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Abstract: As a part of the European Green Deal, the Corporate Sustainable Reporting Directive will
apply to over 50,000 companies in Europe, meant to advance the quality of sustainability reporting
in the EU, and reduce global emissions and emission distribution inequality. Part of the require-
ments centre around organisational emission quantification, which will bring much attention to the
methodological aspects and resulting decision support capability, which calls for synthesis and ar-
gues for clarity. Currently, quantifying the emissions embedded in global transactions mostly focus
on direct value-chain attributes, and do not consider unintended consequences beyond the scope of
assessment. To achieve genuine reductions, estimated emissions must be considered from a systems
perspective to accurately reflect their true impact. While emission inventories serve several pur-
poses, incorrect application limits their potential. The CSRD aligns itself with the GHG Protocol,
which does not explicitly facilitate this distinction, although new Land Sector and Removals Guid-
ance draft does, in part. With first CSRD reports expected in 2025, and the GHG protocol entering a
revisions period, it presents an opportunity to marry systems thinking with carbon literacy, thereby
equipping the expected surge of activity with the sufficient tools for an accelerated transition.

Keywords: climate change mitigation and adaptation; economic structures; driving forces; transi-
tional risks; consequential attributional

1. Value chain emissions and inequalities

Transactions see goods or services delivered in exchange for money, of which many
include the invisible exchange of embedded emissions yet most fail to disclose. As trans-
actions continue in an unchanged manner, emissions accumulate, further accelerating the
trajectory towards 1.5 degrees. In June 2023, the remaining global carbon budget was re-
duced, further highlighting the need for rapid decarbonization [1] and call for critical con-
versations of current carbon quantification systems and their application. Companies are
expected to play a pivotal role in nations achieving their emission targets by reducing
their production related emissions, but emission-oriented policies do not yet address the
largest source of embedded emissions, namely the value chain. On a global scale, the dis-
proportionate and inequal distribution of GHG emissions (and along with these, other
production related hazardous emissions) between the North and South is the greatest.
While industrialized countries have overall reduced their national emissions since 1990,
outsourced production related emissions in China and India have increased dramatically
(figure 1) in so called pollution havens [2]. One driver of this inequality is that companies
of industrialized countries have increased their net-import of CO2 embedded in trade (fig-
ure 2) [3]. In China for example, intermediate products are identified as the main source
of embodied emissions export [4] — in other words, the geographical distribution of com-
panies from industrialized nations” value chain (scope 3) emissions highlight and perpet-
uate the inequality of global emission distributions. On an organisational level, who is
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responsible for the embedded emissions of global value chain transactions? Sanderson
(2021) suggests a shared responsibility between buyer and seller that reflect our percep-
tions of sustainability which lacks in many transactions of today, a sentiment also widely
reflected in literature [5-10].
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Figure 1. 1990 to 2020 change in annual CO2e emissions from fossil fuels and industry. It should be
noted that the increase in India and China reflects production to both foreign and domestic con-
sumption. Land use change is not included [3].
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Figure 2. 1990 to 2019 change of CO2e emissions embedded in trade measured as emissions ex-
ported or imported as the percentage of domestic production emissions [3].

Not reacting to these inequalities on an organisational level will perpetuate the global
distribution, leaving pollution havens of the world to bear the unfair emissions burden of
global transactions. However, when considering this it is important to note how one
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determines who is responsible for what. The notion of shared responsibility is linked to
the value chain, but as we will return to, there are compelling arguments for linking the
responsibility to changes of flows in response to decisions, which may be both in and
outside the value or supply chain [11]. This opens for important discussions of what de-
termines the changes in emissions as depicted in figure 1 and 2, and what actions are
needed to control these.

