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Abstract. To promote sustainable business practices, and to achieve cli-
mate neutrality by 2050, the EU has developed the taxonomy of sustainable
activities, which describes when exactly business practices can be considered
sustainable. While the taxonomy has only been recently established, pro-
gressively more companies will have to report how much of their revenue
was created via sustainably executed business processes. To help companies
prepare to assess whether their business processes comply with the constraints
outlined in the taxonomy, we investigate in how far these criteria can be
used for conformance checking, that is, assessing in a data-driven manner,
whether business process executions adhere to regulatory constraints. For
this, we develop a few-shot learning pipeline to characterize the constraints
of the taxonomy with the help of an LLM as to the process dimensions they
relate to. We find that many constraints of the taxonomy are useable for
conformance checking, particularly in the sectors of energy, manufacturing,
and transport. This will aid companies in preparing to monitor regulatory
compliance with the taxonomy automatically, by characterizing what kind of
information they need to extract, and by providing a better understanding
of sectors where such an assessment is feasible and where it is not.

Keywords: Sustainability - Conformance Checking - EU Taxonomy - Busi-
ness Processes.

1 Introduction

In light of the issue of climate change and unsustainable human activity [43], it is
important to promote sustainable business practices, i.e., conducting business in a
way that can meet the needs of the present generations without endangering those
of the future [6]. This need has also been identified by governing bodies, such as the
European Union (EU). As a consequence, the EU has defined the tazonomy for sus-
tainable activities [10,13], subsequently referred to by us as taxonomy. The taxonomy
aims to create clear indicators of when business activities are contributing towards
sustainability and when not, and to create financial incentives for proven sustainable
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business practices and investments into them [29,41]. For various business practices,’
the taxonomy defines criteria along which a substantial contribution towards sustain-
ability goals can be verified, and criteria which must not be violated. Increasingly,
companies will face having to assess their business processes for compliance with
the taxonomy [29]. However, assessing whether a business practice does or does not
meet relevant criteria is, so far, a manual process: Some companies offer manual or
semi-automatic questionnaire-based assessments; a taxonomy calculator provided by
the EU relies exclusively on manual input in the form of an Excel sheet.?

To overcome the challenges of manually assessing whether a business activity
meets the criteria of the taxonomy, it appears feasible to check in a data-driven
manner whether the execution of a business practice complies with relevant taxonomy
criteria or not. Since the definition of business practice [11] is closely related to that
of business processes [44], we interpret business practices as “categories” of business
processes, which allows us to investigate the taxonomy and its criteria from a business
process management (BPM) standpoint.

Conformance checking, which is a technique of the process mining and BPM fields,
aims to compare recorded business process executions in the form of an event log
with a formal representation of the to-be process behavior, so that either, the process
execution can be improved to more closely resemble the formal representation, or vice
versa [7]. Automatic compliance monitoring can use conformance checking techniques
with the goal of assessing whether a business process complies with regulatory con-
straints — such as those described in the taxonomy — during its execution, based on
recorded event data [16,21]. An overview of this is provided in Fig. 1. For applying con-
formance checking with the aim of monitoring compliance to the regulatory constraints
described in the taxonomy, this taxonomy first needs to be operationalized, that is,
translated into the form of a prescriptive model. Further, the prescriptive model and the
event data used for conformance checking need to align w.r.t. what information they
contain. For this, companies need to be aware of what data they need to capture during
the execution of their business processes. Therefore, we see a need to better understand
what data-capturing requirements the taxonomy imposes on business processes, and in
how far the constraints contained therein are even applicable for conformance checking.
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Fig. 1. Conceptual overview of compliance monitoring with conformance checking (7,21]

4 Referred to as economic activities in the taxonomy; to avoid confusion with the notion of
business process activities we use the term business practice.

® See https://viridad.eu, https://www.briink.com/solutions/esg-questionnaire-
assistant and https://ec.europa.eu/sustainable-finance-taxonomy/wizard [Ac-
cessed: 23/05/2024]
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Related work has focussed on extracting constraints from text directly into process
models (e.g., [1,30,47]) and on characterizing textual constraints based on i.a. their
relation to other constraints, process models, or their relevance to a given business
process (e.g., [39,45,46]). Our investigation, however, aims at an earlier stage of confor-
mance checking that does not require operationalization into a concrete prescriptive
model or a concrete business process against which conformance is to be checked.
Rather, we aim to understand what kind of requirements the taxonomy imposes on
event log data so that it can be captured and prepared for regulatory compliance
checking with conformance checking w.r.t. the taxonomy. For this, we first need to un-
derstand what kinds of constraints the taxonomy embodies (i.e., which characteristics
a prescriptive model would to make prescriptions towards, such as certain activities
that need to be executed in a specific order, certain thresholds that activities must not
exceed, etc.), and whether all of them can be related to a process view, since so far, it
is unclear to what extent the taxonomy can even be operationalized for conformance
checking. Therefore, this work aims to address the following research questions (RQ):

RQ1: How can the EU taxonomy be operationalized with regard to business pro-
cesses?

