Supplementary Information
1. Embodied Oil Content of Technologies
As discussed in Methods for some of the technologies covered (e.g., Solar PV, wind turbines, lithium-ion batteries), multiple data points for embodied oil content are available for different sizes, types, production locations, and chemistries of those technologies. These differences can be substantial (Figs. SM1-3). For example, based on Ecoinvent data, onshore wind turbines have oil requirements 150% greater than offshore (predominantly due to assumed requirements for road development) (Fig. SM1). Since the IEA scenarios lack the necessary disaggregation between technology types and battery chemistries, we simplify by selecting single technology choices where differences in oil requirements occur. For example, we make the simplifying assumption that all wind deployment is onshore, with the oil requirement based on 4.5 MW turbines. Similarly, we assume all lithium-ion batteries utilize lithium-iron-phosphate cathode chemistry. Full details of these assumptions are given in Table SM1. 

Figure SM1. Oil content of onshore wind turbines and solar PV panels across different specifications. Source: Ecoinvent.


Figure SM2. Oil content of lithium-ion batteries by chemistry. Source: Ecoinvent.

Figure SM3. Oil content of transmission and distribution. Source: Ecoinvent.


Table SM1. Assumed specifications of technologies.
	Technology
	Assumed specifications

	Solar PV panels
	570 kW multi-Si on open ground

	Wind turbines
	4.5 MW onshore

	Nuclear
	1000-MW-pressure water reactor

	Hydroelectricity 
	Reservoir non-alpine regions

	Bioenergy
	Heat and power co-generation, Rankine cycle, 1000 kW electrical

	Concentrated Solar Power
	Solar thermal parabolic trough, 50 MW

	Geothermal
	5.5 MW plant

	Coal with CCS
	500 MW plant

	Gas with CCS
	10 MW 

	High-voltage transmission 
	High-voltage construction in Canada

	Low-voltage distribution
	Distribution network construction, low voltage

	Electric car and truck batteries
	Li-ion LFP battery production in China

	Electric car glider and drivetrain
	Electric passenger car production in China

	Electric vehicle chargers
	EV charger weighing 6.2 kg produced by Brusa

	Electrolyzers
	PEM 100 kW system

	Stationary batteries
	Li-ion LFP battery production in China



2. Scenario and Technology Assumptions
For the scenario-level analysis we draw technology deployment assumptions from the IEA’s net zero scenarios1. We utilize both their net-zero scenario (NZE) and their alternative with lower deployment levels of CCS and nuclear for electricity generation (and hence higher renewable deployment (LCC).  We show the assumed deployment of the technologies covered (renewables and energy storage) over time in Figs. SM4-9.


Figure SM4. Installed renewable, nuclear, and CCS capacity in the NZE scenario.1


Figure SM5. Installed renewable, nuclear, and CCS capacity in the LCC scenario. 1

Figure SM6. Installed battery capacity by vehicle type under the NZE scenario. 1


Figure SM7. Annual transmission construction under the NZE scenario. 1


Figure SM8. Solar PV and wind turbine deployment across the NZE and LCC scenarios. 1

Figure SM9. Stationary battery and electrolyzer deployment across the NZE and LCC scenarios. 1
For some technologies, the deployment metrics in the IEA scenarios do not align with the relevant oil requirements metrics; therefore, additional assumptions are necessary. Specifically, IEA (2021)1 reports vehicle battery deployment in terms of kilowatt-hours (kWh). Thus, assumptions on battery size were required to convert these into the number of vehicles (for passenger cars). An average battery size of 84 kWh per passenger vehicle was assumed based on data from BNEF2. Additionally, IEA (2021)1 reports transmission and distribution as a total length. An assumed split is made between high and low voltage.
A critical factor in determining the embodied oil requirements across scenarios is the predicted lifetime of the technologies deployed. This defines how often technologies need to be replaced to meet the required installed capacities. One key challenge in estimating these parameters is that these technologies are in constant development, with changes in design, chemical compositions, and utilization. Also, the mass deployment of solar panels, wind turbines, and EVs is only in its infancy, and, thus, the actual lifetime of these technologies across geographies and climatic conditions is still being determined. 
To capture these elements, we use the predicted lifetimes embedded in the Ecoinvent database as a baseline for the relevant technologies. However, to capture the uncertainty in this factor, we also present results from two other scenarios – one where lifetimes are shorter (from 14% to over 40%, depending on the technology), and one where lifetimes are longer (from 14% to 50%, depending on the technology). 
Assumed specifications for the technologies covered are given in Table SM2.
Table SM2. Assumed lifetimes of technologies.
	Technology
	Baseline (years)
	Shorter lifetime scenario (years)
	Longer lifetime scenario (years)