2. Organisational inventories and their potential

On a global level companies can voluntarily disclose their organisational footprints
and carbon management strategies e.g., via CDP (formerly the Carbon Disclosure Project)
and Science Based Targets (SBTi). In Europe, organisational emission disclosure is a com-
ponent of the broader obligations for companies complying with the Corporate Sustaina-
bility Reporting Directive (CSRD), a reporting policy that will initially be applicable to
larger companies (estimated over 50,000) and gradually extended to smaller companies
[12]. The dominant language for how to estimate organisational emissions follow the
Greenhouse Gas Protocol (GHGP), which define three scopes that company emission
sources can be allocated to, and how to navigate varying qualities of data required to es-
timate them. Organisational inventory requirements of the CSRD align to this framework
for easier adoption. For the majority of companies, the most significant portion of their
emissions are in scope 3, both up and down the value-chain [13]. Including scope 3 emis-
sions therefore becomes necessary for a climate-just greenhouse gas (GHG) inventory
when considering our perceptions of justice and fairness in relation to who is responsible
for the emissions, and in turn the global emission distribution. The most significant scope
3 categories reported by companies today are currently voluntary by the GHGP, where
incomplete and incomparable activity and emissions data coupled with limited account-
ability hinder progress. Demand for data supporting scope 3 assessments is expected to
increase however as value chain emissions are required in CSRD compliant reports. As
emission disclosure is becoming recognized as a must-have in seller/buyer transactions
for companies who openly engage with and promote sustainability, it promotes carbon
literacy among both parties and quantifies the transaction’s invisible cost for organisa-
tional GHG inventories. For widespread use and sufficient application however, there re-
mains a need for complete and transparent emission quantification, supported by sound
data.

Emission accounting at a firm level serve several purposes but require separate meth-
ods and data to answer different questions. An understanding of the emissions arising
from company activities (both direct and indirect, and within and beyond the scope of
analysis) act to inform true decarbonisation decisions through hotspot identification. If
the goal is to reduce global emissions, a systems view is required to ensure unintended
emissions do not occur outside of the assessment boundaries. Such assessments are well
suited for decision support and can be considered for internal use. Alternatively, the as-
sessment can be used as a communication tool to indicate that the firm is engaging with
and aware of their impacts, setting and tracking targets, allocating ownership, and even-
tually showing the achieved reductions. Such assessments report attributes allocated to
the products or services and are not concerned with consequences beyond the boundaries
of the supply chain and does not include system effects captured when applying system-
expansion. In organisational inventories, they represent the activities of the reporting firm
alone, and are by current consensus acknowledged for external use i.e., with reference to
the GHGP. Instead, we recommend using an approach that explicitly takes systemwide
impacts into consideration. These distinctions are well documented in the literature but
not yet widely adopted, as called for by the problem at hand [11,14-17]. It is vital to note
that different models answer different questions.
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Organisations and frameworks such as CDP, SBTi, and the CSRD require and assess
disclosure of climate impacts and climate plans, but risks pointing the internal tool out-
wards, aimed at stakeholders such as investors. Climate responsible investors are ex-
pected to represent a substantial portion of the €1 trillion that EU Green Deal plans to
mobilize over the next decade [18]. Investor actions will be in part based on assessments
and reports underpinned by company disclosures from organisations and frameworks
such as CDP, SBTi and the CSRD, where incorrect application of an organisational inven-
tory may have detrimental consequences for the reporting firm. For reporting companies,
determining what a relevant and useful assessment is present uncertainties that embody
the transitional climate risks presented by the Task Force for Climate Related Non-Finan-
cial Disclosure [19]. However, if a company is supported with the correct climate related
information and possess the carbon literacy to ask the correct questions of their data, they
can harness the benefits of both internal and external inventories, which in turn reduces
their climate related transitional risks (and present opportunities). Central to managing
such transitional risks are sound, robust, and quantitative assessment of risks, which is
supported through accurate and transparent climate related information [20]. Further, if
the internal inventory is to provide adequate decision support the methods used to esti-
mate emissions need to represent the true impact i.e., by including all relevant activities
considered from a systems perspective. Understanding and applying these concepts in
the 50,000 CSRD compliant companies presents a formidable task of ensuring an accessi-
ble, usable, and informing data foundation.

