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1. Introduction

Over the past decade, there has been a growing focus on Environmental, Social, and Governance (ESG) factors, leading to a profound transformation in both the financial and industrial markets (Senadheera et al., 2022). This transformation is evident both from a regulatory perspective – through the imposition of binding disclosure and reporting obligations on companies, economic operators, and institutional investors (Ho et al., 2019) – and from an operational perspective, with the introduction of social responsibility measures for those who do not operate in a traceable, transparent, and coherent manner (Zervoudi et al., 2025) concerning non-financial information provided to the public and market participants (Green, 2018). This shift has also been influenced by value commitments towards greater sustainability (López-Cabarcos et al., 2025) and the protection of intergenerational interests (Cheong, 2025), which demand the promotion of a lasting balance between economic growth (Diaye et al., 2022), social inclusion (Poggi, 2025), and environmental protection (Li & Li, 2022), both in the short and long term. From this perspective, the environment is now legally and socially recognized as a primary and indispensable asset and an essential prerequisite for human survival (Bratspies, 2015), based on a responsibility and solidarity framework between businesses, citizens, and the environment (de Larragán, 2011), with the need for businesses to align their management decisions with this limitation (Annesi et al., 2025).
This societal shift – manifesting in a new collective awareness that imposes growing obligations on businesses not only in terms of operational and managerial compliance with ESG principles but also in terms of truthful, transparent, accurate, and non-misleading communication of all initiatives undertaken in the environmental and social domains (Mollers, 2022) – has made the market increasingly sensitive to the reputation and public perception of corporate actions (Khalid et al., 2024). The communication and transparency framework has become a competitive tool (Gao et al., 2025), capable of influencing purchasing decisions, investment policies, and, more generally, the competitive positioning of market operators, especially in a globalized and interconnected economic context. In the absence of accuracy and transparency, misleading practices may arise that fail to ensure consistency between the company’s actual conduct and the public statements made (Utz, 2019), giving rise to forms of façade environmentalism (Blandini et al., 2022) that artificially present positive environmental credentials, with the sole purpose of obtaining reputational advantages and economic returns based on asymmetric information between businesses, consumers, and competitors (Seele & Schultz, 2022).
In the banking and financial sector, greenwashing – i.e., the promotion of superficial or misleading sustainability claims (de Freitas Netto et al., 2020) – presents a particularly insidious risk, as it takes on multidimensional characteristics and may contribute to the systemic erosion of public trust in the sector's overall commitment to sustainability (Ghaemi Asl et al, 2025). This distorts, potentially significantly, the credibility and overall resilience of the banking market (Neves Proença et al, 2025) which would require, instead, a proper allocation of resources and a high level of consumer trust. Greenwashing, instead, harms operators who genuinely invest in the ecological transition compared to those employing opportunistic communication strategies aimed at conveying an artificial image of their sustainability commitments (Senftleben, 2024). Within the context of an economy increasingly focused on the internalization of environmental impacts (Eidelwein et al., 2018), the banking sector must also reformulate its operational and investment strategies according to ESG criteria (Menicucci, 2025), orienting itself towards a decarbonized, inclusive, and resilient economy that is not merely superficial, but that treats these criteria as intangible and essential assets (Lapinskaitė et al., 2025) for the proper functioning of financial markets. The urgency of this requirement is underscored by a systemic reality: the traditional axiological equation between economic development, social progress, and environmental protection has, in practice, resulted in a marked predominance of the former two dimensions over the latter (O'Hara, 2009). This has led to the progressive erosion of natural capital at an unsustainable rate, far exceeding the regenerative capacity of ecosystems (Nemetz, 2022).
The field of sustainability and environmental protection has been the focus of numerous interventions by European Union (EU) lawmakers, aimed at significantly reducing the scope for market self-regulation, which has failed to deliver adequate results (Vigneau & Adams, 2023). These structural responses, within the framework of the so-called Green Deal, aim to shift the regulatory axis from a voluntaristic paradigm to one based on stringent obligations capable of reorienting financial flows towards investments compatible with the EU's climate objectives (Bruno & Lagasio, 2021). In light of these ambitious goals, lawmakers have established specific provisions "to tackle unfair commercial practices that mislead consumers and prevent them from making sustainable consumption choices," with regulations intended to combat “misleading information about the social characteristics of products or traders’ businesses, or non-transparent and non-credible sustainability labels" (Directive 2024/825). The European legislator pursues a dual objective: on one hand, to protect the average consumer from manipulative practices that can unduly influence purchasing decisions (Leblebici Kocer et al., 2023); on the other, to ensure fair competition among businesses (Agarwal, 2021), discouraging the instrumental use of sustainability as a marketing lever without real substance.
