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This document contains the Supplementary Information for the article “Equity and negative emissions”, which includes two main sections. The first, named “Supplementary methods”, describes a burden-sharing rule that provides carbon dioxide removal (CDR) quotas derived from equity principles on a per-capita basis (instead of on an absolute basis, as derived in the main manuscript), together with the Multi-criteria voting approach that can be used to blend these principles. The second, entitled “Supplementary results”, provides: (i) the CDR quotas derived from the Multi-criteria approach; (ii) the CDR quotas for the 28 European countries, also presented in Fig.1 of the main manuscript but discussed here in more detail; (iii) the CDR quotas for the UNFCCC parties obtained with the new burden-sharing rule derived on a per-capita basis; (iv) the results of the feasibility analysis of the allocation of per-capita quotas; and finally (v) a discussion of the main limitations of our study.
Supplementary methods
Cumulative CDR quotas allocated on a per-capita basis
In the main manuscript, we present a burden-sharing rule to allocate the global  cumulative CDR among  the UNFCCC countries based on three control variables, each linked to a different equity principle – Responsibility, Capability and Equality – (see equation (1) in the main manuscript, replicated here to facilitate the discussion):
	
	(1)


In this equation,  is the cumulative CDR quota by 2100 for country i according to principle p (expressed in [Mt CO2]),  is the value of the control variable of country i (i’) for principle p as a function of time (expressed in principle-dependant [units]), and  is the global yearly CDR as a function of time (in [Mt CO2/yr]).
As acknowledged in the literature, the way equity principles are implemented plays a major role in the final quotas, sometimes offsetting differences across principles themselves1–4. To illustrate this, we next apply the same equity principles to allocate CDR quotas, but this time we use a different burden-sharing rule that allocates country CDR shares on a per-capita basis rather than in absolute terms. To this end, various adjustments need to be introduced in Supplementary equation (1), ultimately yielding Supplementary equation (2). Specifically, we first replace the global annual CDR quota () by the per-capita annual quota, as given by the ratio between  and  (the latter corresponding to the UNFCCC countries’ population as a function of time). Multiplying this number by the country share in terms of the corresponding control variable (), yields a quota in terms of per-capita emissions; this number needs to be scaled considering the population of the country assessed () in order to provide a quota in terms of absolute CDR (i.e., in [Mt CO2]). Finally, scalar  is used to guarantee that the total cumulative CDR matches the global cumulative CDR quota at every time instant (see Supplementary equation (3)). The use of this scalar, which does not depend on the country, is inspired by the seminal work by den Elzen et al.5.
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	(3)


Note that control variables (and, therefore, country shares) in Supplementary equation (2) are exactly the same as those used in equation (1) for the allocation of absolute negative emissions (see equations (2)-(4) in the main manuscript). The only difference of this approach is that, in Supplementary equation (2), country shares are enforced on a per-capita (rather than absolute) CDR basis. The same data sources and assumptions as described in the main manuscript are employed here. More precisely, integrals are solved numerically via the chained trapezoidal rule, where the population from the previous revision year is used at each integral step.
Multi-criteria cumulative CDR quotas
Multiple equity criteria can be combined to derive a single stand-alone country quota ()2,6–8. Without loss of generality, we propose to determine such quota by assigning weights () to each of the three equity principles considered:
	
	(4)


The final CDR shares allocated to each country will ultimately depend on the weight values, which should be agreed by the different parties. As an illustrative case, we consider applying a voting system to define the weights, whereby each country will vote for one principle (equation 5), and weights will be given by the share of votes received by each principle (equation 6):
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	(6)


In these equations,  denotes the vote of country i to principle p. To assess the potential outcome of this voting system (as given in Supplementary Fig. 1), we further assume that each country would vote for the principle entailing the least CDR efforts for that specific country; in mathematical terms:
	
	(7)