RQ2: Which constraints of the EU taxonomy can be used for automatically assessing
whether a business process fulfills its respective sustainability criteria with
conformance checking techniques?

Since the taxonomy contains constraints for around 80 types of business prac-
tices [28,41] — which makes a manual characterization of the entire taxonomy infeasible
— this work uses a few-shot machine learning approach to gain insights into what con-
straints the taxonomy consists of, and how they might be operationalized in practice.
In doing so, we also explore the potential of novel approaches based on large language
models (LLMs) for operationalizing regulations in the area of conformance checking.

The remainder of the article is organized as follows: Section 2 provides background
on the taxonomy, regulatory compliance monitoring with conformance checking,
and few-shot learning approaches. Section 3 provides related work on approaches
for extracting rules from text for compliance monitoring. In Sec. 4, we present the
research approach of this paper. Section 5 provides the results thereof, characterizing
the constraints of the taxonomy and its potential for conformance checking uses. We
further discuss their implications for practice in Sec. 6. Finally, Sec. 7 provides future
work and concludes the article.

2 Background

Next, we will outline the general idea of the EU taxonomy, and we will give an overview
of automatic compliance monitoring approaches within the business process literature.

2.1 EU Taxonomy for Sustainable Activities

In order to create incentives for investments in sustainable technologies and to provide
a transparent classification system for when business practices are sustainable, the
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EU has established the tazonomy for sustainable activities [2,10,41]. The ultimate
objective behind the taxonomy is to support the EU in transiting to climate neutrality
by 2050 [29,41].

In essence, the taxonomy defines six environmental objectives with which sus-
tainable business practices are identified: 1) mitigating climate change; 2) adapting
to climate change; 3) sustainably using and protecting water and marine resources;
4) transitioning to a circular economy; 5) preventing and controlling pollution; and
6) protecting and restoring biodiversity and the ecosystem [8,28]. Not all possible
business practices of all industries are covered by the taxonomy, but only those which
are deemed to be able to make a substantial contribution towards climate neutrality,
or are needed for other sectors to make a substantial contribution [41]. If a business
practice is part of the taxonomy, it is called taxonomy-enabled, and can potentially
make a contribution to one of the six environmental objectives. If a taxonomy-enabled
business practice: 1) indeed contributes to one of the environmental objectives; 2)
causes no significant harm (DNSH) to any of the six objectives; 3) meets minimum
safequards (such as the UN Guiding Principles on Business and Human Rights);
4) adheres to technical screening criteria, it is, in fact, sustainable according to the
taxonomy [2,8,28]. Business practices that meet all of these criteria are also called
taxonomy-aligned. In short, to be taxonomy-aligned, a taxonomy-enabled business
practice must contribute to at least one of the six environmental objectives, must
not cause significant harm to any of the others, and must meet minimum safe-
guards [2,8,28]. Notably, the minimum safeguards are not directly defined in the
taxonomy, but rather, are references to taxonomy-external guidelines and regulations.
Concretely, organizations need to ensure that they follow the OECD Guidelines for
Multinational Enterprises, UN Guiding Principles on Business and Human Rights,
the Declaration of the International Labour Organisation on Fundamental Principles
and Rights at Work as well as the International Bill of Human Rights [13, Article
18]. Since the focus of our work is on compliance of business processes and not of
organizations or supply chains, and minimum safeguards are often not assessed on the
level of business processes [29], we forgo including these external constraints in our
investigation. Figure 2 provides a schematic overview of the taxonomy and its concepts.

For assessing the taxonomy alignment of a taxonomy-enabled business practice, the
taxonomy describes technical screening criteria, which describe under which circum-
stances an activity either makes a contribution or causes significant harm to an environ-
mental objective [28,41]. It should be noted that a business practice is not necessarily
able to make substantial contributions to more than one economic objective, and hence
may have only one set of technical screening criteria for one substantial contribution.