In light of this regulatory framework, this paper aims to assess, through textual and semantic analysis facilitated by cutting-edge linguistic models, whether the most recent non-financial statements publicly available and produced by major European banking groups contain formulations that could potentially be categorized as misleading according to the EU legislative standards. The analysis is based on the premise that if environmental communication is to comply with transparency, truthfulness, and verifiability criteria (Dathe et al., 2024), such compliance cannot be deemed satisfied if non-financial statements merely set out future goals or commitments. Such goals would be indefinitely deferred and lack concrete, measurable, and current elements that would allow for an objective assessment. Without these factual prerequisites, the risk is that such assertive statements may mislead the recipient regarding the actual environmental sustainability of the economic operator, potentially constituting, at least abstractly, a misleading informational practice under European law on greenwashing and environmental sustainability.
As this paper will show, empirical results highlight a widespread tendency to use expression patterns characterized by high semantic vagueness. These include the recurrent use of generic formulations, assertive statements not supported by documentary evidence, and unspecified or extended timeframes, with a rhetoric that takes the form of principled declarations that are difficult to reconcile with the transparency requirements set out by European legislation on financial reporting. The deadlines for adapting environmental statements have not yet expired, as Directive 2024/825 is expected to enter into force by September 27, 2026. Therefore, there is still time for banking institutions to review the quality of the information provided on sustainability. At the same time, given that these algorithmic tools can be employed both by companies – ex ante, for greater compliance – and by regulators – ex post, to identify incorrect practices and impose sanctions – this paper argues that the use of natural language processing algorithms and, more generally, technology-based tools could play a pivotal role in restoring and enhancing communication transparency in the realm of ESG. In a complex legal analysis context, such tools could provide significant support for regulatory and oversight authorities – creating new standardized compliance policies – in verifying any discrepancies between the content of non-financial statements and the normative criteria derived from EU law. Beyond their diagnostic function, artificial intelligence could assume a proactive role in the process of standardization and improvement of communication practices, helping to identify recurring patterns of potentially misleading communication, bridging the gap between regulatory expectations and the discursive practices adopted in the banking sector, which plays a central role in channeling financial flows towards sustainable economic activities in the long term.


2. The European Regulatory Framework on Sustainability: Transparency, Verifiability, and the Fight Against Greenwashing

From a regulatory perspective, the first impulses towards sustainability practices emerged in the late 1990s, with the Brundtland Report (also known as “Our Common Future”) from the World Commission on Environment and Development, which enshrined the necessity to meet present needs without compromising the ability of future generations to meet their own needs (Del Sarto, 2025). Over time, this evolved into a broad concept of ESG balance and durability (Clément et al., 2022), applicable to both private and public actors with decision-making roles. This concept eventually converged into initiatives aimed at combating climate change – such as the Paris Agreement, the UN 2030 Agenda, and subsequently the European Green Deal – along with the improvement of the green transition. These initiatives emphasize greater inclusivity (Almeida et al., 2023), territorial cohesion (Sielker et al., 2021), and improvements across environmental, economic, institutional, political, and social spheres (Adamowicz, 2022). The European legislator has imposed transparency and disclosure obligations on all products with sustainable investment objectives or those promoting environmental and social characteristics, particularly through Regulation 2019/2088 and Regulation 2020/852, to be discussed infra.
The Sustainability Disclosure Regulation – i.e., Regulation 2019/2088 – clarifies in Article 2, point 17, that a sustainable investment is one that “contributes to an environmental objective, as measured, for example, by key resource efficiency indicators on the use of energy, renewable energy, raw materials, water and land, on the production of waste, and greenhouse gas emissions, or on its impact on biodiversity and the circular economy, or an investment in an economic activity that contributes to a social objective, in particular an investment that contributes to tackling inequality or that fosters social cohesion, social integration and labor relations, or an investment in human capital or economically or socially disadvantaged communities, provided that such investments do not significantly harm any of those objectives and that the investee companies follow good governance practices, in particular with respect to sound management structures, employee relations, remuneration of staff and tax compliance.” The same regulation mandates, in Article 3, that all operators must provide “information about their policies on the integration of sustainability risks in their investment decision‐making process,” or “investment advice or insurance advice,” with the clear aim of building an investment trajectory within the EU that supports the climate transition.
