_sum-R_sum
	Mass balance

	S1
	China's domestic Pt primary production
	Statistics
	BGS12

	S5
	Primary Pt sourced from overseas
	S5=S_sum-S1
	Mass balance

	S2
	Primary Pt sourced from South Africa
	S2=S5*Import share_ZA
	Mass balance

	S3
	Primary Pt sourced from Russia
	S3=S5*Import share_RUS
	Mass balance

	S4
	Primary Pt sourced from Rest of World
	S4=S5*Import share_RoW
	Mass balance






S4. [bookmark: _Toc103347151]Scenarios instruction
S4.1. [bookmark: _Toc103347152]Description of climate scenarios
[bookmark: _Hlk101901865]Table S6 Description of climate scenarios
	Scenario
	Social Economic Parament
	Climate Target
	Temperature Increase in 2060

	BAU
	SSP2
	No climate policy constraints
	2.341°C

	1.5°C
	SSP1
	No more than 1.5°C temperature increase in 2100
	1.819°C

	CN
	SSP1
	Carbon emissions are reduced to zero in 2060
	1.684°C


[bookmark: _Hlk101789430]
S4.2. [bookmark: _Toc103347153]Description of circular economy scenarios
Material efficiency improvement strategies such as increasing recycling, product redesign and material substitution can improve Pt supply resilience in the face of future uncertainties21–23. Here, we quantify the potential benefits of four sets of Pt material-based efficiency strategies across Pt life cycle, which are: (1) Pt-free technology substitution, (2) Pt service life extension, (3) Pt recycling enhancement, and (4) Reducing Pt content. Strategy (1) lies in the planning stage and aims to avoid Pt usage in H2 value chain by selecting alternative Pt-free technologies. For instance, in the industrial use of hydrogen energy, those emerging Pt-free technologies (e.g., SOFC and MCFC) are assumed to quickly replace PAFC and PEMFC and fully occupy the market by 2045. Strategy (2) focuses on the in-use stage to extend key Pt technology service lifetime by ensuring asset durability and optimising operation. Strategy (3) incorporates various end-of-life strategies for better management of end-of-life products and high efficiency of the Pt recovery process. Strategy (4) complies with the principle of material reduction for the same hydrogen service, mainly through technology breakthroughs and R&D to reduce the platinum content in hydrogen equipment.


Table S7 Description of circular economy scenarios
	Strategy
	Technology market share
	Life
time
	Recycling
	Material intensity

	
	I
	II
	I
	II
	I
	II
	I
	II

	No policy
	√
	
	√
	
	√
	
	√
	

	(1) Pt-free technology substitution
	
	√
	√
	
	√
	
	√
	

	(2) Pt service life extension
	√
	
	
	√
	√
	
	√
	

	(3) Pt recycling enhancement
	√
	
	√
	
	
	√
	√
	

	(4) Pt basic reduction
	√
	
	√
	
	√
	
	
	√


Note: 
1. Technology market share: Type I means general technology mix; Type II means No-Pt technology mix.
2. Life time: Type I means general lifetime, Type II means the extended lifetime.
3. Pt recycling enhancement: Type I adopts current recycling setting; Type II adopts enhanced recycling setting.
4. Material intensity: Type I means the current advanced intensity; Type II means the basic reduction intensity.

S5. [bookmark: _Toc103347154]Supporting results
S5.1. [bookmark: _Toc103347155]China's Pt demand trend associated with hydrogen development
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[bookmark: _Hlk102936796]Figure S2 China's Pt demand trend associated with hydrogen development from 2021 to 2060. (a) the CN scenario, (b) the 1.5°C scenario, and (c) the BAU scenario

S5.2. [bookmark: _Hlk101631072][bookmark: _Toc103347156]China's cumulative Pt demand structure associated with H2 development
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描述已自动生成]
Figure S3 China's cumulative Pt demand structure associated with hydrogen development during 2021-2060. (a) the CN scenario, (b) the 1.5°C scenario, and (c) the BAU scenario
S5.3. [bookmark: _Hlk101631117][bookmark: _Toc103347157]China’s Pt import map in 2019 