3. Assessing emissions related to activity

There are many standards that describe the methods for determining and disclosing
the environmental impact of products, such as the PAS 2050, the GHG Protocol, and the
European PEF Guide, all referring to the canonical ISO 14040 series. The series defines the
most appropriate way to navigate the many decisions that go into conducting a Life Cycle
Assessment (LCA) — constituting how to build an emissions inventory that relates activi-
ties to emissions both in the foreground system, mostly representing activities with scope
1 and 2 emissions, and the background system, mostly representing activities with scope
3 emissions. An essential support for the practitioner is the availability of databases sup-
plying background data. There are various paid and free databases connecting activities
to emission intensities! (EI) and they are widely accessible, although some, especially the
free databases lack the variety and detail that companies with diverse supply-chains need
for a climate just emissions inventory. A significant difference between available data-
bases is the openness in terms of possibility to track combined productions, i.e. the avail-
ability of connected unit processes or conflated system processes. Furthermore, the ma-
jority of databases are ‘calculated” according to often diverging modelling principles, us-
ing system expansion or various allocation procedures i.e. mass allocation, value alloca-
tion, or exergy allocation [17].

Therefore, when a firm conducts a GHG inventory, it becomes essential to ask where
the emissions data is coming from, and the level of data quality required. As the majority
of a company’s emissions are in scope 3, they are by definition and in part, another com-
pany’s direct scope 1 and 2 emissions. Engaging suppliers on such topics may provide
advantageous reductions in a producer’s carbon intensities and add an environmental
layer to buyer/seller dialogue on how to further find mutual data driven benefits in their

IEmission intensity (EI) is often mixed up with Emission Factor (EF), which by the IPPC is reserved to describe the amount of
GHG’s i.e. emitted when combusting a fossil fuel. EFs are used as a component when determining Els describing emission
intensities of products or activities.
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partnership. For example, a clothing company may ask for emissions data and suggest
low carbon intensive energy solutions to their textile supplier which will “contribute” less
emissions to the final delivered product, reducing the product intensity and lowering the
operation emissions. By extending the requirement of quantification, customers request-
ing the emission intensity of the products they purchase can be satisfied by conducting an
LCA. However, as emissions are not yet a normal part of transactions, customers often
refer to LCA or EI databases in place of supplier specific data.

The GHGP has a set of recommendations that suggests how to navigate the variabil-
ity between supplier specific and average data Els (see table 1), starting with the most
desirable — supplier specific. Here suppliers can present a detailed account of the emission
intensities underlying the product transaction, however while the green transition is still
evolving, this is not yet commonplace. Least desirable in the GHGP is the spend based
method, which uses e.g. Environmentally Extended Input/Output (EEIO) models, that
produce results based on spend using sector average data. The GHGP suggests that mix-
ing these methods is acceptable, where for example, scope 3.1 Purchased Goods may be
calculated using an EEIO, and scope 3.6 Business Travel emissions using a process-based,
or supplier specific approach [21].

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

Table 1. Greenhouse Gas Protocol Data Hierarchy taken from the GHGP [21].

Calculation Method Upstream Production Emis- Supplier’s Scope 1 and 2

sions Emissions
Supplier Specific Supplier Specific Data Supplier Specific Data
Supplier Specific Data or aver-
Hybrid Method age data, or a combination of Supplier Specific Data
both
Average Data Method Average Data Average Data
Spend Based Method Average Data Average Data

4. Consequential and Attributional LCA

An important distinction to make when it comes to LCA’s, and the subsequent Els
used in GHG inventories, is that there are two main trains of thought that are defined by
asking different questions of the same data: Consequential LCA (cLCA) and Attributional
LCA (aLCA). As the names suggest, aLCA considers the product-specific attributes that
define the impacts from producing, consumption, and disposal of a product, asking the
question: what was the impact of this product? The method applies normative attributional
allocation of coproduction or partitioning of unit processes, in the attempt to model the
supply chain or the value chain, by using partitioning according to mass or value [17].

Consequential LCA provides information on the consequences or relative change of
impact at system level as a result of the production, consumption, and disposal of a prod-
uct, both in and outside of the product supply chain. cLCA avoids allocation by using
substitution, or systems expansion as it is called in the ISO 14040 series, where it also is
stated that “wherever possible, allocation should be avoided” [22]. Therefore, cLCA asks
the question: what will the system-wide impact be of additional purchase (consuming and dispos-
ing of) this product?