Having established CDR quotas according to the different principles, including a Multi-criteria approach, the next step is to analyse whether countries would be able to meet their quotas by implementing domestic actions alone. 
Supplementary results
CDR quotas according to the Multi-criteria approach
In the main manuscript, we show that the application of three effort-sharing approaches based on the three equity principles considered -Responsibility, Capability and Equality- lead to different quotas assigned to each country with significant differences across countries and principles. Arguably, any burden-sharing approach should be unambiguous and provide a single meaningful quota. To embrace all the equity principles simultaneously, these can be blended into a stand-alone country quota using weighting factors2,6–8, which attempts to capture, to some extent, all of the individual fairness principles into a single approach. This was, for instance, the strategy followed by the European Commission to allocate the 20% target on the increase in the share of renewable energy sources among member countries, where prior efforts and ability-to-pay were weighted to derive the final quotas9. In practice, all member countries would need to agree on these weights, which, in the absence of further objective criteria, will inevitably be the result of a process of negotiation, where countries might be expected to advocate for the principle which suits them best (e.g., the one entailing the least CDR efforts for them)10,11. 
As an illustrative example of Multi-criteria approaches, we provide here the quotas that could arise from a voting system where higher weights would be given to those principles favouring (i.e., less demanding) the largest number of countries (see Supplementary Fig. 1 and further details of the calculations in the previous section). Following this approach, the Equality principle would receive the largest number of votes and, therefore, would be assigned the largest weight (98/176 ≈ 56%), as it would be the preferred choice for most of the countries. Consequently, the quotas given by the Multi-criteria approach would approach those of the Equality principle. In this case, seven countries, India (61.9 Gt CO2), China (47.5 Gt CO2), United States (23.1 Gt CO2), Nigeria (20.8 Gt CO2), Pakistan (12.6 Gt CO2), Indonesia (12.4 Gt CO2) and Japan (11.5 Gt CO2) would lead the mitigation efforts accounting for 28% of the total CDR required. Hence, the Multi-criteria approach would yield intermediate quotas lying in between those resulting from the distinct equity principles. Similarly, as with the application of single principles, a certain level of disparity across country quotas would emerge depending on the weights used. 
[image: ]
[bookmark: _Hlk30586533]Supplementary Fig. 1 | Cumulative CDR quotas by 2100 for the UNFCCC countries according to the Multi-criteria approach. Countries are coloured according to their quota so that the darker the shade, the larger the quota and the more CDR is need (countries in grey: no data available). Pie charts show the results aggregated on the five regions consistent with the IIASA SSP database12 (OECD: includes the OECD 90 and EU member states and candidates; REF: Countries from the Reforming Economies of Eastern Europe and the Former Soviet Union; ASIA: Asian countries with the exception of the Middle East, Japan and Former Soviet Union states; MAF: countries of the Middle East and Africa; LAM: Latin America and the Caribbean; see the list of countries in each region in Supplementary Table 2).
CDR quotas within the EU in absolute terms
[image: ]
Supplementary Fig. 2 | Cumulative CDR quotas by 2100 for each of the 28 European countries for the different equity principles. Map in subplot (a) shows Responsibility quotas, subplot (b) corresponds to Capability quotas, subplot (c) to Equality quotas and subplot (d) to Multi-criteria quotas based on voting. Countries are coloured according to their quota (the darker the shade, the larger the quota). The horizontal stacked bars at the bottom of each subplot provide the breakdown of the global CDR in EU, with countries sorted in ascending order of quotas. The top seven countries and the share they are responsible for are also depicted with labels. 
