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Abstract 

The planetary boundaries define a safe operating space for humanity to act within without potentially 
destabilizing the planet. The safe operating space is often used a sustainability reference in Absolute 
Environmental Sustainability Assessments (AESAs) where a share of the safe operating space (SoSOS) is 
assigned to the assessed activity. An identified challenge, is that current methods are suited for 
business-to-consumer (B2C) industries and companies, but ill-suited for assessments of business-to-
business (B2B) as the sharing is often based on the direct value to humans. Thus, this study presents a 
systematic framework for assigning a SoSOS to both B2C and B2B industries and companies. The 
framework uses multi-region input-output models to link industries and estimate the direct and indirect 
value to humans for both B2B and B2C industries. The framework was tested in a case study for a B2B 
company to show its application and to evaluate the sensitivity of the framework towards different 
modelling choices. The results of the case study and sensitivity analysis was used to provide 
recommendations for further improvement of the framework. While there is still need for improvement 
and refinement, the framework shows large potential. Mainly because it directly facilitate AESA of B2B 
industries and companies to help gauging their environmental performance relative to absolute 
boundaries and, thus, provide better basis supporting strategic sustainability related activities. 

Keywords Absolute sustainability; Sharing principles; Distributive justice; Safe operating space; 
Downscaling; Organizational life-cycle assessment  
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1. Introduction 

Sustainability goes by many definitions. Ever since it was defined in the “Brundtland report” Our common 
future by the World Commission on Environment and Development in 1987, various understandings of 
sustainability have been proposed. Nevertheless, the three decade old definition of sustainable 
development – one that “…meets the needs of the current generations, without compromising the ability 
of future generations to meet their needs” – is still considered as one of the most widely used definitions 
(Vos, 2007; WCED, 1987). An important acknowledgement in the Brundtland report is that limitations to 
development are imposed by environmental limits, such as the availability of resources and capacity of 
the biosphere to accommodate anthropogenic impacts (WCED, 1987). Rockström et al. (2009) combined 
the identified environmental limits into the Planetary Boundary (PB) framework, which describes nine 
limiting biophysical Earth system processes and quantifies a safe operating space for humanity to act 
within. The boundaries are defined to prevent a drift from the Holocene to a new Earth system state that 
is less stable than the Holocene state (Crutzen, 2002; Rockström et al., 2009; Steffen et al., 2015, 2018). 
Increase environmental instability would put the ability of both current and future generations to meet 
their needs at risk (Crutzen, 2002).  

Thus, it is important that the sum of human activities should remain within the Planetary Boundaries. 
While the boundaries are global, the actions for reducing e.g. greenhouse gas (GHG) emissions to within 
the boundaries require decisions and actions at non-global scale. For instance at the scale of countries, 
industry sectors, companies, or individuals (Ryberg et al., 2018a). Here, Absolute Environmental 
Sustainability Assessments (AESAs) can be used for quantifying and evaluating the environmental impacts 
of the actors at non-global scale and relate these impacts to an assigned share of the safe operating space 
in order to evaluate to which extent the activity acts within its assigned Share of the Safe Operating Space 
(SoSOS). In case the activity exceeds its assigned SoSOS, AESA can be used for deriving science-based 
reduction targets for the activity that can be used as part of strategic planning in order for the activity to 
be considered sustainable in an absolute sense (Bjørn et al., 2020).  

AESA consists of two parts: determining the SoSOS that is occupied by the assessed activity and the 
assignment of a SoSOS to the assessed activity. The second part is especially important. This downscaling 
is delicate and demands caution, due to its normative nature. Sharing principles, based on ethical 
considerations, e.g. based on egalitarian or utilitarian distributional theories, can provide guidance for the 
procedure (Ryberg et al., 2020a). Several studies showed that the uncertainty due to the choice of sharing 
principle exceeds uncertainties present in the data or the quantification of the PBs (Ryberg et al., 2018b). 
To effectively use AESA in decision-making contexts, the uncertainty due to the selection of the sharing 
principle should be decreased. The development of a standard or consensus for downscaling the PBs could 
decrease this uncertainty and improve comparability across AESA studies (Ryberg et al., 2020a). A 
common approach for assigning the SoSOS to companies or industries has been to first downscale to the 
level of the individual human being, and subsequently upscale to the assessed company or industry based 
on the value that the company or industry provides to the final consumers (Hjalsted et al., 2020; Wolff et 
al., 2017). As an example of this final value, so far the assigned SoSOS has primarily been based on Final 
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Consumption Expenditure (FCE) in sector and company level AESAs (Brejnrod et al., 2017; Hjalsted et al., 
2020; Ryberg et al., 2018a; Ryberg et al., 2020b). The FCE describes how individuals spend their money on 
goods and services, used to meet their individual needs (Eurostat, 2016). Consequently, FCE is a useful 
metric for getting a rough estimate about the value consumers place on different products or services. 
Yet, FCE can only be used to describe consumers’ value that can be expressed in monetary terms. 
Monetary value represent only a portion of the total value created (Adler and Treich, 2015).  