For an illustration of how the taxonomy documents technical screening criteria for
environmental objectives, we refer to the EU’s tazonomy compass and the correspond-
ing Excel file.® Generally, for each business practice, a set of possible environmental
objectives to which a substantial contribution can be made is provided — for each
objective, criteria for a substantial contribution, as well as DNSH, are documented.

5 See https://ec.europa.eu/sustainable-finance-taxonomy/taxonomy-compass/
the-compass and https://ec.europa.eu/sustainable-finance-taxonomy/assets/
documents/taxonomy .x1sx [Accessed: 18/06/2024]
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Fig. 2. Schematic overview of the EU taxonomy for sustainable activities and its concepts,
derived from [10,12]

By determining how many of their business processes align with the taxonomy,
companies can report how much of their business output is generated via sustainable
business practices [12,29]. For this, companies need to know exactly which of their
business practices are not just taxonomy-enabled, but also taxonomy-aligned — and
in the future, these taxonomy disclosures will be subject to mandatory audits [29)].
Notably, from 2025 onwards, companies that meet certain characteristics (i.e., more
than 250 employees, more than EUR, 25M balance sheet total, or more than EUR
50M net turnover) will be obligated to do so, with the threshold for having to report
decreasing in subsequent years [29]. Small and medium-size enterprises will also be
subject to a disclosure obligation [29]. Therefore, it appears prudent to investigate how
automatic business process compliance monitoring can help companies in assessing
the taxonomy-alignment of their business processes.

2.2 Automatic Business Process Compliance Monitoring

The automatic monitoring of business process compliance [27] allows organizations to
ensure their business practices comply with regulations [18]. Through an analysis of
process execution data, it is possible to check at runtime if a business process complies
with specified rules [16,21]. Figure 1 provides a conceptual overview of automatic
compliance monitoring with conformance checking, with the EU taxonomy being one
example of a regulation that can be operationalized. In order for an organization to
adopt these techniques, the following steps need to be taken [7,21]:

1. The relevant piece of regulation needs to be operationalized into a prescriptive
model. This model embodies constraints towards one or more process dimen-
sions [37], which are control-flow, time, resources, and data [7,21], of the process
under investigation.
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2. An event log needs to be extracted from recorded process executions, describing
the actual process behavior [36].

3. The prescriptive model and event log are used by a conformance checking algo-
rithm, which checks whether or where the process deviated from the prescriptive
model. This can serve as a starting point for further diagnosing or explaining
deviations, and subsequently, remedying unwanted deviations [7,21,35].

It should be noted, however, that the prescriptive model and event log need to align
in their respective process dimensions: If, for example, the prescriptive model imposes
constraint on the data dimension of the investigated process, but the event log does not
contain this information, the conformance check cannot yield the desired insights [7].
Hence, organizations need to know, potentially in advance, which process dimensions
are, in fact, relevant for the conformance check. Based on this, they can appropriately
capture the relevant execution data and extract it into the subsequent event log.

3 Related Work

In this paper, we investigate the properties of the EU taxonomy for sustainable
business practices and its potential for being used for compliance monitoring with con-
formance checking, by extracting insights from the taxonomy’s regulatory texts and
the compliance constraints described therein. In that respect, our work relates to other
contributions that also deal with rule extraction for conformance checking/process
mining purposes, and contributions that use machine learning techniques to do so.

Constraint Extraction from Text. For extracting compliance constraints from reg-
ulatory documents, Dragoni et al. [9] propose a pipeline that combines multiple
natural language processing (NLP) approaches. With their proposed pipeline, rules
(in this case in the form of obligations, permissions, and prohibitions, see Hashmi et
al. [19]) can be extracted into formal representations for a given regulatory text. Using
semantic annotations, a process model can then be checked for whether it complies
with the formal representations — this check is further described by Governatori et al.
[15]. Moreover, Winter and Rinderle-Ma [47] describe an approach to generate process
model fragments from regulatory documents by extracting constraints and their
relation. Similarly, van der Aa et al. [1] describe an automatic approach for extracting
declarative process models from natural language text that describes a process. Bar-
rientos et al. [3] design an approach for extracting temporal constraints from natural
language texts and determining violations thereof in an event log. Focussing on re-
source compliance, Mustroph et al. [30] extract compliance requirements from natural
language with GPT-4, which are then matched to and verified against an event log.
Further, Mustroph et al. [31] describe how generative AI, or more specifically, GPT-4,
can be used to pre-process resource-related regulations into social network graphs.
Based on these, they are able to detect compliance violations of process executions.