	Solar PV panels
	15
	10
	20

	Wind turbines
	15
	10
	20

	Nuclear
	40
	30
	60

	Hydroelectricity 
	80
	50
	100

	Bioenergy
	20
	15
	25

	Bioenergy with CCS
	20
	15
	25

	Concentrated Solar Power
	30
	20
	40

	Geothermal
	30
	20
	40

	Coal with CCS
	35
	20
	50

	Gas with CCS
	10
	8
	12

	High-voltage transmission 
	20
	15
	25

	Low-voltage distribution
	20
	15
	25

	Electric car and truck batteries
	7
	6
	8

	Electric car glider and drivetrain
	7
	6
	8

	Electric vehicle chargers
	7
	6
	8

	Electrolyzers
	7
	6
	8

	Stationary batteries
	7
	6
	8




3. LFP Batteries and HV Transmission Oil Requirements Disaggregation
LFP Batteries
The main embodied oil requirements for LFP batteries are in the production of the battery cells themselves (71%), split between anode (41%) and cathode production (15%), and also aluminum production (14%) (Figure SM10). Smaller volumes are needed in the packaging of the battery (6%) and the battery separator (2%). In the cathode and anode supply chains, the main requirements for oil are within the supply chains for lithium and synthetic graphite.  
Petroleum coke represents the largest volume of oil-based materials for LFP battery production (80%) (Figure SM11). The majority of this petroleum coke is used within the production processes of synthetic graphite for use in the anodes of the batteries, with calcined petroleum coke used as the primary feedstock for the production of synthetic graphite. Smaller volumes of petroleum coke are required for the production of anodes for aluminum production. Carbon black is also required for both cathode and anode production, and is primarily used to improve conductivity in the battery. Petrochemicals, predominantly ethylene glycol used as a solvent and a reducing agent in battery production, represent 3% of oil requirements. Plastics account for the remaining 6%,  predominantly polyethylene used directly in the battery itself, and they are also required for a range of components, including the battery module packaging and the battery separator.
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Figure SM10. Flow of oil through the supply chain of materials for LFP batteries.



Figure SM11. Disaggregation of oil-based materials for LFP battery production.
HV Transmission
The construction of high-voltage transmission requires approximately 230 barrels of embodied oil per kilometer. This oil is required for aluminum production (26%) for the cables, along with steel (13%) for the towers, copper for the cables (7%), and concrete (6%) for the foundations. A total of 20% is required in the form of lubricating oil (Figure SM12).
A total of 40% of oil requirements is embodied in oil-based materials (lubricating oil and petroleum coke), while 11% is spread across unallocated oil (such as ferronickel, which is required for low-alloyed steel production). A total of 32% is currently required for transportation, mainly for moving crushed gravel (65%), but also within the steel, aluminum, and concrete supply chains, while 10% is needed for heat (in alumina and copper production), 3% for electricity, and 3% for other infrastructure and processes.     

[image: ]
 Figure SM12. Disaggregation of oil-based materials for HV transmission production.
The majority of oil-based materials required for the construction of high-voltage transmission are lubricating oil (55%), used for electrical insulation and thermal management, and petroleum coke and pitch (34% and 9%, respectively), which are used in anodes for aluminum production (Figure SM13). Plastics such as PVC play a much smaller role, accounting for less than 1% of oil consumption. 