[image: ]

Figure S4 China’s Pt import map in 2019 (Unite: ton/year)
S5.4. [bookmark: _Hlk101631631][bookmark: _Toc103347158]Pt supplier countries’ pressure caused by China's hydrogen infrastructure
[image: 图形用户界面

中度可信度描述已自动生成]
[bookmark: _Hlk101632244]Figure S5 Pt supplier countries’ pressure caused by China's hydrogen infrastructure. (a) the CN scenario, (b) the 1.5°C scenario, and (c) the BAU scenario

S5.5. [bookmark: _Toc103347159][bookmark: _Hlk101632322]Benefits of circular measures under each scenario
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描述已自动生成]
Figure S6 Benefits of circular measures under the CN scenario. (a) Pt-free technology substitution; (b) Pt service life extension; (c) Pt recycling enhancement, and (d) Reducing Pt content.
[image: 图表

描述已自动生成] 
[bookmark: _Hlk101632410]Figure S7 Benefits of circular measures under the 1.5°C scenario. (a) Pt-free technology substitution; (b) Pt service life extension; (c) Pt recycling enhancement, and (d) Reducing Pt content.
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Figure S8 Benefits of circular measures under the BAU scenario. (a) Pt-free technology substitution; (b) Pt service life extension; (c) Pt recycling enhancement, and (d) Reducing Pt content.



S5.6. [bookmark: _Toc103347160]China’s platinum supply and consumption mix from 2021 to 2060
[image: ]
Figure S9 China’s platinum supply and consumption mix from 2021 to 2060 under the carbon neutrality (CN) scenario


[image: ]
Figure S10 China’s platinum supply and consumption mix from 2021 to 2060 under the 1.5°C scenario


[image: ]

Figure S11 China’s platinum supply and consumption mix from 2021 to 2060 under the BAU scenario



S5.7. [bookmark: _Toc103347161]Pt cost driven by the rapidly growing Pt demand under the CN scenario
Table S8 Pt cost driven by the rapidly growing Pt demand under the CN scenario (Unite: $/g)
	Scenario
	CM
	CA
	RR
	AR

	Discount rate
	D1
	D2
	D3
	D1
	D2
	D3
	D1
	D2
	D3
	D1
	D2
	D3

	2021
	48.60
	68.12
	70.91
	48.56
	67.89
	70.64
	48.56
	67.88
	70.63
	48.54
	67.77
	70.50

	2022
	49.91
	76.98
	81.62
	49.76
	75.74
	80.09
	49.75
	75.70
	80.04
	49.64
	74.86
	79.01

	2023
	50.79
	84.95
	91.72
	50.50
	82.12
	88.08
	50.49
	82.03
	87.96
	50.26
	79.84
	85.19

	2024
	51.36
	91.67
	100.62
	50.98
	87.03
	94.44
	50.97
	86.93
	94.30
	50.62
	83.27
	89.55

	2025
	51.73
	96.92
	107.83
	51.28
	90.61
	99.19
	51.28
	90.61
	99.19
	50.89
	86.07
	93.18

	2026
	52.30
	107.02
	122.41
	51.73
	96.85
	107.74
	51.74
	97.01
	107.96
	51.29
	90.74
	99.37

	2027
	52.87
	121.44
	145.06
	52.30
	106.90
	122.24
	52.20
	104.97
	119.38
	51.67
	96.01
	106.56

	2028
	53.20
	132.89
	164.81
	52.66
	115.39
	135.27
	52.47
	110.64
	127.89
	51.92
	99.94
	112.10

	2029
	53.37
	141.09
	180.07
	52.90
	122.10
	146.15
	52.64
	114.79
	134.33
	52.11
	103.33
	116.98

	2030
	53.47
	146.01
	189.74
	53.04
	126.95
	154.36
	52.76
	118.19
	139.76
	52.29
	106.83
	122.13