Characterization of Constraints. In terms of characterizing constraints present in
regulatory documents, Winter et al. [48] provide a technique for characterizing
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regulations based on text mining and clustering algorithms that can derive significant
sentences for a regulatory document, which can be manually translated into e.g.
process models. Similarly, Winter and Rinderle-Ma [46] design an approach to group
constraints from textual documents and detect relations between them, e.g. based
on similarity. Moreover, Winter et al. [45] provides a method for matching parts of
regulatory documents with process models, which then allows a compliance assessment
of the matched regulatory constraints and the process model. Aiming to facilitate
a better understanding of regulatory documents, Sai et al. [38] propose an approach
to parse legal definitions and relations between terms from regulatory documents
into a knowledge graph, so that regulatory documents can be better understood and
analyzed. Further, in order to compare regulatory documents with their translation
into company-internal requirements, Sai et al. [40] provide an NLP-based which can
detect deviations between the two documents, and helps to detect root causes of textual
deviations. Finally, Sai et al. [39] investigate an automated approach for identifying
passages of regulatory texts that are relevant for a business process based on the
processes textual description. They find that expert judgement cannot be replaced by
generative Al but see the potential of Al uses for taking into account vaster amounts
of context, which the authors deem to be advantageous in more complex settings.

In contrast to these contributions, which primarily focus on extracting constraints
directly or characterizing them w.r.t a process model, event log or other texts, we exclu-
sively focus on characterizing the constraints for the process dimensions they constrain.
This would facilitate data extraction of recorded process execution and translation
of the taxonomy into concrete constraints for subsequent analyses. However, with
our categorization as a starting point, relevant extraction and matching approaches
can be chosen, and the relevant data can be stored during process execution.

Notably, there is currently no automated approach that helps companies to un-
derstand the requirements posed on business process executions by regulatory texts
w.r.t. the process dimensions so that the log and the subsequent prescriptive model
pertain to the relevant perspectives and contain relevant information for compliance
monitoring with conformance checking. In particular, the taxonomy has not yet been
considered in this light — however, concepts from existing approaches can inform
the design of new mechanisms, such as ours.

4 Mapping Sustainability Regulation to Conformance
Constraints

In order to operationalize the taxonomy for business processes, we need to identify
process constraints within the taxonomy. This allows us to transform the abstract rules
for business practices into specific problems that can be addressed using automatic
conformance monitoring.

We assume that it would be best to use an industry expert with conformance
checking knowledge to classify each rule of the taxonomy. However, since such experts
are rare and the taxonomy covers many varying industries, an alternative solution
becomes necessary. Because of this, we decide to use LLMs, since they are trained on
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a wide variety of texts from different domains. Furthermore, our task can be framed
as a text classification problem, and it was shown that LLMs can be used as Few-Shot-
Classifiers [5]. Meaning that an LLM, which is trained for one task such as next text to-
ken prediction, can be with sufficient instructions utilized to perform another machine
learning task, in our case text classification of the taxonomy. In particular, previous
work has shown that LLMs can be successfully be used for process analysis tasks [17].

In order to characterize the taxonomy, which consists of several regulatory texts for
each business practice and environmental objective it considers, we need to apply an
LLM to each regulatory text and extract relevant information about the constraints.
For this, we developed a pipeline, which we outline in the subsequent Section 4.1,
drawing on the capability of LLMs to be applied in this manner.

4.1 Overview

The overall approach for characterizing the constraints, or technical screening criteria,
of the taxonomy for the process dimensions they pertain to, is illustrated in Fig. 3. The
pipeline we describe consists of three stages: First, the taxonomy is preprocessed (see
Section 4.2). Second, for each set of technical screening criteria of each business practice
and environmental objective, an LLM is prompted to identify the types of constraints
contained therein (see Section 4.3). Third, the LLM’s output is parsed, and the
numbers and types of constraint per business practice and environmental objective is
extracted (see Section 4.4). Finally, the resulting data is collected and can be analyzed.

/ ( )
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Activity: C21.1
Substantial Contribution:

control-flow: 3,
temporal: 0

Objective, Econ.
Activity, Techn.
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Integrate Footnotes
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DNSH Water:

Fig. 3. Schematic overview of the taxonomy constraint characterization pipeline

4.2 Preprocessing

For the preprocessing step, we begin to read the entire taxonomy, which is available
in the form of an Excel file.” For each environmental objective, the taxonomy file

" https://ec.europa.eu/sustainable-finance-taxonomy/assets/documents/
taxonomy.x1sx [Accessed: 18/06,/2024]
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contains a sheet, in which each environmental activity as well as 1) the corresponding
technical screening criteria for a substantial contribution to the objective, and 2)
the technical screening criteria for DNSH to all other objectives are listed. Further,
footnotes pertaining to each activity are contained in a column in each sheet. In
order to make all relevant information available to the subsequent prompting step,
the footnotes are appended to each technical screening criteria block of an activity
if they are referenced therein.