Figure SM13. Disaggregation of oil-based materials for HV transmission production.
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Installed capacity (GW)




2/3 wheelers	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	0.44500000000000001	0.61549999999999994	0.78599999999999992	0.95649999999999991	1.1269999999999998	1.2974999999999999	1.468	1.6385000000000001	1.8090000000000002	1.9795000000000003	2.15	2.2934999999999999	2.4369999999999998	2.5804999999999998	2.7239999999999998	2.8674999999999997	3.0109999999999997	3.1544999999999996	3.2979999999999996	3.4414999999999996	3.5849999999999995	3.7284999999999995	3.8719999999999994	4.0154999999999994	4.1589999999999998	4.3025000000000002	4.4460000000000006	4.589500000000001	4.7330000000000014	4.8765000000000018	5.0199999999999996	Buses	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	6.9000000000000006E-2	0.19210000000000002	0.31520000000000004	0.43830000000000002	0.56140000000000001	0.6845	0.80759999999999998	0.93069999999999997	1.0538000000000001	1.1769000000000001	1.3	1.6619999999999999	2.024	2.3860000000000001	2.7480000000000002	3.1100000000000003	3.4720000000000004	3.8340000000000005	4.1960000000000006	4.5580000000000007	4.9200000000000008	5.2820000000000009	5.644000000000001	6.0060000000000011	6.3680000000000012	6.7300000000000013	7.0920000000000014	7.4540000000000015	7.8160000000000016	8.1780000000000008	8.5399999999999991	Cars and vans	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	0.39500000000000002	2.6655000000000002	4.9359999999999999	7.2065000000000001	9.4770000000000003	11.7475	14.018000000000001	16.288499999999999	18.558999999999997	20.829499999999996	23.1	28.745000000000001	34.39	40.035000000000004	45.680000000000007	51.32500000000001	56.970000000000013	62.615000000000016	68.260000000000019	73.905000000000015	79.550000000000011	85.195000000000007	90.84	96.484999999999999	102.13	107.77499999999999	113.41999999999999	119.06499999999998	124.70999999999998	130.35499999999999	136	Heavy trucks	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	2.8700000000000002E-3	0.20158300000000001	0.40029599999999999	0.59900900000000001	0.79772200000000004	0.99643500000000007	1.1951480000000001	1.393861	1.5925739999999999	1.7912869999999999	1.99	3.6654999999999998	5.3409999999999993	7.0164999999999988	8.6919999999999984	10.367499999999998	12.042999999999997	13.718499999999997	15.393999999999997	17.069499999999998	18.744999999999997	20.420499999999997	22.095999999999997	23.771499999999996	25.446999999999996	27.122499999999995	28.797999999999995	30.473499999999994	32.148999999999994	33.824499999999993	35.5	
Installed battery capacity (TWh)




2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	4.4160000000000004	4.4160000000000004	4.4160000000000004	4.4160000000000004	4.4160000000000004	4.4160000000000004	6.42	6.42	6.42	6.42	6.42	6.42	6.42	6.42	6.42	6.42	5.8789999999999996	5.8789999999999996	5.8789999999999996	5.8789999999999996	5.8789999999999996	5.8789999999999996	5.8789999999999996	5.8789999999999996	5.8789999999999996	5.8789999999999996	
Annual construction (million km)



NZE	Solar PV	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	2.1320000000000001	2.6966000000000001	3.2611999999999997	3.8257999999999996	4.3903999999999996	4.9550000000000001	5.5993999999999993	6.2437999999999994	6.8881999999999985	7.5325999999999986	8.1769999999999996	8.7376000000000005	9.2982000000000014	9.8588000000000005	10.419400000000001	10.98	11.407	11.834	12.260999999999999	12.688000000000001	13.115	13.383599999999999	13.652200000000001	13.920800000000002	14.189400000000001	14.458	NZE	Wind	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	1.425	1.7604000000000002	2.0958000000000001	2.4312000000000005	2.7666000000000004	3.1019999999999999	3.4769999999999999	3.8519999999999999	4.2270000000000003	4.6020000000000003	4.9770000000000003	5.2866	5.5962000000000005	5.905800000000001	6.2154000000000016	6.5250000000000004	6.7489999999999997	6.9729999999999999	7.1970000000000001	7.4210000000000003	7.6449999999999996	7.7690000000000001	7.8929999999999998	8.0169999999999995	8.141	8.2650000000000006	LCC	Solar PV	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	3.4845000000000002	4.0339999999999998	4.5834999999999999	5.133	5.6825000000000001	6.2320000000000002	6.8798999999999992	7.5277999999999992	8.1756999999999991	8.823599999999999	9.4714999999999989	10.119399999999997	10.767299999999997	11.415199999999997	12.063099999999997	12.710999999999997	13.358899999999997	14.006799999999995	14.654699999999995	15.302599999999995	15.950499999999995	16.598399999999994	17.246299999999994	17.894199999999998	18.542099999999998	19.190000000000001	LCC	Wind	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	2.2484999999999999	2.5498000000000003	2.8511000000000002	3.1524000000000005	3.4537000000000009	3.7549999999999999	4.0934499999999998	4.4318999999999997	4.7703499999999996	5.1087999999999996	5.4472499999999995	5.7856999999999985	6.1241499999999984	6.4625999999999983	6.8010499999999983	7.1394999999999982	7.4779499999999981	7.816399999999998	8.1548499999999979	8.4932999999999979	8.8317499999999978	9.1701999999999995	9.5086499999999994	9.8471000000000011	10.185550000000001	10.523999999999999	
Installed capacity (TW)