Under both approaches, the impact can be determined per unit of specific product,
such as a L of milk, or a kWh of electricity. However, since cLCA methodology includes
effects beyond the boundaries set in the supply or the value chain, it relies on modelling
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which productions respond to the increased demand and delineates the effect of these
changes by considering market effects and marginal suppliers, including considerations
of public regulations and other market external constraints [11,23-25]. For adequate com-
parison between aLCA results, methodology must share characteristics such as allocation
method, which is mostly determined by value- or supply-chain characteristics. This is de-
scribed by ISO as the partitioning of in/output flows of a process and can be done via
economic allocation or mass allocation. Partial substitution is also seen, especially in mod-
elling end-of-life processes, such as in the PAS2050 standard. In short, aLCA does not aim
to quantify the total change caused by the decision in question, which Plevin and Wenzel
argue is information essential for overall emission reductions [26,27]. The literature has
many real life and hypothetical examples showcasing these characteristics, for a non-ex-
haustive list see: Sandén and Karlstrom 2007; Thomassen et al. 2008; Weidema et al. 2018,
2020; Brander et al. 2019; Ekvall 2020; Schaubroeck et al. 2021b; Brander 2022; Brander and
Bjorn 2022; Lokke and Madsen 2022 [11,14-17,28-32].

The LCA literature agrees that uncritically mixing the two methods in a single anal-
ysis opens for misleading interpretations [17,30] as they ask different questions they can
result in different outcomes and should therefore be avoided [17,33,34]. Using data from
both methods in the same assessment is possible, however the problems arise when dif-
ferent data sources (implying different data collection principles) are vertically integrated,
i.e., using a tiered approach or partial disaggregation. Brander suggests an application for
both, where aLCA is be used for allocating responsibility, setting targets and tracking pro-
gress (the external inventory), however actions intended to reduce emissions are checked
with a cLCA method to prevent undesirable effects outside of the inventory boundary
(the internal inventory) — a common consensus in the literature [16,35]. The central dis-
cussion here is whether the transaction needs both methods. This has been discussed be-
tween Weidema et al. and Brander et al. [11,31,36], who agree regarding the importance
of applying consequential LCA to avoid suboptimized decisions but disagree regarding
the need of applying both methods. Our point is that in principle, consequential modelling
provides the essential answers for guiding decisions, and that the attributional modelling
is best substituted with traceable supply chain management, that partly enables account-
ing, and partly enables relevant modelling of the consequences of the system (Lokke &
Madsen 2022). However, the aLCA approach is seen in so many company level efforts on
presenting sustainability, through baseline emission inventories and net zero pledges,
that it is unthinkable to abruptly change the systems. Furthermore, the transition will in
reality require a massive learning process in terms of deeper understanding of what ques-
tions the two modelling approaches answer, and for that reason, a parallel combination
of aLCA and cLCA may be needed.

5. Decisions for improving decision support

Certainly, the debates in this space will have an impact on the future of GHG ac-
counting, with important steps achieved in defining both a/cLCA and describing their
characteristics and modelling limitations [17]. However, this still leaves common compa-
nies with the dilemma of how to navigate today’s economic and environmental transac-
tions. The amount of carbon quantification we see today is not sufficient. The reluctant
adoption of this technology is of course a complex issue, but the fact remains that most
transactions occur absent of emission disclosure, which presents an opportunity for inter-
vention. Without, those firms communicating results are faced with choices that don’t
have very many repercussions, yet: On the one hand a more comprehensive assessment
yields higher emission intensities, which despite providing more decision support, risk
climate-shaming the reporter in the short term, and on the other hand is an immediately
“green” marketable product boasting low emissions which lacks accountability and re-
stricts the potential for meaningful betterments and emission reductions in the future. In-
tentional or unintentional misleading constatations and suboptimal application of carbon
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management tools will result in false successes, and a lateral green transition rather than
one that drives reductions. This requires systems thinking and carbon literacy of the com-
pany to identify and decide on which information to use for decision support. Greenwash-
ing is a pervasive risk in this process, with some countries introducing policies to combat
it. For example, the European Green Deal describes that greenwashing is reduced when
reliable, comparable, and verifiable information is presented to buyers, and that “compa-
nies making ‘green claims’ should substantiate these against a standard methodology to
assess their impact on the environment” [37], and the Danish Consumer Ombudsman can
fine companies for such misleading communication [38].