Not all products and services are sold to consumers as Business-to-Consumer (B2C). Generally, three main 
relationships between businesses and their clients (B2X) can be distinguished: companies delivering 
products or services only to end consumers (B2C), companies delivering products or services only to other 
companies (B2B), and companies delivering products or services to both companies and end consumers 
(business-to-many; B2M). Here, final consumption by e.g. consumers and government, only addresses 
companies in the B2C by definition. The approach is, therefore, not applicable for B2B. Application of the 
FCE directly for B2B and B2M would result in zero or a largely underestimated assigned SoSOS, since the 
companies are only credited for the value delivered directly to final users (i.e. B2C) and not credited for 
the value that is indirectly delivered to individuals, through B2B. Nevertheless, sectors operating higher 
up the supply chain are likely to produce resources for other sectors lower in the supply chain as well as 
for those that supply directly to individuals. The mining sector is an example of a sector with an 
underestimated assigned SoSOS if based purely on FCE because hardly any final consumption is done 
between the final consumer and the mining sector. Yet, products from the mining industry are present in 
almost every product purchased by individuals.  

Thus, there is a need for developing methods that can reflect the indirect value of B2B and B2M companies 
and sectors to final consumers that can be used for assigning a SoSOS to the companies, as none currently 
exist. This study intends to tackle this challenge and aims to (i) provide an operational framework for 
assigning a SoSOS to B2X companies regardless of the relationship with their clients; and (ii) test and show 
use of the framework in a proof-of-concept real-life case study. 

 

2. Methods 

2.1 Assigning share of safe operating space to B2X  
The proposed framework includes a step-by-step overview of the procedure for assigning a share of an 
environmental safe operating space to an industry i (Section 2.2) and further to a company that is part of 
industry i (Section 2.3). The framework covers a method for taking into account the direct value of 
industries and companies to humans (i.e. B2C) as well as the indirect value through the industries linkage 
and contribution to value creation for B2C industries. Figure 1 provides and illustrative overview of the 
framework and the steps involved in assigning a share of the safe operating space to B2X industries and 
companies. 
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Figure 1  Conceptual illustration of the framework and approach used for assigning a share of the 
safe operating space to B2X companies  

 

To take into account the indirect value of B2B companies to final consumers, methods for linking the 
inputs and outputs of industries across nations in relation to final consumption are needed. For this, multi-
regional input-output (MRIO) models, such as Exiobase (Stadler et al., 2018) or world input output data 
(WIOD; (Timmer et al., 2015)) are used. MRIO models consist of a set of matrices and vectors that can be 
combined to provide an overview of the global economy and its interlinkages.  

For assigning a share of the safe operating space to B2X, we rely on the coefficient matrix 𝑨𝑨 and the final 
demand matrix 𝒀𝒀 from the MRIO model. The coefficient matrix 𝑨𝑨 expresses the interconnections of 
industries via trade. A provide information on inputs (expressed in monetary terms) from industry i per 
unit of output from industry j. 𝒀𝒀 is the final demand matrix that includes monetary information on e.g. 
final demand of consumers, governments and non-profit organizations serving households for each region 
r and each industry j covered by the MRIO model. In this study, to demonstrate the operability of our 
approach, we rely on the Exiobase version 3.8.1 MRIO model using the Industry by industry methodology 
(Stadler et al., 2018). Other MRIO models may also be applied.  

 

2.2 Assigning a share of safe operating space at industry sector level 
In Exiobase, the coefficient matrix 𝑨𝑨 is a symmetric matrix (7987×7987), while the final demand matrix 𝒀𝒀 
contains 7987 rows with different final demand groups organised into columns for each region (49 
regions). Information on the final demand of consumers, governments and non-profit organizations 
serving households was extracted and summed per region r to construct the total final demand matrix 
𝑭𝑭𝒋𝒋,𝒓𝒓 for each industry 𝑗𝑗 in region r. The sum of 𝑭𝑭𝒋𝒋,𝒓𝒓 per region r gives the total final demand (𝑭𝑭𝒕𝒕𝒕𝒕𝒕𝒕,𝒓𝒓 ) within 
each region r. The final demand share matrix (𝑭𝑭𝑹𝑹𝑗𝑗,𝑟𝑟) for each industry 𝑗𝑗 in region 𝑟𝑟 was estimated as in 
Eq. 1: 

𝑭𝑭𝑹𝑹𝑗𝑗,𝑟𝑟 = 𝑭𝑭𝑗𝑗,𝑟𝑟

𝑭𝑭𝑡𝑡𝑡𝑡𝑡𝑡,𝑟𝑟
      Eq. 1 

Next, the total direct and indirect gross output of all industry 𝑖𝑖 was estimated as a result of the final 
demand in industry 𝑗𝑗. The gross output for all industries 𝑖𝑖 per 1 unit additional final demand for industry 
𝑗𝑗 can be expressed as shown in Eq. 2, where I is the identity matrix. 
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𝑳𝑳𝒊𝒊,𝒋𝒋 = (𝑰𝑰 − 𝑨𝑨)−𝟏𝟏𝒊𝒊,𝒋𝒋     Eq. 2 