As discussed in the main manuscript, the application of the equity principles results in different cumulative CDR quotas allocated to each UNFCCC country in 2100. Given the expected key role that EU will play leading the efforts in climate change mitigation, we here replicate and further discuss the results presented in Fig. 1 in the main manuscript, focusing exclusively on the 28 European countries (Supplementary Fig. 2).
For the Responsibility principle, the EU would have to deliver jointly 265.5 Gt CO2 by 2100, which represents 38.6% of the global 687 Gt CO2 of CDR required13. Estonia, Luxembourg and Great Britain would lead CDR efforts (28% of the cumulative total), reaching 51% when adding Czech Republic, Belgium, Germany and the Netherlands. These countries present the highest carbon emissions intensities in Europe. For instance, the primary energy supply in Estonia has been always largely dependent on fossil resources, including coal, natural gas and a large share from oil shale.
The Capability principle leads to the highest overall CDR quota assigned to the EU (i.e., 325.1 Gt CO2). At the country level, wealthier countries would lead CDR efforts, with Luxembourg, Denmark and the Netherlands accounting for roughly 19% of cumulative CDR. As already discussed in the main manuscript, given the link between affluence and energy consumption14, one would expect Capability and Responsibility principles to lead to similar quotas. In practice, a mismatch is observed, where countries such as France would be assigned a 34% lower quota in the Responsibility principle (9.2 vs 14.0 Gt CO2) due to its early move towards low-carbon energy, shifting from a fossil-based mix in 1970 to a nuclear-based portfolio by 198515. Hence, again, the Responsibility principle applied in absolute terms would also favour countries taking early mitigation actions. 
Under the Equality principle, the EU would have to provide 32.9 Gt CO2, an amount almost 10 times smaller than with the Capability principle. Here, the most populous countries would be assigned most of the CDR efforts, with Great Britain, Germany, France and Italy being allocated more than 57% of cumulative CDR in 2100. In contrast, the least populous countries such as Malta, Estonia, Luxemburg, Latvia and Cyprus would contribute marginally (1.0% share altogether). This principle leads to the largest disparities in CDR quotas, found between Great Britain with 5.3 Gt CO2 and Malta with 0.03 Gt CO2.
As seen in Supplementary Fig.2, the three fairness principles lead to different quotas assigned to each EU country, with extreme cases such as Luxembourg, showing a Responsibility quota more than 461 times higher than the Equality one. To alleviate the divergence among principles, the quotas resulting from the three principles were combined according to the Multi-criteria approach (see section on Multi-criteria cumulative CDR quotas in this document for further details on the approach), finding that EU would have to remove collectively 154.3 Gt CO2. The weights derived from the voting approach would be 0.14, 0.31 and 0.55 for the Responsibility, Capability and Equality principles, respectively since Equality favours more counties. In this case, Luxemburg (10.9 Gt CO2), Germany (10.2 Gt CO2), UK (9.2 Gt CO2), France (8.3 Gt CO2), The Netherlands (8.0 Gt CO2), Italy (7.5 Gt CO2) and Denmark (7.3 Gt CO2) would lead the mitigation efforts accounting for 40% of the overall CDR allocated to the EU. In contrast, Bulgaria, Romania, Lithuania, Cyprus and Latvia would be assigned a minor quota (<3 Gt CO2 each and less than 8.3% in total). Hence, even in the Multi-criteria approach, a certain level of disparity across country quotas will still persist, as it was discussed previously for the alternative allocation. Enforcing additional equity principles might help to converge to an intermediate solution where weights will still play a role. In any case, populous and wealthy countries such as Great Britain, Germany or France would likely play a key role in the joint CDR delivered by the EU countries, regardless of the equity principle and sharing formula employed to allocate quotas. 
CDR quotas within the UNFCCC parties on per capita basis
As acknowledged in the main body of the manuscript, the quotas depend not only on the equity principles considered but also on the sharing rules or formulae used to implement them16. Below we show the results after allocating country shares on a per-capita basis instead of in absolute terms (as illustrated in Fig. 2 in the manuscript). 