To complement the disclosure obligations regarding sustainability, the Regulation establishing a framework to promote sustainable investments – i.e., Regulation 2020/852, also known as the “Taxonomy Regulation” – aware of the urgent nature of the climate challenge (de Oliveira Neves, 2022) and the costs associated with the fragmentation of the previous regulatory framework (Villiers, 2022) as well as the risk of undermining investor trust in sustainable investments (Dempere et al., 2024), defined conditions and uniform criteria for classifying an economic activity and investment as eco-sustainable. The Regulation also describes how to address “greenwashing” practices, considering that such behavior involve marketing a financial product as eco-friendly when, in reality, it fails to meet basic environmental standards (Nygaard, 2023), thus allowing the perpetrator to gain an unfair competitive advantage. With this regulation, the legislator introduced additional obligations in the corporate sector to disclose management policies, aiming to promote a comprehensive strategic vision focused on sustainability and long-term orientation (Siri & Zhu, 2024). The goal was to prevent market participants from obstructing, through their communications, the European-wide objectives of creating a fully sustainable European financial system (Papathanassiou & Nieto, 2025). Failure to comply would result in a significant compromise of the transparency now required by the market (van Oostrum, 2021), along with prejudice to the correct allocation of financial resources towards activities that genuinely align with the environmental goals established by the Union (Steuer & Tröger, 2022), hindering the challenging process of ecological and climate transition under the Green Deal.
Lastly, the legislator, through Directive 2024/825, prohibited all environmental claims that “clear, objective, publicly available and verifiable commitments and targets” set by the economic operator, defined in a “detailed and realistic implementation plan that shows how those commitments and targets will be achieved and that allocates resources to that end.” The directive clarified that vague, generic, or unverifiable environmental claims are contrary to Union law, preferring instead “fair, understandable, and reliable” statements based “exclusively on recognized excellence in environmental performance,” with the aim of encouraging competition by leading to more eco-sustainable products and reducing the negative environmental impact. Compared to previous regulatory interventions, this directive reflects a more mature understanding of the impact corporate communications can have on the contractual choices of economic operators, representing a significant evolution in the effort to address the evolving nature of greenwashing tactics (Sciortino et al., 2025).
According to the framework established by this latest regulatory intervention, all environmental claims referring to “future performance in the form of a transition to carbon or climate neutrality” – i.e., “future claims” or “forward-looking claims” – are considered deemed misleading because they “create the impression that consumers contribute to a low-carbon economy by purchasing their products” that are not accompanied by clearly defined, objective, publicly accessible commitments and goals susceptible to verification, as formalized in an implementation plan[footnoteRef:1]. These claims do not reflect concrete, measurable, and time-bound objectives (Amatucci & Mollo, 2024). Simultaneously, any generic references to environmental or social values, such as “environmentally friendly,” “eco-friendly,” “green,” “nature”s friend,” “ecological,” “environmentally correct,” “climate friendly,” “gentle on the environment,” “carbon friendly,” “energy efficient,” “biodegradable,” “biobased,” or similar statements that suggest or create the impression of excellent environmental performance are deemed illegitimate and misleading unless they can demonstrate that the product, service, or organization to which they refer achieves a level of environmental and social performance that is genuinely verifiable and defined over time[footnoteRef:2]. The legislative choice, therefore, led to the adoption of an analytical and detailed approach (MacLennan & De Catelle, 2025), outlining precisely the information the intermediary must provide, along with a comprehensive list of unfair commercial practices that are prohibited. The question is whether this implies that sustainability, eco-compatibility, and environmental soundness of products and services should be assessed in an analytical and restrictive manner, following the principle that where the law is silent, it is not to be presumed (Koszowski, 2016)[footnoteRef:3]. [1:  See, in particular, art. 1, (2), (b), (d) of the Directive (EU) 2024/825 of the European Parliament and of the Council of 28 February 2024 amending Directives 2005/29/EC and 2011/83/EU as regards empowering consumers for the green transition through better protection against unfair practices and through (i.e., Greenwashing Directive).]  [2:  See recital (9) of the Greenwashing Directive.]  [3:  This principle follows the ancient latino maxim ubi lex voluit dixit, ubi noluit tacuit. See, for further references, Canale, D., & Tuzet, G. (2010). Inferring the Intention. Or, What Law the Legislature Could Have Intended to Make. Dignitas, (47/48), 254-272.] 