	2031
	53.74
	165.28
	231.79
	53.37
	140.80
	179.53
	53.07
	128.04
	156.24
	52.57
	113.13
	131.73

	2032
	53.96
	192.22
	305.38
	53.68
	160.88
	221.52
	53.39
	141.66
	181.17
	52.86
	120.84
	144.07

	2033
	54.04
	208.11
	360.31
	53.83
	174.82
	255.56
	53.55
	151.01
	199.97
	53.04
	126.98
	154.40

	2034
	54.07
	215.89
	391.50
	53.90
	183.10
	278.13
	53.63
	156.55
	211.83
	53.17
	131.74
	162.75

	2035
	54.07
	217.49
	398.34
	53.92
	186.29
	287.33
	53.66
	158.75
	216.71
	53.25
	135.34
	169.26

	2036
	54.08
	220.10
	409.86
	53.95
	190.32
	299.46
	53.69
	161.56
	223.10
	53.34
	139.21
	176.48

	2037
	54.10
	226.94
	442.09
	53.99
	198.13
	324.61
	53.75
	166.80
	235.42
	53.43
	144.00
	185.74

	2038
	54.11
	233.02
	473.83
	54.03
	205.55
	350.74
	53.80
	171.80
	247.79
	53.51
	148.79
	195.37

	2039
	54.12
	238.35
	504.35
	54.05
	212.48
	377.46
	53.85
	176.56
	260.13
	53.59
	153.59
	205.42

	2040
	54.13
	242.93
	533.04
	54.07
	218.86
	404.34
	53.88
	181.06
	272.38
	53.65
	158.45
	216.05

	2041
	54.13
	247.12
	561.61
	54.09
	225.04
	432.82
	53.92
	185.61
	285.34
	53.72
	163.45
	227.47

	2042
	54.14
	250.87
	589.35
	54.11
	230.95
	462.66
	53.95
	190.21
	299.13
	53.77
	168.52
	239.61

	2043
	54.14
	253.93
	613.76
	54.12
	236.21
	491.73
	53.97
	194.63
	313.05
	53.82
	173.55
	252.26

	2044
	54.14
	256.38
	634.76
	54.12
	240.83
	519.58
	53.99
	198.88
	327.13
	53.86
	178.52
	265.41

	2045
	54.14
	258.32
	652.39
	54.13
	244.84
	545.76
	54.01
	202.98
	341.39
	53.90
	183.42
	279.02

	2046
	54.14
	260.69
	675.39
	54.14
	250.07
	583.22
	54.04
	208.88
	363.26
	53.94
	189.28
	296.30

	2047
	54.14
	262.26
	691.72
	54.14
	254.23
	616.26
	54.06
	214.55
	385.89
	53.97
	195.09
	314.54

	2048
	54.14
	262.80
	697.66
	54.14
	256.05
	631.84
	54.07
	217.69
	399.21
	54.00
	199.36
	328.78

	2049
	54.14
	262.81
	697.83
	54.14
	256.37
	634.66
	54.07
	218.78
	403.99
	54.01
	202.23
	338.75

	2050
	54.14
	262.30
	692.14
	54.14
	255.28
	625.17
	54.07
	218.07
	400.89
	54.02
	203.80
	344.33

	2051
	54.14
	261.65
	685.28
	54.14
	254.08
	615.03
	54.07
	217.74
	399.45
	54.03
	205.43
	350.29

	2052
	54.14
	261.60
	684.71
	54.14
	254.22
	616.20
	54.08
	219.30
	406.25
	54.04
	208.13
	360.38

	2053
	54.14
	261.73
	686.13
	54.14
	254.73
	620.49
	54.08
	221.35
	415.51
	54.05
	211.04
	371.67

	2054
	54.14
	262.05
	689.46
	54.14
	255.59
	627.87
	54.09
	223.85
	427.11
	54.06
	214.15
	384.24