[image: ]
Supplementary Fig. 3 | Cumulative CDR quotas by 2100 for the UNFCCC countries according to different equity principles allocated on a per-capita basis. Map in subplot (a) shows Responsibility quotas, subplot (b) corresponds to Capability quotas, subplot (c) to Equality quotas and subplot (d) to Multi-criteria quotas based on voting. Countries are coloured according to their quota so that the darker the shade, the larger the quota (countries in grey: no data available). Pie charts show the results aggregated on SPP World regions (OECD: includes the OECD 90 and EU member states and candidates; REF:  Countries from the Reforming Economies of Eastern Europe and the Former Soviet Union; ASIA: Asian countries with the exception of the Middle East, Japan and Former Soviet Union states; MAF: countries of the Middle East and Africa; LAM: Latin America and the Caribbean).
[bookmark: _Hlk23437497]Supplementary Fig. 3 shows the cumulative CDR quotas derived on a per-capita basis for each UNFCCC country. These were obtained from the alternative implementation of the equity principles based on a global per-capita annual quota. Despite relying on the same equity principles, this new sharing formula results in very different cumulative CDR quotas allocated to each country in 2100. Broadly speaking, with this sharing-approach based on a per-capita basis, populous regions/countries would be penalised, since they would have to provide higher cumulative CDR. For example, China presented CDR quotas on an absolute basis equal to 2.03, 1.90, 83.73 and 47.49 Gt CO2 for the Responsibility, Capability, Equality and Multi-criteria principles, respectively (Fig.1 in the main manuscript and Supplementary Fig. 1). Meanwhile, on a per-capita basis, those quotas would increase to 57.72, 64.77, 189.97 and 160.67 Gt CO2, respectively (Supplementary Fig. 3). In contrast, the EU28 would now present lower overall CDR quota. In particular, the CDR quota for EU would be 46% lower for the Responsibility principle (265.5 vs 122.2 Gt CO2), 55% lower for Capability (235.1 vs 180.3 Gt CO2), 9% lower for Equality (32.9 vs 2.9 Gt CO2), and 31% lower for Multi-criteria (154.3 vs 38.9 Gt CO2). Populous EU countries such as Germany, Great Britain, France or Italy would be penalised in the Responsibility and Capability principles, while CDR efforts required from less populous countries would be reduced (e.g., Luxemburg or Malta). 
A detailed assessment of the country-by-country CDR quotas allocated to the EU countries in absolute terms is included in the Supplementary Fig. 2 while Supplementary Table 1 shows the comparison between the CDR quotas derived in absolute terms and on a per-capita basis for the 28 European countries. Note that per-capita based quotas still lead to large disparities across principles, with extreme cases such as Luxembourg, where the Responsibility quota is more than 5730 times its Equality one. Hence, the outcome of the effort-sharing approaches can vary greatly depending on how the calculations are implemented, even when considering the same principles4. 
Supplementary Table 1 | Comparison between CDR absolute and per-capita quotas by 2100 (expressed in Gt CO2) for the European countries.
	
