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This document presents additional information to support the results of the main article. This supplementary material includes a comparison of the model results with selected IPCC Sixth Assessment Report (AR6) ensembles (section 1); and the ensembles results compared with  the parameters introduced (section 2).
 
1. IPCC Sixth Assessment Report ensembles comparison
In this article we utilize the IPCC Sixth Assessment Report (AR6) as a frame of reference for our 1.5ºC and 2.0ºC ensemble results. In the AR6, emissions scenarios are categorized by their probability of meeting specific temperature thresholds throughout the 21st century. Specifically, we focus on category 2 (C2) that represents pathways that return global warming to 1.5°C by 2100 with a median likelihood (>50%) after a high temporary overshoot, and category 3 (C3) that consists of pathways that are likely (>67%) to limit warming to below 2°C throughout the entire century. 
An overview of the deployment scale of carbon sequestration in the C2 and C3 scenarios can be assessed in Table 1, which summarizes the cumulative sequestration of selected technologies or group of technologies.










	Table 1 | Cumulative sequestration of selected technologies in C2 and C3 ensembles

	Ensemble
	Technology
	Cumulative
	Scenarios

	C2
	CCS total
	708.03[footnoteRef:1]*
 (550.56;1033.43) [1: * Hereafter, values are reported as median (Q1; Q3), where Q1 and Q3 correspond to the 25th (P25) and 75th (P75) percentiles, respectively, defining the interquartile range (IQR), which encompasses the central 50% of the distribution.] 

	131

	
	BECCS
	464.66
 (292.10;624.08)
	122

	
	A/R
	219.83
 (207.32;311.83)
	64

	
	Other CDR
	226.70
 (83.35; 340.13)
	24

	
	Combined 
	957.24
 (741.23;1148.34)
	133

	C3
	CCS total
	591.90
 (486.17;774.42)
	310

	
	BECCS
	291.83
 (244.88;412.39)
	294

	
	A/R
	206.76
 (75.55;214;51)
	120

	
	Other CDR
	120.23
 (14.50;199.05)
	91

	
	Combined
	842.49
 (611.04;981.21)
	310

	Note: “CCS total” encompass carbon capture and storage from fossil and biomass sources; bioenergy with carbon capture and storage (BECCS); “Other CDR” encompass biochar, enhanced weathering, and direct air capture; “Combined” encompass all carbon sequestration technologies; “Cumulative” is the estimation of cumulative sequestration between 2026 - 2100 in GtCO2; “Scenarios” column account for the frequency of the technology in the ensemble. Source: adapted from AR6 scenarios database35.





Figure 1 presents a comparative assessment of selected carbon sequestration technologies across 1.5°C and 2.0°C ensembles derived from the C2 and C3 scenario categories35. 
[image: ]
Figure 1 | Comparison of selected sequestration technologies. a, b, Boxplots (median, box P25-P75, whiskers P5-P95, and dashed lines with full range) of global selected carbon sequestration technologies in GtCO2yr-1 for the 1.5°C and 2.0°C (1,250 scenarios per ensemble), and C2 and C3 ensembles for the years 2050, 2070 and 2100 (left y-axis) and the respective cumulative (C) sequestration between 2026 and 2100 in GtCO2 (right y-axis). Categories include CCS total (carbon capture and storage from fossil and biomass sources), bioenergy with carbon capture and storage (BECCS), afforestation/reforestation (A/R), other carbon dioxide removal (CDR) comprised of biochar, enhanced weathering, and direct air capture, and the “Combined” aggregate. Results are shown for (a) comparison between 1.5°C and C2 ensembles and (b) comparison between 2.0°C and C3 ensembles.
Figure 2 presents a comparative assessment of primary energy sources across 1.5°C and 2.0°C ensembles derived from the C2 and C3 scenario categories35.
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Figure 2 | Comparison of primary energy. a, b, Boxplots (median, box P25-P75, whiskers P5-P95, and dashed lines with full range) in EJy-1 of global primary energy sources for the 1.5°C and 2.0°C (1,250 scenarios per ensemble), and C2 and C3 ensembles for the years 2030, 2050, 2070 and 2100. Primary energy categorized into fossil, biomass, renewables (representing non-biomass renewable sources), and nuclear. Results are shown for (a) comparison between 1.5°C and C2 ensembles and (b) comparison between 2.0°C and C3 ensembles.
[bookmark: _Hlk224635602]2. Carbon injection and geological storage utilization
In this section we present the results of carbon injection and geological storage utilization compared to the limits defined by the parameters introduced in the ensembles. Figure 3 illustrates the distribution of global CCS limits and carbon injection for the 1.5°C and 2.0°C ensembles. The results illustrated how our model prefers others technologies creating an increasing gap between maximum CCS limit and maximum scenario utilization that start to be more noticeable after 2050, although the median difference remained less extreme. 

[image: ]
Figure 3 | Global CCS capacity limits and injection for 1.5°C and 2.0°C ensembles. a, b, Time-series of global CCS capacity limits (blue) and injections in MtCO2yr-1 for 1.5°C (green) and 2.0°C (yellow) ensembles (1,250 scenarios per ensemble). Solid central lines represent the ensemble median; shaded areas denote the central 90% quantile range (P5-P95); bottom subpanels display the kernel density estimation (KDE) for emissions at the 2030, 2050, 2070, and 2100 milestones with lines and shaded areas in density curves representing the 100% quantile. Results are shown for the (a) 1.5ºC and (b) 2.0ºC ensembles.


The geological carbon injection by region for the 1.5ºC and 2.0ºC ensembles shown in Figure 4 quantify the annual injection relative to the regional carbon sequestration limits assigned within the individual scenarios. 

 
 
[image: ]
Figure 4 | Regional geological carbon injection rates. a, b, Boxplots (median, box P25-P75, and whiskers P5-P95) represent the distribution of the regional sequestration limit utilized in the years 2030, 2050, 2070, and 2100 per scenario. Results are shown for the (a) 1.5ºC and (b) 2.0ºC ensembles across all 18 regions.

Similarly, the geological carbon storage utilization in Figure 5 illustrates the total cumulative storage used between 2026 and 2100 as a percentage of the available geological capacity, within individual scenarios.
[image: ]
Figure 5 | Cumulative regional geological carbon storage utilization by 2100. a, b, Boxplots (median, box P25-P75, and whiskers P5-P95) represent regional distribution of cumulative carbon storage sequestered between 2026 to 2100 expressed as a percentage of total storage capacity per scenario. Results are shown for the (a) 1.5ºC and (b) 2.0ºC ensembles across all 18 regions. 
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