NZE	Battery capacity (GW)	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	18	74.7	131.4	188.10000000000002	244.8	301.5	358.2	414.9	471.59999999999997	528.29999999999995	585	727	869	1011	1153	1295	1437	1579	1721	1863	2005	2114.1999999999998	2223.3999999999996	2332.5999999999995	2441.7999999999993	2550.9999999999991	2660.1999999999989	2769.3999999999987	2878.5999999999985	2987.7999999999984	3097	NZE	Electrolysers	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	0	84.6	169.2	253.79999999999998	338.4	423	507.6	592.20000000000005	676.80000000000007	761.40000000000009	846	983	1120	1257	1394	1531	1668	1805	1942	2079	2216	2353	2490	2627	2764	2901	3038	3175	3312	3449	3586	LCC	Battery capacity (GW)	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	18	92.6	167.2	241.79999999999998	316.39999999999998	391	465.6	540.20000000000005	614.80000000000007	689.40000000000009	764	913.55	1063.0999999999999	1212.6499999999999	1362.1999999999998	1511.7499999999998	1661.2999999999997	1810.8499999999997	1960.3999999999996	2109.9499999999998	2259.5	2409.0500000000002	2558.6000000000004	2708.1500000000005	2857.7000000000007	3007.2500000000009	3156.8000000000011	3306.3500000000013	3455.9000000000015	3605.4500000000016	3755	LCC	Electrolysers	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	0	147.30000000000001	294.60000000000002	441.90000000000003	589.20000000000005	736.5	883.8	1031.0999999999999	1178.3999999999999	1325.6999999999998	1473	1680	1887	2094	2301	2508	2715	2922	3129	3336	3543	3750	3957	4164	4371	4578	4785	4992	5199	5406	5613	
Installed capacity (GW)






Petroleum Products - Petroleum coke 	Petroleum Products  - carbon black	Petroleum Products - Pitch	Petrochemicals - ethylene glycol	Plastic - Polyethylene	Plastic - Polyvinylfluoride	Plastic - Polyethylene terephthalate	Plastic - latex	Other	0.80431486360545668	6.427091625273848E-2	3.9596511577586209E-2	3.1395526445475525E-2	4.304607441742575E-2	7.2414895638297566E-3	5.1485411777555442E-3	5.1993106763051685E-3	-2.1323371657322454E-4	

Petroleum Products - Lubricating Oil	Petroleum Products - Petroleum Coke	Petroleum Products - Pitch	Petroleum Products - Mastic Asphalt	Plastic - PVC	3820.7073786994943	2380.713781322158	648.77191615423362	78.682550010968924	4.9737066364505083	
Oil	4.5 MW	2.3 MW	2 MW	0.75 MW	570 kW multi si open ground	3kW multi si flat roof	3kW multi si slanted roof	3kW mult si façade 	Onshore wind	Solar PV	553.22543560230474	423.67751557725819	426.50544857456805	752.57933676880896	892.07595813572107	956.21931852925729	865.43666394196885	860.28100322735111	
Barrels of oil per MW capacity



Oil	LFP	NMC811	NMC111	NCA	3.1781951002360516	5.0118939853700244	5.8566948836662265	5.4330609528255884	
Barrels of oil per vehicle battery



Oil	High Voltage (Switzerland)	High Voltage (Canada)	Medium Voltage	Low Voltage	79.44357465157394	233.82017292424456	38.565196200011016	37.603151504573319	
Barrels of oil per km
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