4.3 Prompting

Subsequently, the approach iterates through the taxonomy in the following manner: For
each of the six climate objectives, and for each business practice that can make a sub-
stantial contribution to that objective, the taxonomy contains: 1) a text that describes
the technical screening criteria with which a substantial contribution can be deter-
mined, and 2) up to five texts that describes the technical screening criteria with which
significant harm to the other objectives can be determined. For each of these texts, the
approach prepares a prompt to an LLM, with which the types of constraints and num-
bers thereof present in the respective technical screening criteria can be determined.
The prompt includes a small task description and a brief explanation of the process
constraint types, as well as the text passage that is currently being characterized.

We differentiate the process constraints along two aspects: (i) We classify what
process dimension [7,37] is targeted by a constraint. We categorize constraints
into one of the following dimensions: control-flow, temporal, resource, and data. Alter-
natively, a constraint can be irrelevant from a process perspective; (ii) Furthermore,
we distinguish the granularity of a constraint: meaning a constraint can either be
targeted towards an aspect within an activity or between activities.

An example of a temporal constraint between activities could be the requirement
to perform one specific activity within one week after another activity was performed,
while an example of a resource constraint within an activity is an activity that
needs to be performed by a person with a specific certification. Constraints classified
as pertaining to the control-flow within an activity can be understood as activity
ezistence constraints.

The prompt to retrieve this information is structured as follows:

— Briefly, the overall objective is described;

— The different types of process constraints are described, as well as the difference
in granularity;

— Examples consisting of excerpts of the taxonomy and their potential classification
are provided;

— The exact task of characterizing a section of the taxonomy is described;

— Requirements regarding the output are described;

— A placeholder is provided where, during pipeline execution, a description of the
business practice can be inserted; and

— A placeholder for the text passage of the taxonomy for which the characterization
needs to be done is provided, which will be filled during pipeline execution.



10 F. Klessascheck et al.

The entire prompt template is available online.® As a result, we receive the following
information as a response from the LLM, giving us insights into the process constraints
covered by a particular set of criteria:

# of activity existence constraints of process activities
# of control-flow constraints between process activities
— # of temporal constraints within process activities

# of temporal constraints between process activities

— # of resource constraints within process activities

# of resource constraints between process activities

— # of data constraints within process activities

# of data constraints between process activities

— # of process-irrelevant constraints

4.4 Parsing

Each response of the LLM to a prompt of one text (that describes a set of technical
screening criteria) is parsed individually. The prompt instructs the LLM to return
the results in a particular JSON-like notation. This is depicted in Listing 1.1.

Listing 1.1. Excerpt of the prompt template, describing the required response structure
{’control -flow’: {
within_activities ’: [no. of activity existence constraints],
’between_activities
>: [no. of control-flow constraints between activities]},

’temporal ’: {
within_activities
>: [no. of temporal constraints within activities],

between_activities
>: [no. of temporal constraints between activities]},
’resource ’: {
‘within_activities ’: [no. of resource constraints within activities],
’between_activities
’>: [no. of resource constraints between activitiesl},

’data ’:{
‘within_activities ’: [no. of data constraints within activities],
‘between_activities ’: [no. of data constraints between activities]},
irrelevant ’: [no. of process-irrelevant constraints]}

In addition to some further processing steps (such as replacing comment-like symbols),
this structure and the number of the respective constraints are extracted from the
response. Additionally, we store the entire response text, as it often contains the
LLMs “explanation” for the constraints that were identified. As a result, we know
the number of constraints and types of one set of technical screening criteria for
one business practice and one environmental goal. The parsing step is repeated for
all further sets of technical screening criteria and prompt responses of each activity.
Ultimately, we end up with six datasets, one for each environmental objective. Fach
dataset contains information on the number of constraints imposed on each business
practice by the substantial contribution and DNSH criteria, which, once collated,
subsequently allows further analyses.