Still, the marketability of emission disclosure is not lost on engaged producers, as it
presents a competitive metric that can be evaluated. In 2020, an 866-product carbon foot-
print database was published using CDP data, all of which follow aLCA methodology
(Meinrenken et al., 2020), adding to the growing list of attributional EI databases available.
This is partly due to a range of influences, such as the institutional inertia supporting
aLCA methods (the GHGP suggests using aL.CA for organisational inventories), the intu-
itive structure, or the market advantage of communicating on specific products, which
may be perceived by the customer as more precise as it reflects precise supply chain data
and proprietary information. However, precise supply chain data, and thereby precise
emission estimates within the supply chain is not in contradiction to cLCA methodology
— the difference lies in the interpretation of the data (Lokke and Madsen, 2022). There is
still need for a greater data foundation for public cLCA databases, which should be prior-
itized as decision support functions of inventories grow. One example is The Great Cli-
mate Database focusing on food products, which draws on Exiobase 3, an EEIO database
[39]. The major EEIO database Exiobase 3 is freely available for download [40] and is being
used to develop a disaggregated open access database covering all global regions [41].

Emission quantification will receive more attention after policies such as the CSRD,
and brings to question how accurate and relevant the disclosed emissions are, and what
purpose they serve? They must answer the right question which is often related to why
one conducts an emissions inventory in the first place. The environmentally conscious
company will likely point to global emission reductions as a main reason, suggesting
cLCA. But as we have discussed above, the risks of not disclosing are growing amidst an
increasingly concerned market and present opportunities for proactive firms, however
hasty adoption may result in suboptimal outcomes if suppliers are unable to match their
methods to those of their customers. Accuracy and relevance are two of five core princi-
ples of a GHGP inventory to ensure usefulness of the exercise but assumes consistent
methods of buyer and seller. As a result, the outcome of an externally aimed inventory
risks being interpreted as internal decision support material. However responsible deci-
sion support must adopt a consequential approach, referring to a system perspective that
reflects the consequences of decisions if the intention is to reduce global emissions [11].
The current GHGP framework does not explicitly facilitate this on the level where buyers
and sellers disclose emissions, although the World Resource Institute suggest using con-
sequential modelling when providing decision support or determining product emissions
against a counterfactual baseline scenario [35]. Weidema shows how three different per-
spectives are used to describe the impacts and responsibilities related to an activity, i.e., a
product or a service: value chain responsibility, supply chain responsibility and conse-
quential responsibility, where they argue only the consequential is indispensable in terms
of linking actions to changes in the state of the earth [11]. The GHGP Policy and Action
Standard and recently in its Land Sector and Removals Guideline draft (currently in pilot
testing phase) address the consequential perspective. They conclude that intervention-
based accounting (the consequential perspective) should be used to determine the impacts
of corporate actions but should be reported outside of a GHG inventory [42,43].
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6. Promoting systems thinking

To remain relevant through a green transition and minimize their transitional risks,
companies must direct informed initiatives to reduce their emissions, and disclose their
progress. If we are to achieve significant reductions widespread adoption must be seen,
however true decision support via carbon quantification is unintuitive compared to aLCA
and presents potentially conflicting messages to the common company. Regardless, to be
compliant with frameworks such as CDP, SBTi and the CSRD, a consumption-based in-
ventory is required by including scope 3 emissions. As the majority of a traditional firm’s
emissions lie with their suppliers, often times overseas, and the GHGP’s data hierarchy
prioritises supplier specific data, companies (especially ones with complex supply chains)
are then tasked with tracking the quality and characteristics of their available supplier
data, using databases that match their supplier’s data, or committing to consistent use of
a specific database. For CSRD compliant companies, access to the carbon literacy required
for such critical evaluation of supplier or database data can be achieved through new per-
sonnel or purchased through consultants. However, cascading effects will place onus on
smaller suppliers of CSRD compliant firms as they follow the GHGP and prioritize sup-
plier specific data. Those with sufficient data availability on their products and services
will gain market advantage, in turn progressing the green transition — but at what pace?
50,000 companies present a sizeable increase in the application of LCA and emission quan-
tification, as well as a risk of companies using the same inventories to guide decarbonisa-
tion. First round CSRD submission is planned for 2025, which presents a window of op-
portunity for the LCA community to shift attention to the superior decision support ca-
pabilities of cLCA and accelerate the decision-making capability of users.