	Absolute
	Per-capita

	
	Res.
	Cap.
	Equ.
	Mult.
	Res.
	Cap.
	Equ.
	Mult.

	AUT
	9.94
	17.32
	0.58
	6.99
	1.97
	4.14
	0.01
	0.79

	BEL
	15.93
	14.54
	0.86
	7.11
	4.66
	5.13
	0.02
	1.15

	BGR
	5.70
	4.11
	0.33
	2.22
	0.63
	0.54
	0.00
	0.13

	CYP
	3.82
	7.07
	0.09
	2.74
	0.12
	0.27
	0.00
	0.05

	CZE
	17.91
	8.29
	0.65
	5.35
	3.95
	2.20
	0.01
	0.64

	DEU
	15.00
	17.17
	5.15
	10.18
	26.33
	36.28
	0.72
	8.07

	DNK
	9.65
	18.80
	0.44
	7.33
	1.46
	3.42
	0.01
	0.64

	ESP
	4.38
	13.45
	2.77
	6.27
	4.13
	15.20
	0.21
	2.80

	EST
	28.94
	7.17
	0.07
	6.19
	0.70
	0.21
	0.00
	0.08

	FIN
	7.67
	15.75
	0.41
	6.10
	1.06
	2.63
	0.00
	0.49

	FRA
	9.24
	14.03
	4.86
	8.27
	15.34
	28.10
	0.64
	5.94

	GBR
	18.98
	11.93
	5.25
	9.17
	34.02
	25.80
	0.75
	7.05

	GRC
	4.73
	12.92
	0.61
	4.95
	0.98
	3.18
	0.01
	0.57

	HRV
	3.11
	7.42
	0.21
	2.82
	0.22
	0.63
	0.00
	0.11

	HUN
	5.85
	6.63
	0.51
	3.12
	1.02
	1.38
	0.01
	0.29

	IRL
	6.28
	14.06
	0.41
	5.40
	0.87
	2.35
	0.00
	0.43

	ITA
	5.34
	15.71
	3.51
	7.50
	6.38
	22.56
	0.33
	4.19

	LTU
	4.89
	6.45
	0.15
	2.73
	0.25
	0.39
	0.00
	0.08

	LUX
	27.25
	23.22
	0.06
	10.87
	0.55
	0.56
	0.00
	0.13

	LVA
	3.94
	6.69
	0.09
	2.64
	0.12
	0.25
	0.00
	0.05

	MLT
	3.05
	8.43
	0.03
	3.02
	0.03
	0.09
	0.00
	0.02

	NLD
	12.05
	18.58
	1.16
	7.99
	4.78
	8.88
	0.04
	1.74

	POL
	9.65
	6.62
	1.92
	4.41
	6.27
	5.09
	0.10
	1.32

	PRT
	3.28
	11.44
	0.55
	4.26
	0.61
	2.53
	0.01
	0.44

	ROU
	4.61
	4.41
	1.00
	2.54
	1.57
	1.78
	0.03
	0.41

	SVK
	8.77
	7.61
	0.31
	3.70
	0.92
	0.95
	0.00
	0.22

	SVN
	4.92
	10.13
	0.12
	3.85
	0.21
	0.51
	0.00
	0.09

	SWE
	10.61
	15.15
	0.83
	6.56
	3.02
	5.19
	0.02
	1.03

	Total EU28
	265.50
	325.12
	32.93
	154.29
	122.17
	180.25
	2.92
	38.94



The results for the quotas are also shown aggregated in five regions consistent with the aggregation in the IIASA SSP database12 (pie charts in Fig. 1 and Supplementary Fig. 3). OECD region includes countries that were OECD members in 1990. REF region includes reforming economies, countries of Central and Eastern Europe and the Former Soviet Union. ASIA region includes Asian countries. MAF region includes the African (Sub-Saharan and North Africa) and Middle Eastern countries. LAM region includes Latin America and the Caribbean countries. Supplementary Table 1 shows the countries that are included in each region with acronyms corresponding to the officially assigned ISO3 code abbreviations.
Looking at the regional results derived on a per-capita basis (shown in pie charts in Supplementary Fig.3), we can see that according to the Responsibility and Capability principles most of the CDR effort would be carried out by the OECD countries (i.e., 57% and 63% respectively) with USA accounting for 231.23 and 158.88 Gt CO2. (i.e., one-third and one-fourth of the total CDR needed, respectively). In contrast, according to the Equality principle, most of the CDR would be provided by ASIA, with India and China removing 333.05 and 189.97 Gt CO2 respectively (i.e., more than three-thirds of the total CDR required). Moreover, the CDR quotas for the Latin American and Caribbean countries (i.e., LAM region) and the Middle-East and African countries (i.e., MAF region) would be small compared to those in the other regions.
Supplementary Table 2 | List of countries included in each region.
	OECD
	REF
	ASIA
	MAF
	LAM

	AUS
	ALB
	AFG
	DZA
	LBR
	ATG

	AUT
	ARM
	BGD
	AGO
	LBY
	ARG

	BEL
	AZE
	BTN
	BHR
	MDG
	BHS

	CAN
	BLR
	BRN
	BEN
	MWI
	BRB

	DNK
	BIH
	KHM
	BWA
	MLI
	BLZ

	FJI
	BGR
	CHN
	BFA
	MRT
	BOL

	FIN
	HRV
	IND
	BDI
	MUS
	BRA

	FRA
	CYP
	IDN
	CPV
	MAR
	CHL

	DEU
	CZE
	LAO
	CMR
	MOZ
	COL

	GRC
	EST
	MYS
	CAF
	NAM
	CRI

	ISL
	GEO
	MDV
	TCD
	NER
	CUB

	IRL
	HUN
	FSM
	COM
	NGA
	DMA

	ITA
	KAZ
	MNG
	COG
	OMN
	DOM

	JPN
	KGZ
	MMR
	CIV
	RWA
	ECU

	LUX
	LVA
	NPL
	COD
	STP
	SLV

	NLD
	LTU
	PAK
	DJI
	SAU
	GRD

	NZL
	MLT
	PNG
	EGY
	SEN
	GTM

	NOR
	POL
	PHL
	GNQ
	SYC
	GUY

	PRT
	MDA
	KOR
	ERI
	SLE
	HTI

	WSM
	ROU
	SGP
	ETH
	ZAF
	HND

	SLB
	RUS
	LKA
	GAB
	SDN
	JAM

	ESP
	SRB
	THA
	GMB
	SYR
	MEX

	SWE
	SVK
	VNM
	GHA
	TGO
	NIC

	CHE
	SVN
	
	GIN
	TUN
	PAN

	TON
	TJK
	
	GNB
	UGA
	PRY

	TUR
	MKD
	
	IRN
	ARE
	PER

	GBR
	TKM
	
	IRQ
	TZA
	KNA

	USA
	UKR
	
	ISR
	YEM
	LCA

	VUT
	UZB
	
	JOR
	ZMB
	VCT

	
	
	
	KEN
	
	SUR

	
	