8 https://github.com/fyndalf/unlocking-sustainability-compliance-replication-
package


https://github.com/fyndalf/unlocking-sustainability-compliance-replication-package
https://github.com/fyndalf/unlocking-sustainability-compliance-replication-package

Characterizing the EU Taxonomy for Business Process Management 11
5 Experimental Validation

In this section, we use our approach to validate the extraction of conformance con-
straints from the EU taxonomy. First, we outline our experimental setup in Section 5.1.
Next, we apply our approach to the EU taxonomy and report the results in Section 5.2.
Finally, we show the validity of our approach in Section 5.3.

5.1 Experimental Setup

We implemented the pipeline using Python 3 and Pandas in a Jupyter Notebook.The
entire implementation, as well as all data we used and generated, is made available
online for reproducibility purposes.” Additionally, the LLM we used in this study
was Meta’s Llama3,'? which is openly available. More precisely, we used llama-3-8b-
instruct, which is a version of Llama3 with 8 billion parameters that is fine-tuned
for following instructions. Our prompting followed the official Llama3 documentation.
For guaranteeing a quasi-deterministic output, we followed guidance on model-specific
settings (such as temperature, seed). Instead of self-hosting Llama3, we opted for
using a web-based service (https://groq.com), which at the time of writing offered
free AP access to a hosted instance of Llama3. However, our implementation can
easily be adapted to access other hosts or LLMs.

5.2 Results

Constraint Types. When analyzing the process constraints extracted with our pipeline,
we observe the following distribution of constraint types: Out of a total of 1636
constraints we identified, we see a large focus on control-flow constraints (activity
existence: 624; between: 8). For example, in order to make a substantial contribution
to climate mitigation, market research and development business practices in the area
of emission reduction technologies are required to have obtained a permit for operating
a demonstration site, which can be interpreted as an activity existence constraint.
Further, to contribute to the climate mitigation objective, business practices concerned
with the construction, extension and operation of waste water collection and treatment
must under some circumstances conduct an assessment of greenhouse gas emissions
and subsequently disclose the result to investors (which can be understood as a
control-flow constraint). This is followed by process-irrelevant constraints (323). For
example, the substantial contribution criteria to climate mitigation of operating and
providing personal mobility devices logistics requires that the vehicles are allowed
to operate on the same infrastructure as bicycles and pedestrians, which is related
rather to the environment in which the business practice is conducted, and not the
business practice itself. The third-most present constraint type is the one of data
constraints, both within process activities (284) and between them (255). For example,
the substantial contribution criteria for climate mitigation of the manufacturing of

% https://github.com/fyndalf/unlocking-sustainability- compliance-replication-
package
19 https://1lama.meta.com/1lama3/ [Accessed: 18/06/2024]
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iron and steel describes greenhouse gas emission threshold for individual steps of the
manufacturing process. As another example, the DNSH to pollution criteria for the
biodiversity objective of conservation and environmental protection requires the use of
fertilizers across the entire business practice to be minimized, which can be understood
as a data constraint between activities. Less common are resource constraints (within:
96; between: 2) such as the substantial contribution criteria for the circular economy
objective of the business practice of preparing end-of-life products and components for
re-use, which makes requirements towards the tools and equipment being used. Finally,
temporal constraints (within: 8; between: 36) are the least common: For example,
the business practice of providing solutions for flood and drought risk prevention and
protection is required to review the implemented solution periodically, in order to
make a substantial contribution to the water protection objective.
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Fig. 4. Constraint types per industry sector across all environmental objectives and screening
criteria

Industry Sectors. Looking at the individual industry sectors, we can further observe
several patterns in the constraint types. Figure 4 depicts the sectors and constraints
identified across all environmental objectives and screening criteria. First, we ob-
serve that energy, manufacturing, water, and transport are the industries most often
constrained as to their contribution towards one or more climate goals. Noticeably,
we see that activity existence criteria (such as permits that need to be obtained,
assessments that need to be conducted) and data constraints (such as greenhouse gas
limits, energy usage limits, etc.) play a vital role in assessing the taxonomy alignment
in these sectors. Second, we see that resource constraints between activities, as well
as control flow and temporal constraints play less of a role across all sectors. In the
finance and insurance sector, we only identified two process-relevant constraints and
two irrelevant ones. Finally, we see that three sectors, namely education, entertain-
ment and human health /social work, have no identified constraints at all. A manual
investigation into the taxonomy reveals that for both sectors, the taxonomy only
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provides substantial contribution criteria to the climate adaption goal, and no DNSH
criteria. The substantial contribution criteria are provided in a very abstract manner,
and we were unable to manually identify fine-grained process constraints.