Within the framework outlined by the European regulatory landscape, it can be argued that, as in other areas of banking analysis – where algorithmic processing plays an important role in systematically assessing credit risk (Montevechi, 2024; Bello, 2023; Shi et al., 2022; Chen et al., 2016) – it would be desirable to apply algorithmic systems to verify the consistency of sustainability reports (Brown et al., 2016) with the aforementioned provisions on misleading environmental claims. These tools can assist in identifying critical elements and consequently preventing them. The comprehensive disclosure obligations imposed by the Union are well-suited to automated analysis using computational models capable of performing a structured comparison between declared data and the requirements imposed regarding transparency, verifiability, consistency, and measurability. Such tools could provide an efficient, objective, and replicable evaluation of the compliance of environmental and social claims made by market participants (Beyrer et al., 2022), supporting the monitoring and supervision of environmental declarations, and providing a tool for regulators. At the same time, these tools might encourage a higher level of responsibility among financial operators, as they strongly discourage evasive or manipulative conduct due to the systemic nature and the depth and detail of the analyses. This would represent a technological-regulatory application (Brownsword, 2019), consistent with the broader European strategy to prevent consumer fraud and the misallocation of resources (Weber, 2016) to truly sustainable investments. Greenwashing phenomena undermine investor and consumer confidence in a sustainable and lasting ecological transition (Teichmann et al., 2023), as they showcase only apparent, superficial, illusory, and misleading forms of sustainability.
From a technical-operational perspective, it should be noted that implementing such automated control is not particularly complex and is, in fact, fully achievable given current technological capabilities. In particular, considering the evolution of large language models (Singh & Namin, 2025), trained on extensive textual datasets and endowed with advanced semantic and syntactic competencies, it is now possible to subject very complex and specialized texts (Veeramachaneni, 2025), such as non-financial consolidated statements (Villacampa-Porta et al., 2025) prepared by banking operators, to automatic reading and interpretation (Liu et al., 2025) to detect forbidden terms as stipulated by the regulations, and to identify ambiguous, assertive, prospective formulations (Davenport, 2025) that lack objective verifiability, which could be considered in violation of the aforementioned regulations. In light of the above, the following sections will provide an illustrative example of an algorithmic tool that could operate to identify statements that lack the required verifiability, consistency, and measurability as set by European sustainability laws, offering the reader a clear and direct representation of the scope and effectiveness of such an algorithmic approach in identifying potential greenwashing practices.


3. Automated Analysis of Environmental Disclosures: A Case Study on Banking Sector Compliance with EU Greenwashing Regulations

It has been argued, above, that the currently available algorithms are capable of providing an automated reading of banking documentation (Gerling & Lessmann, 2025), in particular on environmental statements and offering a useful tool to assess whether these statements violate the aforementioned regulations or, additionally, whether they consist of mere prospective assessments that hinder the final user from evaluating their concreteness, as they lack a defined and verifiable time horizon in the short or medium term. As will be shown shortly, in fact, algorithms can conduct a systematic search for keywords (Delgado-Chaves et al., 2025) – such as those selected by the legislator for environmental disclosure practices deemed prohibited – within the texts extracted from the sustainability reports contained in the consolidated non-financial statements, using pattern-matching techniques (Gu et al., 2025) that can detect the presence of expressions even in flexible forms or with minimal syntactical variations (Cong, 2025). As will be seen, the empirical analysis reveals that, with very few exceptions, almost all the consolidated non-financial statements examined contain at least one of the generic environmental expressions identified as misleading by Directive 2024/825 and – across all the banking groups analyzed – the recurrence of merely prospective formulation, indicative of a generalized tendency to use future projections or intentions that are not sufficiently specified from a temporal perspective.