𝑳𝑳𝒊𝒊,𝒋𝒋 is commonly known as the Leontief matrix, where rows indicate the output from industry 𝑖𝑖 as inputs 
to final demand in industry 𝑗𝑗, which is given in the columns. 𝑳𝑳𝒊𝒊,𝒋𝒋 is used as basis for estimating the direct 
(equivalent to Scope 1 in corporate GHG accounting; WRI and WBCSD, 2004) and indirect (equivalent to 
Scope 2 and Scope 3) output for each industry as a result of B2C or B2B trade. The diagonal cells in matrix 
𝑳𝑳𝒊𝒊,𝒋𝒋, i.e. 𝑖𝑖 = 𝑗𝑗, indicate the industry subject to its direct final demand consumption. Here the direct and 
indirect gross outputs across input industries i per unit output from industry j were estimated as in Eq. 3 
to give the so-called scaling matrix S. Here, estimation of the diagonal matrix entries for S, denoted as 𝑺𝑺�𝑖𝑖,𝑗𝑗, 
is given from Eq. 3 where e denotes a column vector with all entries being one. 

  
𝑺𝑺�𝑖𝑖,𝑗𝑗 = �𝑳𝑳𝑖𝑖,𝑗𝑗𝑇𝑇 𝑒𝑒� ∘ 𝑰𝑰     Eq. 3 

A number of additional steps are required to estimate the direct and indirect gross output for the non-
diagonal cells (i.e. the industry indirectly affected by direct final demand for industry j). As in Eq. 3, the 
direct output from industry i as a result of final demand for industry j is expressed by Li,j. However, to take 
into account the indirect outputs as a result of the direct output from industry i, the indirect output was 
added to the direct output as shown in Eq. 4 to give 𝑺𝑺�𝑖𝑖,𝑗𝑗, where the tilde denotes the off-diagonal entries 
in 𝑺𝑺.  

𝑺𝑺�𝑖𝑖,𝑗𝑗 = 𝑳𝑳𝒊𝒊,𝒋𝒋 + �𝑳𝑳𝒊𝒊,𝒋𝒋 ∘ �𝑓𝑓𝑖𝑖,𝑗𝑗𝑒𝑒𝑇𝑇��     Eq. 4 

Where 𝑓𝑓𝑖𝑖,𝑗𝑗  is a column vector that provides information on output related to Scope 2 and Scope 3 relative 
to the direct Scope 1 output from industry i as a result of final demand for industry j. This is used as input 
for Eq. 4, to estimate the full economic output (i.e. for Scope 1, Scope 2 and Scope 3) for industries that 
do not have direct final demand. 𝑓𝑓𝑖𝑖,𝑗𝑗 is calculated as shown in Eq. 5. 

𝑓𝑓𝑖𝑖,𝑗𝑗 =
�𝑳𝑳𝒊𝒊,𝒋𝒋−�𝑳𝑳𝒊𝒊,𝒋𝒋∘𝑰𝑰��

𝑇𝑇
𝑒𝑒

�𝑳𝑳𝒊𝒊,𝒋𝒋∘𝑰𝑰�𝑒𝑒
     Eq. 5 

Hereby, the direct and indirect gross output for each industry 𝑖𝑖 contributing to industry 𝑗𝑗 can be expressed 
as in Eq. 6. 

𝑺𝑺𝑖𝑖,𝑗𝑗 = 𝑺𝑺�𝑖𝑖,𝑗𝑗 + 𝑺𝑺�𝑖𝑖,𝑗𝑗     Eq. 6 

The subsequent share of safe operating space assigned to industry i contributing to industry j, in region r 
(𝒂𝒂𝑺𝑺𝒕𝒕𝑺𝑺𝒂𝒂𝑺𝑺𝒊𝒊,𝒋𝒋,𝒓𝒓) was calculated as in Eq. 7.  

𝒂𝒂𝑺𝑺𝒕𝒕𝑺𝑺𝒂𝒂𝑺𝑺𝒊𝒊,𝒋𝒋,𝒓𝒓 = 𝑭𝑭𝑹𝑹𝑗𝑗,𝑟𝑟 × 𝑺𝑺𝑖𝑖,𝑗𝑗
𝑺𝑺�𝑖𝑖,𝑗𝑗

     Eq. 7 

The results of Eq. 7 indicate the total life-cycle value provided by industry i as a result of the final demand 
from all industries j in region r. Here, industry i can be a fully intermediate B2B industry a fully final 
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consumer industry (i.e. full B2C) or a combination (i.e. B2M). The value takes into account the direct value 
from industry i and the value from upstream industries in the supply chain of industry i.  

Because a life-cycle approach is applied, the sum of fractions in Eq. 7 will exceed 1 due to the interlinkage 
of industries across supply chains. This can be explained in a simplified example. In the example there are 
only 3 industries in the world. Industry A is a B2C industry; Industry B is a B2B industry and supplies to 
Industry A; Industry C is a B2B industry and supplies to Industry A and Industry B. As Industry A is the only 
B2C industry, all final consumption is for Industry A, thus 100% of the safe operating space is assigned to 
Industry A. The life-cycle value of Industry B is 50% of the life-cycle value provided by Industry A. Thus the 
share assigned to Industry B is 100% × 50% = 50%. Now the life-cycle value of Industry C is 10% of the life-
cycle value provided by Industry A and 50% of the life-cycle value provided by Industry B. Thus, the share 
assigned to Industry C is 100% × 10% + 100% × 50% × 50% = 35%. Thereby, the sum of fractions is 1.85 as 
the supply chains overlap and the assigned share include both the direct value provided by the industries 
as well as the indirect value provided by industries upstream in the supply chain. Thus, the method can 
be used to estimate the assigned share of safe operating space for a specific industry, taking into account 
the full life-cycle value by including the industry’s supply chain and taking into account the interlinkage of 
industries. 