	2055
	54.14
	262.49
	694.24
	54.14
	256.74
	637.96
	54.10
	226.71
	440.97
	54.07
	217.43
	398.10

	2056
	54.14
	262.90
	698.75
	54.14
	257.85
	647.96
	54.10
	229.59
	455.53
	54.08
	220.68
	412.44

	2057
	54.14
	263.18
	701.96
	54.14
	258.68
	655.70
	54.11
	232.18
	469.23
	54.09
	223.68
	426.31

	2058
	54.14
	263.40
	704.52
	54.14
	259.36
	662.26
	54.11
	234.61
	482.62
	54.10
	226.52
	440.01

	2059
	54.14
	263.58
	706.53
	54.14
	259.93
	667.74
	54.12
	236.87
	495.61
	54.10
	229.17
	453.39

	2060
	54.14
	263.71
	708.14
	54.14
	260.40
	672.42
	54.12
	238.98
	508.15
	54.11
	231.64
	466.34


Note: D1=1.4; D2=5.4%; D3=8%.
S5.8. [bookmark: _Toc103347162]Share of Pt cost in the total cost of each hydrogen technology in 2060
[image: ]
Figure S12 Share of platinum cost in the total cost of individual hydrogen technologies in 2060. (a) Cost share of platinum in different hydrogen technologies with varying assumptions of platinum intensity (CM = Current Mainstream, CA = Current Advance, RR = Reference Reduction, AR = Advanced Reduction); (b) – (d) Probability distributions of platinum cost share in hydrogen technologies.


S6. [bookmark: _Toc103347163]Parament setting
S6.1. [bookmark: _Toc103347164]Carbon emissions pathway of each climate scenario
[bookmark: _Hlk101632701]Table S9 Carbon emissions pathway of each climate scenario
(Unite: Mt carbon/year)
	Year
	BAU
	1.5°C
	CN

	2020
	3203.15
	3207.16
	3125.24

	2025
	3504.89
	3510.71
	2734.59

	2030
	3700.54
	3707.34
	2343.93

	2035
	3805.97
	3813.61
	1953.28

	2040
	3848.96
	2709.80
	1562.62

	2045
	3841.63
	2063.31
	1171.97

	2050
	3801.75
	1257.86
	781.31

	2055
	3702.83
	616.80
	390.66

	2060
	3595.11
	172.94
	0.00




S6.2. [bookmark: _Toc103347165]Classification and technical parameters of hydrogen production technology
Table S10 Classification and technical parameters of hydrogen production technology
	Technology
	Type
	Input
	Plant Lifetime
(year)
	Stack Lifetime
(year)
	Capacity factor

	Biomass to H2
	Central production
	biomass
	40
	NA
	90%

	Biomass to H2 CCS
	
	
	40
	NA
	90%

	Coal chemical
	
	coal
	30
	NA
	90%

	Coal chemical CCS
	
	
	30
	NA
	90%

	Electrolysis
	
	electricity
	40
	7
	97%

	Natural gas steam reforming
	
	gas
	40
	NA
	90%

	Natural gas steam reforming CCS
	
	
	40
	NA
	90%

	Thermal splitting
	
	nuclear
	40
	7
	90%

	Electrolysis
	
	solar
	40
	7
	50%

	Electrolysis
	
	wind
	40
	7
	50%

	Electrolysis
	Forecourt production
	electricity
	20
	7
	86%

	Natural gas steam reforming
	
	gas
	20
	NA
	86%




S6.3. [bookmark: _Toc103347166][bookmark: _Hlk101687062]Cost evolution of hydrogen production technology
Table S11 Cost evolution of hydrogen production technology from 2020 to 2060 (Unite: $/GJ) 
	Technology
	2020
	2025
	2030
	2035
	2040
	2045
	2050
	2055
	2060

	Biomass to H2
	7.11 
	7.03 
	6.90 
	6.79 
	6.81 
	6.80 
	6.76 
	6.72 
	6.67 

	Biomass to H2 CCS
	20988.10 
	20758.00 
	20803.40 
	20579.70 
	20360.80 
	20365.40 
	20153.30 
	19945.60 
	19995.10 