From a methodological standpoint, the study employed an algorithm developed in Python, specifically programmed to automatically detect the presence and frequency of generic and potentially misleading environmental expressions, as hypothesized by European regulations. The algorithm was structured to extract the text of the consolidated non-financial statements made available by the top ten European banking groups by total assets[footnoteRef:4] retrieving all the text contained within them. Then, it searched – through the re package, an abbreviation for regular expressions from Python’s standard library – for the expressions considered as generic environmental claims by the legislator[footnoteRef:5]. These keywords were codified into a list and systematically compared to the textual content of each statement, associating each sustainability report with a score that links the banking group’s name to a respective numerical value, encoding the frequency with which the generic environmental claims identified in recital 9 of Directive 2024/825 are repeated. To facilitate readability and interpretation of the result, the results were grouped in a bar chart that offers, visually, a direct comparison between the different operators. The results of the empirical analysis are shown in Figure 1, which demonstrates that almost all of the analyzed banking groups report at least one of the terms prohibited by the European legislator. [4:  The bank analyzed were the following: BNP Paribas, Crédit Agricole, Banco Santander, Société Générale, Deutsche Bank, Groupe BPCE, ING Group, Crédit Mutuel Group, Intesa Sanpaolo, Unicredit.]  [5:  From a methodological point of view, each document is subjected to automatic language detection through the langdetect library, ensuring that the subsequent keyword-matching phase is conducted using the correct linguistic set of environmental terms. Five languages are covered by the current implementation: English, Italian, French, German and Spanish, and for each language, a set of frequently used general environmental expressions has been compiled, given the list of keywords – according to the official translations from the Official Journal of the European Union – as presented in recital (9) of the Greenwashing Directive. Once the appropriate set of keywords has been assigned to each document based on its detected language, the text is scanned to count the total number of occurrences of such claims. The algorithm applies regular expression matching to identify all instances of the predefined phrases, using case-insensitive comparisons to ensure robustness across stylistic and typographic variations. For each document, the total number of general environmental claims is computed and stored. to enable meaningful comparisons between documents of differing lengths, the algorithm computes a density metric, defined as the number of keyword occurrences divided by the number of pages in the document.] 

Figure 1:
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Note: The graph shows the proportion of occurrences of generic claims related to greenwashing practices, as derived from the list provided by Directive 2024/825, based on the text contained in the consolidated non-financial statements of the top ten European banking institutions by capitalization. Each bar represents a single banking operator, with the horizontal axis showing the bank names and the vertical axis indicating the number of generic environmental claims identified in the text. The dashed blue line represents the median number of occurrences, providing a robust central measure relative to the extremes.
As shown in the graph above, the results demonstrate a widespread tendency, although not homogeneous, to use generic formulations that are considered by the European legislator as misleading and deceptive environmental claims. There is notable variability between the different operators, but what stands out from a systemic perspective is the cross-cutting presence of statements that do not seem compatible with the clarity, reliability, and verifiability requirements set by European regulations. The empirical analysis shows a disconnect between the formal presence of information and the substantial requirement for its reliability, clearly indicating a widespread communicative practice that could, in theory, generate an undue and potentially unlawful reputational advantage under the scope of the generic environmental claims prohibited by Directive 2024/825. The prohibition on using expressions that, while not strictly false, are capable of misleading the average consumer – due to their vagueness, lack of contextual references, and absence of measurability or verifiability (Van der Ven, 2019) – stems from the European recognition that environmental semantics is a crucial competitive lever and, as such, needs to be subject to both formal and substantial constraints. In this context, it is evident that banking institutions will need, in the near future, to radically reformulate their sustainability statements, at least in relation to the syntactical and semantic quality of the environmental claims contained in their consolidated non-financial statements.
The need for a reconsideration of communication strategies concerning sustainability and non-financial disclosures becomes even clearer when analyzing the presence of purely prospective claims within these reports[footnoteRef:6]. In this case, using another algorithm – based on the combination of re with the additional Python package contextlib for evaluating regular expressions – it is possible to identify occurrences of linguistic formulations indicative of a form of “prospective greenwashing,” i.e., formulas referring to mere, unquantified future commitments. These expressions refer to goals in the process of definition or statements that, while referring to environmental sustainability, constitute non-binding claims or fail to provide objective feedback about current environmental performance. This approach aims to empirically quantify the use of potentially elusive environmental rhetoric, providing a synthetic indicator of the use of purely prospective environmental rhetoric, which may be misleading. The results of this empirical exercise are presented in Figure 2. [6:  Similar to the previous empirical exercise – from a methodological point of view – we conduct a preliminary language detection step is conducted using the langdetect library. This enables the algorithm to dynamically select the appropriate set of forward-looking keywords for each document, thereby ensuring linguistic precision and cross-jurisdictional comparability. The keywords used for this empirical exercise were the following: 'we are working on', 'we are committed to', 'in the future', 'long term', 'in the coming years', 'under development', 'evolving', 'prospectively', 'in preparation', 'we intend to', 'we might', 'we aim to', 'in discussion', 'creating sustainable value', 'sustainable strategies', 'we are monitoring', 'day by day', 'ongoing commitment', 'in case', 'it is expected', 'under evaluation', 'we consider', 'ongoing initiatives', 'gradually', 'ongoing', 'we plan to', 'in progress', 'long-term plans', 'zero impact', 'under review', 'zero emissions'. Once the language is identified and the corresponding keyword set selected, the algorithm scans each document using case-insensitive regular expressions to identify and count exact matches. Again, a critical consideration in comparing forward-looking language across documents is their heterogeneity in length. Longer documents may naturally contain more such statements, not necessarily indicating a higher degree of strategic commitment or potential greenwashing. To control for this, the analysis introduces a normalization factor: the number of forward-looking statements per page. The resulting metric, expressed as a ratio, provides a standardized measure of the density of forward-looking language per page. This approach enables a more equitable comparison among institutions, as it accounts for verbosity and formatting differences. It also provides insight into whether certain entities exhibit a disproportionately high reliance on aspirational language relative to the length of their disclosures, which may be indicative of inflated ESG narratives. As a note, we might acknowledge the limitation that the reliance on static keyword lists, though linguistically curated, may omit context-sensitive expressions or idiomatic variants, particularly in multilingual disclosures. An expansion toward supervised learning models could further refine accuracy and semantic sensitivity.] 