The total share assigned to industry i based on the overall final demand for industry j in region r can 
hereafter be expressed as in Eq. 8. 

𝒂𝒂𝑺𝑺𝒕𝒕𝑺𝑺𝒂𝒂𝑺𝑺𝒊𝒊,𝒓𝒓 = ∑ 𝒂𝒂𝑺𝑺𝒕𝒕𝑺𝑺𝒂𝒂𝑺𝑺𝒊𝒊,𝒋𝒋,𝒓𝒓𝑗𝑗     Eq. 8 

The total share assigned to industry i considering all regions r was estimated as follows. 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖 = ∑ �𝒂𝒂𝑺𝑺𝒕𝒕𝑺𝑺𝒂𝒂𝑺𝑺𝒊𝒊,𝒓𝒓 × 𝑃𝑃𝑟𝑟
𝑃𝑃𝑊𝑊
�𝑟𝑟     Eq. 9  

where 𝑃𝑃𝑟𝑟 is the population in region r and 𝑃𝑃𝑊𝑊 is the global population. In doing so, the safe operating 
space is equally distributed among all persons and the share assigned to each industry becomes a function 
of the final demand within each region under the assumption that this best approximates the needs within 
each region 𝑟𝑟. 
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2.3 Assigning share of safe operating space to company level 
The share of 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖 assigned to company x (𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑥𝑥) that is part of industry i is based on subsequent 
partitioning of the sector share (Eq. 10). For this, a scaling factor 𝛽𝛽𝑥𝑥 is used as shown Eq. 10. 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑥𝑥 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖 × 𝛽𝛽𝑥𝑥     Eq. 10 

The apportioning among companies within the same industry sector can be done using various indictors. 
Essentially the objective is to be able to identify the magnitude of the company relative to others. Ideally, 
we want to base this on the value that the company provides to individuals. Here, we use turnover (TO) 
as the indicator, assuming that a company’s turnover compared to other companies within the same 
sector is a decent indicator for peoples’ preferences for said company and, thus, a decent indicator for 
the wellbeing provided. The company’s turnover (TOcompany x) is divided by the total turnover of industry i 
(TOi), as extracted from the global MRIO database to give the share of the sector assigned to the company 
(see Eq. 11).  

𝛽𝛽x = 𝑇𝑇𝑇𝑇company x

𝑇𝑇𝑇𝑇i
      Eq. 11 

2.4 Case study 
The proposed B2X framework was applied to a real-life case-study to show its application. The reporting 
organization was a major global construction manufacturer company. The company has a B2B relationship 
with its customers. The goal of the case study was not to identify whether the company is absolute 
sustainable (i.e. the environmental sustainability ratio (ESR) ≤ 1), but rather to use it as a proof-of-concept 
for the framework to demonstrate its operability.  

First, the occupied share of the company was determined using an organizational life cycle assessment 
(LCA). Second, the assigned share of the company was determined using the proposed framework. 
Ultimately, both were compared to determine the ESR for the company, see Figure 2. 

 

 

Figure 2 Overview of an AESA procedure using the proposed B2X framework. Case specific data, distributive 
justice theories and MRIO models serve as input for the organizational LCA and the B2X framework, which give the 
occupied and assigned SoSOS, respectively. The occupied and assigned SoSOS are compared to determine the ESR. 
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2.4.1 System scope and life cycle inventory 
The life cycle inventory (LCI) of the resource uses and substance emissions (collectively termed 
“elementary flows”) to the environment as a result of the company’s activities were determined by 
conducting an organizational LCA, following the Guidance on Organizational Life Cycle Assessment of the 
United Nations Environment Programme (UNEP) using SimaPro 9.0 software (Pré Consultants, n.d.; UNEP, 
2015). For the detailed documentation of the case study, see Supplementary Material (SM) Section S1.  

The reporting flow was the annual production by the company. The operational control consolidation 
approach, in which operational control equals responsibility, was used. The reference period was 2019. 
Scope 1 and 2 environmental impacts, as identified in the Greenhouse Gas Protocol (WRI and WBCSD, 
2004), were fully included. Due to limited data availability, only a selection of the Scope 3 categories were 
included, see Table 1 (WRI and WBCSD, 2004). Primary data from the company was used for the amounts 
supplied by other companies and for the direct emissions. For the conversion of energy carriers (natural 
gas and diesel) and for the production of steam, secondary data was used from the “ecoinvent 3.5, 
allocation, cut-off by classification – system” database (Weidema et al., 2013). 