One way this can be done is by revisiting the GHGP. The first GHGP was published
in 2001 and is now entering a revision period, and its new Land Sector and Removals
Guidance is in its pilot phase. We see this as a step towards making system thinking more
commonplace in the emission inventory, leading to truer decision support, but also rec-
ognize the need for correct and transparent data. We suggest that future guidance empha-
sizes decision support with systems thinking and for it to become a cornerstone for users
of the GHGP to facilitate an understanding of both their own system and the related global
impacts. There is potential for misleading results when overlaying the a/cLCA methodol-
ogies with the GHGP data hierarchy, and we therefore suggest introducing systematic
clarity to what the GHG inventory can and cannot be used for, what characteristics such
accounting methods would need to have, and by extension, increasing carbon and indus-
trial ecology literacy through clearer understanding of how organisation supply chains
interact with surrounding systems using consequential modelling principles. Fast-track-
ing such academic debates to limit interpretations in the GHGP could reduce the risks of
greenwashing and add to a swifter and more effective green transition.

Our takeaway is this: It is important for companies to go beyond their externally
aimed normative aLCA inventory for decision support to avoid counterproductive out-
comes. If this is not purposely done, companies using the GHGP as guidance for conduct-
ing GHG inventories risk not seeing important aspects of the production system and
therefore risk making suboptimal decisions with global repercussions. Companies should
therefore possess the carbon literacy and systems thinking to flip the hierarchy and make
critical decisions, and as a part of the process gain sufficient system understanding to
make the counterintuitive become intuitive. Alternatively, we altogether skip aLCA and
establish cLCA as the norm. There is no reason that CSRD compliant inventories cannot
have a systems thinking foundation, which equally applies to supplier specific data. cLCA
logically fulfils requirements of both the internal and the external assessment. Why are
we so entrenched in aLCA, when our accelerated deadlines cannot afford false or half
successes? CSRD compliance will be a sought-after certificate, and while companies are
adopting new structures with designated sustainability roles and personnel, many are not
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yet financially or structurally prepared for such additions with limited available resources
for these tasks. Replacing the external (aLCA) with the cLCA reduces the number of mod-
elling-approaches, streamlines implementation, and accelerates access to decision sup-
port. Furthermore, different questions asked with a cLCA approach will naturally give
different but internally consistent answers [32]. A first step is integrating this mode of
thinking into the standards the CSRD aligns itself to. However, in practice a prerequisite
and barrier is data foundation. cLCA data is growing, but as carbon footprints are becom-
ing an increasingly marketable parameter, there is need for an ontology with transparency
and provenance which enables preservation of both decision support ability and proprie-
tary information [44,45] such that suppliers can showcase their market-aligned character-
istics. Rearranging the existing structures to enable this will only become more difficult
the more entrenched aLCA becomes, unless there is greater adoption of systems thinking.
With the expected increase of firms adopting carbon quantification practices, there should
also be a heightened scrutiny of methods. As a result, LCA must undergo testing to assess
fitness for purpose. LCA is currently reserved for experts although made more accessible
through public databases, however with the boom of Al and semantic web it is only a
question of how long before there is available decision support through such sources. Still,
as with the above, this requires that users understand the ways they impact the larger
systems they are a part of. Regardless of how quantification will develop, the need for
both carbon and industrial ecology literacy are paramount to critically assess the greater
systems and use LCA in its most optimal form for decarbonisation.
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