	Coal chemical
	4.11 
	4.06 
	4.03 
	3.97 
	3.92 
	3.87 
	3.83 
	3.79 
	3.76 

	Coal chemical CCS
	19170.60 
	18976.30 
	18992.30 
	18803.60 
	18618.70 
	18607.40 
	18428.20 
	18252.40 
	18245.60 

	Electrolysis
	20.95 
	20.34 
	18.87 
	17.73 
	17.31 
	17.13 
	16.99 
	16.77 
	16.54 

	Natural gas steam reforming
	3.57 
	3.66 
	3.63 
	3.66 
	3.76 
	3.85 
	3.99 
	4.08 
	4.10 

	Natural gas steam reforming CCS
	8909.44 
	8828.80 
	8858.83 
	8779.89 
	8715.26 
	8732.77 
	8669.56 
	8594.82 
	8625.17 

	Thermal splitting
	7.30 
	7.31 
	7.32 
	7.33 
	7.35 
	7.37 
	7.39 
	6.56 
	5.72 

	Electrolysis
	7.40 
	6.42 
	4.94 
	3.83 
	3.46 
	3.37 
	3.27 
	3.18 
	3.09 

	Electrolysis
	9.44 
	8.66 
	7.38 
	6.44 
	6.16 
	6.15 
	6.12 
	5.99 
	5.81 

	Electrolysis
	24.83 
	24.11 
	22.57 
	21.31 
	20.77 
	20.48 
	20.23 
	19.89 
	19.57 

	Natural gas steam reforming
	13.91 
	14.13 
	13.84 
	13.77 
	13.95 
	14.06 
	14.31 
	14.33 
	14.04 


Data Source: Reference 24,25

S6.4. [bookmark: _Toc103347167][bookmark: _Hlk101635049]Cost evolution of road transport technology
[bookmark: _Hlk101689512]Table S12 Cost evolution of different road transport technology from 2020 to 2060 (Unite: $/vehicle*km)
	Sector
	Scenario
	Subsector
	Technology
	2020
	2025
	2030
	2035
	2040
	2045
	2050
	2055
	2060

	LDV
	BAU
	Mini Car
	BEV
	0.096
	0.087
	0.078
	0.069
	0.069
	0.069
	0.068
	0.068
	0.068

	
	
	Mini Car
	FCEV
	0.109
	0.099
	0.089
	0.079
	0.079
	0.079
	0.079
	0.079
	0.079

	
	
	Subcompact Car
	BEV
	0.156
	0.140
	0.124
	0.107
	0.107
	0.106
	0.105
	0.105
	0.105

	
	
	Subcompact Car
	FCEV
	0.157
	0.144
	0.131
	0.118
	0.117
	0.117
	0.117
	0.117
	0.117

	
	
	Compact Car
	BEV
	0.233
	0.215
	0.197
	0.179
	0.178
	0.177
	0.176
	0.175
	0.175

	
	
	Compact Car
	FCEV
	0.242
	0.223
	0.204
	0.185
	0.184
	0.183
	0.183
	0.183
	0.183

	
	
	Multipurpose Vehicle
	BEV
	0.206
	0.205
	0.203
	0.202
	0.202
	0.201
	0.200
	0.196
	0.192

	
	
	Multipurpose Vehicle
	FCEV
	0.162
	0.164
	0.166
	0.167
	0.168
	0.170
	0.172
	0.171
	0.170

	
	
	Large Car& SUV
	BEV
	0.390
	0.360
	0.329
	0.299
	0.298
	0.296
	0.294
	0.294
	0.293

	
	
	Large Car& SUV
	FCEV
	0.378
	0.359
	0.340
	0.313
	0.308
	0.304
	0.308
	0.308
	0.308




	Sector
	Scenario
	Subsector
	Technology
	2020
	2025
	2030
	2035
	2040
	2045
	2050
	2055
	2060