 

Table 1 Overview of categories included and excluded from the scope. Exclusion is based on unavailability of 
data. “N/A” indicates exclusion based on irrelevance within companies’ activities. Scopes are based on the 
Greenhouse Gas Protocol (WRI and WBCSD, 2004). 
Scope Category Included Excluded 
1 Direct emissions X  

2 Energy related indirect emissions X  

3.1 Purchased goods and services X  

3.2 Capital goods  X 

3.3 Fuel- and- energy related activities  X 

3.4 Upstream transportation and distribution X  

3.5 Waste generated in operations X  

3.6 Business travel  X 

3.7 Employee commuting  X 

3.8 Upstream leased assets N/A 

3.9 Downstream transportation and distribution  X 

3.10 Processing of sold products N/A 

3.11 Use of sold products  X 

3.12 End-of-Life of sold products  X 

3.13 Downstream leased assets N/A 

3.14 Franchises N/A 
 

2.4.2 Determining the company’s occupied share  
The elementary flows in the LCI were characterized as potential impacts on the environment using the 
Planetary Boundaries based Life-cycle impact assessment (PB-LCIA) methodology (Ryberg et al., 2018b). 
The PB-LCIA includes characterization factors for seven of the nine planetary boundaries and includes 15 
impact categories to cover both global and regional planetary boundaries. The goal of the study was to 
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demonstrate via a proof-of-concept the application of the method for assigning a share of safe operating 
space to B2X companies. Therefore, only the impact category “Climate change - Energy imbalance at top-
of-atmosphere” was evaluated in this case study. The full set of characterized results for all impact 
categories covered in the PB-LCIA are however documented in SM Table S2; all these impact categories 
should be considered when performing full-fledged assessments. 

2.4.3 Determining the company’s assigned share 
 

Step 1: Downscaling to the individual level 

To determine the occupied SoSOS for the company, the characterized results were divided by the 
remaining SOS available for human activities. The remaining SOS for Climate Change - Energy Imbalance 
is 1 Wm-2 (Ryberg et al., 2020b). The remaining SOS was first shared equal-per-capita across all individuals 
on Earth. Since the reference year for the occupied share is 2019, the 2019 global population was used 
(UN, 2019).  

Step 2: Upscaling to the industry level 

For the translation of household consumption patterns throughout the global economies, Exiobase 3.8.1 
was used. 2011 was used as reference year as this is where the original Exiobase 3 data series ends (Stadler 
et al., 2018). Exiobase consists of the technical coefficient matrix (A), final consumption vectors for 
households, non-profit organizations and governments (Y), and output/emissions matrices. A covers 163 
sectors in 49 regions giving a total of 7987 sector-region combinations.  

Capital assets were included in the MRIO-model, as input to production (Miller et al., 2019), via capital 
endogenization as described in Södersten et al. (2018), using 2015 as reference year. In most national 
accounts and, thus, MRIO models, capital assets are aggregated into product or industry totals and does 
not provide information about the specific industries’ spending on capital assets. Hence, it is not possible 
to partition the impact of e.g. construction industry (for which the majority of the final demand is capital 
assets) to the relevant industries that are responsible for the construction work. Thereby, the emissions 
associated with their production are not allocated to the industries using them. Endogenization allows for 
partitioning the capital asset final demand among the relevant industries to ensure that the spending on 
capita assets is partitioned to the industries using them (Södersten et al., 2018). 

The case study company sells their products to 72 countries, covered by 43 of the Exiobase countries and 
regions. The company was found to be part of the industry sector “Manufacture of rubber and plastic 
products” in the Netherlands. The methodology described in Section 2.2 was applied to assign a share of 
the safe operating space to the specific sector.  

Step 3: Downscaling to the company level 

For the downscaling step from the assigned SoSOS on sector levels to the company level, the utilitarian 
approach was used. The downscaling factor 𝛽𝛽𝑥𝑥 (see Eq. 11) was determined using the 2019 revenue of 
the company which was related to the total economic output of the “Manufacture of rubber and plastic 
products” sector in the Netherlands. 
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2.4.4 Sensitivity analysis 
To gain additional information about the performance of the developed framework, multiple scenarios 
were investigated to evaluate the sensitivity of different choices pertaining to using the framework (see 
Table 2). Each of the scenarios were evaluated on their effect on the assigned and occupied SoSOS and 
ultimately the conclusion of the AESA through the effect on the ESR. The sensitivity analysis scenarios 
were defined based on uncertainty in company input data (Scenario 1 and 2), variability of input data in 
the MRIO and major methodological decisions (Scenario 3 to 6).  

Table 2 Summary of scenarios applied during the case study and their intended focus. Scenario 0 being the 
default scenario. Scenario 1 evaluating the sensitivity case specific data quality. Scenario 2 to 4 evaluating non-case 
specific methodological choices in the framework. 

Scenario no. Description Focus of analysis 

0 Default scenario as described in section 04.  Performance of the framework. 

1 Base the scope 1 assigned SoSOS on an alternative company 

sector: “Manufacturing of bricks, tiles and construction 

products, in baked clay”. 

Sensitivity of the assigned SoSOS towards 

input data and the relevance of its 

uncertainty. 

2 Base assigned SoSOS on an increased (x2) revenue for the 

company. 

Sensitivity of assigned SoSOS towards input 

data and the relevance of its uncertainty. 

3 Base the economic output vector on only Household final 

demand vector instead of Total final demand vector including 

consumption vectors for households, non-profit organizations 

and governments 

Assigned SoSOS, by applying other 

methodological choices. 