Environmental Objectives. Next, we analyze the constraint types belonging to the
screening criteria of different environmental goals (meaning, the respective substantial
contribution criteria of one goal and the associated DNSH criteria for all other goals).
Figure 5 illustrates the number of constraints of each type per environmental objective.
Here, we see that climate adaption and climate mitigation — which are the two
environmental objectives with the highest number of business practices for which
they govern taxonomy alignment — also contain the highest number of constraints
across all types. Interestingly, we see that constraints related to the goals of pollution
prevention and water protection are not at all characterized w.r.t. control-flow or
temporal aspects within activities, while some constraints for the biodiversity, climate
adaption, and climate mitigation use these process dimensions. Across all environ-
mental objectives, however, we see a general focus on activity existence and data
constraints, with resource constraints within activities also being represented.

Biodiversity /19 1 1 2 3 8 5 0 6
250

Circulareconomy ¢ 0 0 2 34 43 20 1 27
200

Climate adaption K} 5 5 6 [EERCER 24 0 gE

Goal
@
o

Climate mitigation pit®} 2 2 24 ERESPS] 34 0 §EL)

Pollution prevention (833 0 0 1 10 17 10 1 5
- 50

Fig. 5. Number of constraints per type and environmental objective

5.3 Validation

For validating our approach and the resulting insights, a research assistant with
a background in environmental and resource management and one of the authors
with a background in computer science and BPM manually assessed a sample of
the taxonomy and constraint characterization (i.e., all 357 characterizations for the
environmental objectives of water protection, circular economy, pollution prevention,
biodiversity protection). We compared each characterization and the underlying re-
sponse of the LLM with the taxonomy’s original text and assessed whether the result
was entirely plausible (we deem that all constraints have been found and classified
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accurately), largely plausible (we deem that all constraints have been found, with a
slight deviation in the constraint types; such as when a constraint that can be read as
an activity existence constraint requiring an activity to be executed has instead been
read as a resource constraint requiring the activity to be executed by a specific role
or resource), somewhat plausible (we deem that most relevant constraints have been
found, but their classification is debatable), or implausible (we deem that central
constraints have not been found, or constraints have been clearly mischaracterized).
Conflicts regarding the plausibility assessment were resolved in discussions. This
mode of validation allows us to assess the results of our approach without creating a
“gold standard” result (as other studies do, see e.g., [39]), since we lack the regulatory
expertise which would be necessary for creating such a standard.

Table 1 shows the share of constraints we assessed regarding their plausibility. We
see that 340 of 357 characterizations are at least assessed as somewhat plausible. Dis-
tributing the plausibility on a four-step scale (three being entirely plausible, zero being
implausible), we see an average plausibility of 2.74, i.e., more than largely plau-
sible. This means that, in general, we expect a characterization to be at least largely
plausible. While we observed implausible characterizations, they seem to largely stem
from references to taxonomy-external regulatory texts and standards which have not
been considered and ambiguous terminologies (such as “times” as a frequency instead
of referring to a temporal aspect). Overall, we infer that the classification approach can
serve as a starting point for creating prescriptive models, and that it provides largely
plausible constraint characterizations, which may need to be supplemented with a man-
ual investigation. This is particularly the case when external regulations are involved.

Table 1. Plausibility assessment of 357 constraint characterizations

Assessment, Entirely Plausible|Largely Plausible|Somewhat Plausible|Implausible
Characterizations 308 24 8 17

6 Discussion

After presenting and validating our results, we now discuss them further. As we have
seen, business practices in the industry sectors of energy, manufacturing, transport,
and water and waste constitute a large part of the process-relevant constraints we
identified and thus appear well-suited to be investigated for their taxonomy alignment
with conformance checking. In some sectors, particularly finance, education, enter-
tainment, human health and social work, we were unable to identify a high number
of constraints that would have been operationalizable for conformance checking.
Therefore, we conclude, that these sectors appear less promising for applications of
compliance monitoring with conformance checking.

In general, we can apply conformance checking to around 80% (i.e., 1313 of 1636)
of the constraints which we identified in the taxonomy. For all other constraints, and
in particular, in sectors where we had difficulties automatically identifying constraints,
conducting manual compliance monitoring and taking further expert knowledge into
account appears indispensable. Hence, we have answered RQ2.
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Further, as we have shown, the approach we have designed can aid in the creation
of prescriptive models for compliance monitoring with conformance checking by
helping end users to better understand: 1) what types of constraints are likely to be
present in a single relevant piece of regulation (since it can be difficult to determine
the concrete constraint type, or whether constraint is actually operationalizable),
and 2) what types of constraints comprise a larger set of regulations (as it helps
in choosing and implementing correct techniques). As a subsequent step, end users
then need to operationalize the constraints into a prescriptive model for automatic
compliance monitoring with conformance checking, drawing on existing approaches
for this, in relation to actual business processes. This allows the taxonomy to be
operationalized for business processes. Therefore, we have addressed RQ1.