	Truck
	BAU
	Heavy Truck
	BEV
	0.530
	1.400
	2.270
	3.139
	4.009
	4.878
	5.748
	6.617
	7.487

	
	
	Heavy Truck
	FCEV
	0.739
	0.739
	0.739
	0.739
	0.739
	0.739
	0.739
	0.739
	0.739

	
	
	Middle Truck
	BEV
	0.508
	1.342
	2.175
	3.008
	3.842
	4.675
	5.508
	6.342
	7.175

	
	
	Middle Truck
	FCEV
	0.708
	0.708
	0.708
	0.708
	0.708
	0.708
	0.708
	0.708
	0.708

	
	
	Light Truck
	BEV
	0.610
	1.610
	2.610
	3.610
	4.610
	5.610
	6.610
	7.610
	8.610

	
	
	Light Truck
	FCEV
	0.850
	0.850
	0.850
	0.850
	0.850
	0.850
	0.850
	0.850
	0.850

	
	1.5°C&CN
	Heavy Truck
	BEV
	0.530
	0.374
	0.317
	0.261
	0.229
	0.197
	0.165
	0.165
	0.165

	
	
	Heavy Truck
	FCEV
	0.739
	0.417
	0.330
	0.243
	0.212
	0.180
	0.148
	0.148
	0.148

	
	
	Middle Truck
	BEV
	0.508
	0.358
	0.304
	0.250
	0.220
	0.189
	0.158
	0.158
	0.158

	
	
	Middle Truck
	FCEV
	0.708
	0.400
	0.317
	0.233
	0.203
	0.172
	0.142
	0.142
	0.142

	
	
	Light Truck
	BEV
	0.610
	0.430
	0.365
	0.300
	0.263
	0.227
	0.190
	0.190
	0.190

	
	
	Light Truck
	FCEV
	0.850
	0.480
	0.380
	0.280
	0.243
	0.207
	0.170
	0.170
	0.170



	Sector
	Scenario
	Subsector
	Technology
	2020
	2025
	2030
	2035
	2040
	2045
	2050
	2055
	2060

	Bus
	BAU
	Heavy Bus
	BEV
	1.083
	1.083
	1.083
	1.083
	1.083
	1.083
	1.083
	1.083
	1.083

	
	
	Heavy Bus
	FCEV
	1.289
	1.289
	1.289
	1.289
	1.289
	1.289
	1.289
	1.289
	1.289

	
	
	Light Bus
	BEV
	0.967
	0.967
	0.967
	0.967
	0.967
	0.967
	0.967
	0.967
	0.967

	
	
	Light Bus
	FCEV
	1.151
	1.151
	1.151
	1.151
	1.151
	1.151
	1.151
	1.151
	1.151

	
	1.5°C&CN
	Heavy Bus
	BEV
	1.083
	0.934
	0.672
	0.659
	0.646
	0.633
	0.633
	0.633
	0.633

	
	
	Heavy Bus
	FCEV
	1.289
	1.112
	0.800
	0.659
	0.587
	0.551
	0.551
	0.541
	0.537

	
	
	Light Bus
	BEV
	0.967
	0.834
	0.600
	0.588
	0.577
	0.565
	0.565
	0.565
	0.565

	
	
	Light Bus
	FCEV
	1.151
	0.992
	0.714
	0.588
	0.524
	0.492
	0.492
	0.483
	0.479


Data Source: 25,26


S6.5. [bookmark: _Toc103347168]Market share of fuel cell technologies in industry energy and CHP use area
There is currently no statistic about the fuel cells type in industry energy and CHP use area. this study collects historical shipment and megawatts data of the fuel cells by type from E4Tech report27, and provides a market share estimate worthy of reference in this area.
[image: 图片包含 图表
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[bookmark: _Hlk101635372]Figure S13 Market share of fuel cell technologies in industry energy and CHP use