4 Include capital assets as part of the final demand vector 

instead of capita endogenization 

5 Base the economic output vector on a Technical coefficient 

vector of an alternative base year: 2016 instead of 2011. Due 

to lack of data, the reference year for endogenization of capital 

assets is kept as 2015. 

Assigned SoSOS, by applying other 

reference year. 

6 Base the assigned SoSOS on an alternative MRIO database, 

i.e. WIOD instead of Exiobase. Due to lack of capital data for 

the WIOD model. Capital endogenization could not be 

performed. Instead Capital assets are included as part of the 

final demand category: gross fixed capital formation  

Assigned SoSOS by applying other 

methodological choices. 
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3. Results 

3.1 Results of case study default scenario 
The occupied and assigned SoSOS for the utilitarian approach can be found in Figure 3. A total impact of 
4.3×10-5 W/m2 was characterized for the company (Figure 2). The majority of the company’s impact was 
caused by their Scope 3 emissions (77%). The Scope 2 impacts were responsible for the remaining impact 
(22%) and the impact for Scope 1 was negligible (<1%). The purchase of electricity (Scope 2; 22%) and 
three main ingredients, namely activated carbon (Scope 3; 18%), kraft paper (Scope 3; 17%) and phenol 
(Scope 3; 15%) were responsible for the majority of the environmental impact. The remaining purchased 
materials and services together were responsible for 28% of the impact – none of them more than 10%. 
Almost all impact came from the emission of carbon dioxide (95%). It was found that the occupied SoSOS 
of the Scope 1 emissions were negligible compared to the remaining impact. The assigned SoSOS was 
found to be 9.9×10-6. Thus, the ESR was 4.4, indicating that the company is acting beyond its assigned 
share of the safe operating space for climate change – energy imbalance. 21% of the assigned SoSOS 
related to direct final consumption (i.e. B2C) with the remaining relating to indirect demand as B2B. 

 

Figure 3 Occupied and assigned shares with the corresponding ESR values (4.4) for the company for the 
Climate Change – Energy Imbalance impact category. The occupied share for the Scope 1 (not visible in figure, ca. 1% 
of total), Scope 2 (orange, 22%) and Scope 3 (blue, 77%) are represented by the bar chart. The black dot represents 
the level of the assigned share, i.e. the occupied share exceeds the assigned share significantly. Data underlying the 
figure are provide in SM Table S3 
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3.2 Sensitivity analysis 
The results of the sensitivity analyses can be found in Figure 4. Figure 4 shows the occupied and assigned 
SoSOS for the five alternative scenarios (described in Table 2) and the default scenario. We see that the 
assigned SoSOS for the company vary between a factor 0.94 and 8.9 across the scenarios compared to the 
default situation. The case study showed that the company’s occupied share exceeds the assigned share, 
i.e. the ESRs are above 1, for all scenarios, except scenario 6 (see Figure 3) for climate change, indicating 
that the company cannot be considered sustainable in an absolute sense for these scenarios. The choice 
of a different MRIO model (i.e. WIOD) resulted in the largest change, with a factor 8.9 for Scenario 6. A 
switch from Exiobase to the MRIO model WIOD changed results to make the system perform within the 
assigned SoSOS. Thus, a change in MRIO model can lead to alternative conclusions on the sustainability 
of the assessed system. A change in industry sector to which the company belongs induced a change in 
assigned SoSOS of a factor 4.3. A doubling in company revenue led to a doubling in assigned SoSOS. The 
scenarios with an alternative definition of the demand vector (Scenario 3) and a different base year 
(Scenario 5) resulted in minor changes.  

 

Figure 4 Occupied and assigned SoSOS for Climate Change – Energy Imbalance for the company, for the 
default and 6 alternative scenarios. The orange bar indicates the occupied SoSOS for Scope 2 and the blue bar for 
Scope 3. The impact of Scope 1 is not visible in the figure, ca 1% of total. Data underlying the figure are provide in SM 
Table S3 
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4. Discussion 

4.1 Operability of the framework  
The framework presented and demonstrated in the case study shows a novel approach for assigning a 
SoSOS that addresses the existing gap for AESA of B2B and B2M companies. This facilitates assigning a 
SoSOS to sectors and companies located early in the supply chain based on their relative contribution to 
the B2C sectors and companies. Thus, better reflecting their actual value to people. This is important to 
include as it allows for making more relevant AESAs to the B2B (or B2M) companies because the size of 
the assigned SoSOS better reflects the value of the company. Indeed, only 21% of the assigned SoSOS was 
related to B2C trade in the case study. This shows the importance of including the indirect contribution 
for companies that are fully or primarily B2B. It is possible that the share related to the B2B trade could 
prove decisive for conclusions about the absolute sustainability of a sector or company. While the method 
covers a known gap in AESAs, there are still a number of limitations and uncertainties to consider in the 
use of the framework and interpretation of the results it gives.  