Taking a broader look at relevant BPM techniques, we believe that a particular
focus on greenhouse gas emissions as data constraints, especially in the sectors of
manufacturing, transport and energy, gives new importance to BPM approaches
focussed on assessing emissions of business processes on process and activity levels
(see, e.g., [22,33,34]). Broader still, the taxonomy itself has been the subject of
various criticisms. On the one hand, the taxonomy’s underlying notion of sustain-
able development [2] has been criticized as ambiguous and an oxymoron [20], and
counterproductive to actual sustainability [32]. On the other hand, the taxonomy
has also been described as too restrictive and as a bureaucratic burden that would be
unable to benefit the overall economy [25]. Hence, the role played by the taxonomy
in promoting sustainability is still subject to scholarly debate.

Nonetheless, this is one of the first papers to bring an understanding of the tax-
onomy to the business process management and enterprise computing communities.
We have striven to provide conceptual clarity and impulses for future research on the
taxonomy and its potential for sustainable business practices. Further, we believe that
the pipeline we developed can potentially be applied to other regulatory frameworks
as well.

Threats to Validity. There are several threats to the validity of our study. First, we have
not validated the constraint characterization in its entirety, and have rather focussed
on plausibility instead of completeness. However, our experimental validation showed
that the characterization is generally plausible, and can serve as a starting point for
further manual investigation. Second, for compliance monitoring with conformance
checking, the prescriptive process model into which regulations are operationalized
needs to be shown to be regulatory compliant as well (see [16]). This is a concern
explicitly not addressed in our approach, as we have investigated in how far a pre-
scriptive process model can be created at all. Moreover, technical limitations of LLMs,
such as “confabulations”, “hallucinations” and inherent biases (see, e.g., [4,26,42]),
apply to our study as well. However, our application is concerned with a very technical
lens and is less of a generative application scenario. By following existing knowledge
on prompt engineering in the BPM discipline, we sought to curb the impact of these
limitations. Further, while our approach may produce results with some inaccuracies,
the classification can still serve as a starting point for investigating individual con-
straints in depth. Finally, other techniques in the compliance checking space exist that
may allow further kinds of constraints to be extracted from regulations against which
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processes can be checked. However, as our investigation has been concerned only with
conformance checking applications — which are limited to the four process dimensions
of control-flow, time, resources, and data — we did not consider them further.

7 Conclusion and Future Work

To conclude, in this paper we have investigated if the EU taxonomy for sustainable
activities can be operationalized for automatic compliance monitoring. For this, we
have developed a pipeline that uses few-shot learning with an LLM, to identify and
characterize the types of constraints applicable for conformance checking. We saw that
many constraints of various industries can, in fact, be operationalized for this, which
will allow companies to automatically monitor compliance with regard to the taxon-
omy. We have demonstrated that operationalizing the EU taxonomy into constraints
for conformance checking may be partially automated; in this paper, we provide a
starting point for such an automation. Besides this technical contribution, we have
also introduced the taxonomy to the business process management and enterprise
computing communities. The characterization pipeline may provide beneficial for
assessing the capability of other complex regulatory frameworks as well.

Future work includes translating our classification approach into real-world appli-
cation scenarios — further investigating how stakeholders can be supported in creating
prescriptive models in line with the EU taxonomy, and how event log capturing and
extraction benefits from our constraint classification would be a valuable contribution.
We also aim to conduct more in-depth empirical evaluations of our mapping approach
by comparing automatically generated results with results generated by taxonomy
experts. Moreover, since we focus exclusively on business process compliance and have
abstracted away from constraints regarding their broader context, we have explicitly
excluded the analysis of minimum safeguards. However, approaches that enable
compliance monitoring of constraints across organizations exist (such as [14,23,24]),
and fruitful future work might lie in operationalizing the regulations and guidelines
relevant to the taxonomy’s minimum safeguard criterion for these approaches. Finally,
we believe that providing concrete guidance to end users in the form of a “handbook”
or constraint patterns based on our preliminary findings reported herein would be
a relevant addition.
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