	
	KWT
	
	TTO

	
	
	
	LBN
	
	URY

	
	
	
	LSO
	
	VEN


CDR quotas in per-capita basis vs domestic potential for the EU
[image: ]
Supplementary Fig. 4 | Comparison between the CO2 removal and storage potentials in each EU country and the quotas derived from the equity principles on per-capita basis. National CDR quotas for each principle derived on per-capita basis are depicted with different markers (circles for Responsibility, squares for Capability and triangles for Equality). The domestic CDR potential for each EU member state is given by the vertical bars, where the left-hand side stacked bars denote removal potential (i.e., energy crops, forestry and agricultural residues and reforestation plus DACCS), and the right-hand side stacked bars provide the CO2 storage potential (i.e., deep saline formations, depleted hydrocarbon fields and coal fields). Countries are sorted in increasing order of their natural domestic potential considering the most limiting factor between removal and storage (depicted by a horizontal red line). Aggregated EU potentials are also provided with pie charts, which follow the same colour code as the bars. Country labels in bold indicate sufficient CDR natural potential to meet per-capita quotas for all principles. Error bars depict the conservative and optimistic scenarios for both removal and storage potentials in each country (see Methods for details on the sensitivity analysis).
Limitations of the study
The main limitations of our study, which we believe do not affect the main insights and conclusions, are listed below.
· [bookmark: _Hlk30510106][bookmark: _Hlk30502480]In our work, following previous literature that strongly advocates for treating the carbon removal and mitigation targets separately17–19, we focus on allocating only the gross negative emissions. Managing CDR separately from mitigation and defining CDR quotas (“fair targets”) may encourage countries to deliver negative emissions in addition to rapid emissions reduction. Furthermore, allocating negative emissions separately today may help to avoid promises of future negative emissions contributions that would basically act as substitution of mitigation actions17,19,20. This separation could also help in the development of tailored policies for incentivising the deployment of CDR options, which would mitigate the risk of using CDR as an offset of mitigation actions. Note, however, that since the amount of CDR to be delivered is directly linked to the “positive emissions” (e.g., ongoing emissions, delayed mitigation actions, emission from hard-to-abate activities), the CDR allocation should be done together and simultaneously with the allocation of the gross positive emissions (i.e., emission reduction targets).  
· The selection of the effort-sharing approaches is a controversial topic, since it can be regarded as unfair if they are considered biased, for instance, in favour of wealthier countries over developing countries or vice-versa21. Without loss of generality, and recognizing the ethical importance of other equity notions, in our work we consider a set of the core equity principles, which are widely accepted in the international climate regime. In particular, our set of principles comprises three out of the four key equity categories contemplated in Chapter 4 of the AR5 IPPC report22, namely Responsibility, Capability and Equality. These three equity principles alone correspond to the three first (out of the six) key categories of effort-sharing approaches used by the IPCC and other authors4,22,23 while the following three categories correspond to  different combinations of these three principles. As an illustrative example of a combined approach, we also propose a Multi-criteria voting approach that blends the three equity approaches and could, therefore, prove useful to underpin negotiations among countries.
· In the comparison between the CDR quotas derived from the equity principles and the domestic potential of the countries, we consider a limited portfolio of CDR options comprising BECCS, reforestation and DACCS. To date, BECCS and reforestation/afforestation appear in most IAMS, while the contribution from DACCS is marginal. Other CDR options could be incorporated in the analysis when new data become available, which would increase the domestic potential of the countries. Due to scarce data, we restricted our study to the EU countries. This analysis, however, could be expanded to all the UNFCC parties when more data become available. 
· In our analysis, we only consider the potential of the CDR options to deliver negative emissions. In practice, however, there might be other limiting factors hindering their large deployment such as economic considerations, social acceptance, political interests or environmental side-effects, among others.
· In the calculations of the CDR potentials, it would be necessary to account for all the life cycle (greenhouse gas) emissions. The final amount of negative emissions achieved by the large-deployment of CDR engineering options should be computed on a life cycle basis (i.e., difference between negative and positive emissions considering all the stages in the life cycle of the captured CO2). According to Fajardy, M., et al (2017)24, for the case of BECCS, the positive emissions along the value chain (e.g., farming stage, pelleting phase or transportation) may represent 40- 60% of the total CO2 removed during the biomass growth.
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