The case study showed the results to be sensitive towards several of the evaluated choices, thereby 
questioning the robustness of the results. Especially the classification of the company’s sector (sensitivity 
scenario 1) and the choice of MRIO model (sensitivity scenario 6) decrease the robustness of the results 
and increase the uncertainty to the results of the AESA when applying the framework. The scenario 
analyses should therefore be considered as an integral part of the current version of the framework. 
Indeed, standard sensitivity analyses for data quality are suggested in LCA (ISO, 2006) and evaluation of 
the AESA results’ sensitivity to different modelling or assessment choices is recommended. Thus, to 
increase robustness of the conclusions it is suggested to ultimately evaluate different scenarios to test the 
following three aspects when assigning shares of the safe operating space to the studied system: (I) 
different sharing principles, (II) different MRIO models and (III) different sectors the company is part of. 
The types of sharing principles and their importance as already been described in details in e.g. Ryberg et 
al. (2020a). The other two aspects specifically relate to the use of the framework proposed in this study. 

Choice of MRIO models. Apart from the practical reasons to select one MRIO model over another, the 
effect of a particular MRIO model on the results should be evaluated as well. The case study showed that 
the change of MRIO model can change the results by a factor 3. This is related to the underlying data and 
method used for constructing the MRIO model. Indeed, when WIOD was used instead of Exiobase, a larger 
assigned SoSOS was found. The larger assigned SoSOS is due to the industry resolution of the MRIO models 
and the data used in the different MRIO models. Thus, the choice of MRIO model is a source of uncertainty 
to the results and overall conclusions. It is therefore suggested to pick a default MRIO model that fits the 
case best in terms of resolution and coverage, but also evaluate the results using an alternative MRIO 
model to evaluate the robustness of the results and conclusions. Section 4.2 provides additional discussion 
on the current and prospective capabilities of MRIO models. 

Classification of a company within its sector. Ultimately, the effect of the sector of the company should 
be evaluated. As the case study showed, even though the effect on the results can be significant, it is not 
always obvious to what sector a company belongs to in terms of the MRIO models. Two perspectives can 
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be applied: either the most fitting sector in terms of (I) activities done by the company, or in terms of (II) 
function that the company’s products deliver to customers. Due to their global coverage, every business 
is in some extent included in the MRIO models. The MRIO models use classification systems to define 
sectors and thus the companies within them. To secure optimal alignment between the study and the 
MRIO model it is suggested to use the activity-perspective in the default scenario, following the 
classification system of the used MRIO model. For Exiobase and the WIOD, these classification systems 
are NACE rev.1 and ISIC (European Commission, 2008; Stadler et al., 2018; Timmer et al., 2015; United 
Nations, 2008). The functionality-perspective can then be applied in the scenario analysis to improve the 
certainty of the results. 

 

4.2 The use of MRIO databases: coverage and resolution 
Several MRIO models provide a complete description of the World’s economies and thus a complete 
coverage of sectors and regions. Every organization should be able to find its associated industry sector 
in the MRIO data, meaning that the framework is not limited in terms of sector coverage. However, sector 
resolution is the main limiting factor of current MRIO models and the level of sector resolution varies 
greatly among different MRIO databases (Malik et al., 2019). The resolution of the MRIO database limits 
the resolution of the framework. The latest release of the MRIO models used in this study, Exiobase and 
WIOD, have a resolution of 163 sectors and 56 sectors, respectively (Stadler et al., 2018; Timmer et al., 
2015). The aggregation can be problematic for heterogeneous sectors where the value of the evaluated 
company or industry might not be well represented in the MRIO industry-sector as a result of aggregation 
with other (larger) companies and industries.  

The case study demonstrated that the resolution of sectors might be a limiting factor, where 
“Manufacture of rubber and plastic products” was considered the best fit in both Exiobase and WIOD. 
Although the company’s products are technically plastic materials, their application might be more similar 
to the “Manufacture of bricks, tiles and construction products, in baked clay” sector. The change in 
industry sector was investigated in sensitivity scenario 1 and the results showed that the effect on the 
results of choosing the sector to which the reporting organization belongs, can be important. For 
consistent use, we generally recommended to identify the main sector the company belongs to. This can 
for instance, be found using corporate databases that provide general company information. Then, to test 
the robustness of conclusions, other potentially relevant sectors can be tested to evaluate if the change 
in sector leads to a change in conclusions.  

Similar to the industry sectors, the regions have a complete global coverage, but the resolution of regions 
limit the framework. For instance, Exiobase divide the world in 49 regions, covering EU28 countries, 16 
major economy countries outside Europe and 5 complementary regions within Africa, Asia, America, 
Europe and Middle East (Stadler et al., 2018). Other MRIO models have a different geographical 
resolution, but they all have some level of aggregation. Again, this means that the most aggregated 
regions are more uncertain and the actual representativeness of the region towards a specific company 
is reduced. Developments towards increasing the resolution and have more data a country level is 
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ongoing. For instance, a new version of Exiobase, Exiobase3rx has been put forward, which include 214 
regions (Bjelle et al., 2020). 

4.3 Sharing safe operating space among industries along supply chains 
The starting point for the proposed framework is that all human beings are assigned an equal share of the 
safe operating space. On the basis of this, B2C industries are assigned a share of the persons’ safe 
operating space based on the welfare (or utility) the industries provide to the humans. This is considered 
a utilitarian approach as the SoSOS assigned to each industry is proportional to the utility it provides to 
humans.  