S6.6. [bookmark: _Toc103347169][bookmark: _Hlk101635292]Lifetime setting of Pt-containing hydrogen equipment
Table S13 Lifetime setting of Pt-containing hydrogen equipment
	Sector
	Subsector
	General
	Extended

	
	
	Plant Lifetime (year)
	Stack Lifetime (year)
	Plant Lifetime (year)
	Stack Lifetime (year)

	Industry energy use & CHP
	hydrogen
	20
	10
	20
	15

	
	hydrogen
	20
	10
	20
	15

	LDV
	Compact Car
	15
	8
	15
	10

	
	Large Car and SUV
	15
	8
	15
	10

	
	Mini Car
	15
	8
	15
	10

	
	Multipurpose Vehicle
	15
	8
	15
	10

	
	Subcompact Car
	15
	8
	15
	10

	Truck
	Light Truck
	15
	8
	15
	10

	
	Middle Truck
	15
	8
	15
	10

	
	Heavy Truck
	15
	8
	15
	10

	Bus
	Heavy Bus
	15
	8
	15
	10

	
	Light Bus
	15
	8
	15
	10

	H2 Production
	Electrolysis
	20
	7
	20
	10


Note: Extended stack life time are collected from literature 28,29.

S6.7. [bookmark: _Toc103347170][bookmark: _Hlk101635885]Recycling patterns for key hydrogen energy infrastructure
[bookmark: _Hlk101635718]Table S14 Recycling patterns for key hydrogen energy infrastructure
	Sector
	Subsector
	Recycling Pattern

	Industry energy use & CHP
	hydrogen
	Closed-Loop

	
	hydrogen
	

	H2 Production-Electrolysis
	H2 central production
	

	
	H2 central production
	

	
	H2 central production
	

	
	H2 forecourt production
	Open-Loop

	LDV
	Compact Car
	

	
	Large Car and SUV
	

	
	Mini Car
	

	
	Multipurpose Vehicle
	

	
	Subcompact Car
	

	Truck
	Light Truck
	

	
	Middle Truck
	

	
	Heavy Truck
	

	Bus
	Heavy Bus
	

	
	Light Bus
	




S6.8. [bookmark: _Toc103347171]Parament settings of different recycling patterns
Table S15 Parament settings of different recycling patterns
	Recycling Indicator
	General
	Enhancement

	
	Closed
-loop
	Open
-loop
	Closed
-loop
	Open
-loop

	CR15,30,31
	100.0%
	70.0%
	100.0%
	99.0%

	Recovery rate32
	78.0%
	78.0%
	95.0%
	95.0%

	EOL-RR
	78.0%
	54.6%
	95.0%
	94.1%


Note31:
1. CR is the abbreviation of old scrap collection rate, and describes the amount of the end-of -life metals which is collected and sent to the recycling chain.
2. Recovery rate is also known as recycling process efficiency rate, and describe the efficiency in the given recycling process.
3. EOL-RR is the abbreviation of end-of-life recycling rate, and refers to functional recycling, and includes recycling as a pure metal and as an alloy.
4. The relationship between these three variables are as follows:
EOL-RR = CR × Recovery rate.


S6.9. [bookmark: _Toc103347172]Pt intensity evolution of key hydrogen technologies
Pt intensities of those hydrogen technologies are collected from extensive literature review16,28,33–35. The evolution of Pt intensity of PEM electrolyser was collected from NREL36. For PEMFC, its Pt intensity during 2020-2060 is assumed to follow the trajectory calibrated by Ministry of Industry and Information Technology of China8,37,38. For PAFC, its Pt intensity was 19 times that of PEMFC in the same year39,40. This study assumed the same ratio between Pt intensity of PAFC and that of PEMFC throughout the study period.
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[bookmark: _Hlk101636028]Figure S14 Pt intensity evolution of key hydrogen technologies
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Impacts of four Pt material efficiency improvement measures under the CN scenario.
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Impacts of four Pt material efficiency improvement measures under the 1.5°C scenario.
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Impacts of four Pt material efficiency improvement measures under the BAU scenario.
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