In this study, we use final demand as a proxy for utility. Thus, the share of total spending spend on an 
industry express its relative contribution to total utility. This approximation is only valid up to a certain 
degree. Mainly because wealth increases, in developed countries in particular, has freed a large fraction 
of the economic budget. This means that after spending a portion of the budget on the products and 
services that we need (and which brings us most utility), a large fraction of the budget is available for 
spending on products and services that brings less additional welfare (or utility). Thus, current 
consumption patterns in wealthy high income countries does not represent well the consumption 
patterns that leads to a maximized utility. This is an important limitation for the method (Ryberg et al., 
2020a) that must be addressed. Options for reducing this is to stop using final demand data and rely on 
different data that better reflect the value of product and services to people. This could be data expressing 
an optimized consumption of good and services based on marginal utility estimates or it could be based 
on national consumption data in countries with relative smaller economic budget where the consumption 
pattern is better expressing the welfare provided by consumption of product and services. Such work is 
ongoing and the developed framework allows for using this data as input, once it becomes available. 
When this data becomes available, then it can simply be implemented by creating an alternative final 
demand vector based on this data instead of current final expenditure data as is currently used.  

After assigning a SoSOS to the B2C industries, the subsequent partitioning to B2B companies is performed. 
Currently, the sharing across the supply chain is based on gross economic output. That is, a B2B industry 
with a large gross economic output relative to the total economic output of the B2C industry where it is 
part of the supply chain, will be assigned a relative large share of the safe operating space for the B2C 
industry. There is no strong ethical rational for basing the assignment of this. It can be considered an 
acquired right, where industries with large economic output are entitled to a larger share. Another 
approach could be to base it on e.g. impacts to the environment. For instance, basing it on GHG emissions  
(e.g. as kg CO2-eq) when evaluating climate change, where industries in the supply chain with high GHG 
emissions are assigned a larger share of the SoSOS assigned to the B2C industry. Thereby, industries with 
large direct and indirect GHG emissions are assigned a relative large share of the safe operating space 
assigned to the B2C industry. This might be more relevant than economic value because industries with 
relatively large GHG emissions might have a need for this compared to industries in the supply chain with 
a relatively low emissions. Essentially, the choice about partitioning the safe operating space to B2B 
industries contributing to B2C industries is only concerning sharing among industries, which is a value 
based choice. The sharing among people and sharing among industries contributing to peoples’ welfare 
is not affected by this. In lieu of a single principle on which to base this sharing, we recommend applying 
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different sharing principles, using different indicators on which to base the acquired rights, e.g. GHG 
emissions, economic output, etc. This allows for evaluating the variability in assigned share of safe 
operating space as a result of different acquired rights indicators and, thus, the overall robustness of the 
results and conclusions. Overall, the framework is developed to be flexible towards use of other sharing 
principles. This relates to the sharing among people, the sharing among B2C industries and the sharing for 
B2B industries that are part of the B2C industries’ supply chains. The most critical issue is the data on 
which to base other sharing principles. The framework is developed in a manner that allows for easy 
implementation and application of other sharing principles, once this become available. 

 

5. Conclusion 

The study provided an operational framework for the B2X company level AESAs and guidance on its 
application. The framework is the first structured, methodological approach that allows company level 
AESAs regardless of the customer relationships of a company (B2B and B2M). An AESA case-study, using 
the framework, was done to test the applicability and provide recommendations based on the outcomes.  

The ESRs of a B2B construction materials company were determined for seven scenarios in the case study 
to evaluate the importance of different choices pertaining to application of the B2X framework. In five 
scenarios, the company exceeded its assigned safe operating space by up to a factor 4.6. The main drivers 
for the impact were four processes, i.e. use of electricity, activated carbon, kraft paper, and phenol. The 
framework has shown to be flexible in the selection of its input parameters, not to rely on difficult data 
collection and to have a complete global coverage. However, the robustness of results and the inclusion 
of more sharing principles could be improved and should be further investigated. 

Although, the proposed framework is operational and can provide the first solution to the existing gap for 
B2B and B2M company level assessments, further improvement is necessary in terms of its robustness 
and flexibility. The study showed that the framework is still sensitive towards several choices that are 
taken during the AESA, which decreases the robustness of the results. A quantitative assessment of the 
uncertainty was out of scope for the current study. Therefore, the first step for improvement could be a 
systematic quantification of the uncertainty. The second step could be towards standardization of the 
framework to reduce the uncertainty due to value based choices. Once the uncertainty is found to be 
sufficiently small, the framework can create additional value. Namely, by giving (I) the direction and 
magnitude of absolute sustainable decision making; (II) well-substantiated reduction targets that take into 
account the Earth’s carrying capacity; and (III) based on these reduction targets, it paves the way for more 
precise and aligned reduction measures. 

Overall, while there is still need for improvement and refinement, this developed B2X framework for 
systematically assigning a share of the safe operating space to industries and companies shows great 
potential. It directly facilitate AESA of B2B and B2M companies to help these gauge their environmental 
performance relative to absolute boundaries to provide an informed basis for setting environmental 
reduction targets and steer their sustainability related activities. 



17 

Supplementary Material 

Supplementary Material contains details on the life-cycle inventory modelling for the case study 
organizational LCA. The Supplementary Material also includes details for the results, such as the full list 
of characterized results for the case study as well as the raw data underlying the results figures 
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