Figure 2:
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Note: The graph shows the number of occurrences, per page, of purely prospective claims that could, in theory, be considered forms of greenwashing under Directive 2024/825. The analysis is based on the content of the consolidated non-financial statements of the top ten European banking institutions by market capitalization. Each bar represents a single banking operator, with the horizontal axis showing the bank names and the vertical axis indicating the rate of prospective environmental claims identified in the text.
The empirical results provide an objective assessment of the material soundness of the strategies declared by the various banking groups analyzed. It is clear, from the analysis, that all the banks in the study present communications based on future perspectives that, under Directive 2024/825, appear to be vague and unsubstantiated being, in prospective, be divergent to the provisions set by the European legislator. The decision to include flexible forms and syntactic variations in the algorithm allows for an in-depth analysis of all the different communicative facets and aspirational linguistic formulas used by the analyzed banking groups. The results obtained from this analytical exercise demonstrate a persistent abuse of expressions lacking an objective reference to defined deadlines, with the risk, when the directive will come into force, that all the analyzed statements could be considered misleading and unlawful, and, as such, considered misleading commercial practices according to the obligations set by European law on greenwashing. There is literature suggesting significant heterogeneity in the communication practices of the banking operators (Bantel & Jackson, 1989), but the common factor is that none of them are free from dilatory and non-binding rhetoric, as the algorithm analyzes the presence of vague and purely prospective commitments[footnoteRef:7]. The empirical findings reveal that all the analyzed banks extensively use statements referring to future intentions, programs, projects, or ambitions, creating a shared and consolidated communicative register that reflects a way of conceiving sustainability not as a truly achieved asset, but rather as an ongoing prospective horizon. What stands out is the frequency and systemic nature of greenwashing violations that contradicts sustainability narratives (Ruggeri et al., 2025) among ESG reporting, given a predominantly programmatic rather than conclusive structure. [7:  Note that across all operators the most recurrent patterns center around conditionality, intentionality, and long-termism. As an example, “long term” and its multilingual equivalents, as a concept, appears over 81 times (37 in German as “langfristig,” 27 in Spanish as “a largo plazo,” 17 in French as “à long terme,” and 4 in English, as “long term,” and in Italian, as “nel lungo termine”), confirming the widespread rhetorical emphasis on extended temporal horizons.] 

In general terms, the empirical results – see Figure 1 and Figure 2 – demonstrate that the vast majority of the banking groups analyzed are still relying on communication models that do not comply with the new European regulatory framework. Therefore, the quantitative data presented highlights a latent risk indicator, as all the market operators analyzed could face increasing responsibilities (Lashitew, 2021), reputational damage (Santos et al., 2024a), and potential sanctions (Free et al., 2024) from the competent banking supervisory authorities in the near future. In a context of growing demand for the promotion of a sustainable and transparent economic transition within the banking sector (Bouma et al., 2017), all practices linked to false sustainability or mere "greenwashing" are now identified as a significant source of market distortion (Marcatajo, 2023), as they undermine the Union's efforts to create a unified and credible system of environmental responsibility and sustainable development (Kluza et al., 2021), damaging the trust of consumers (Hossain et al., 2025) and investors (Haidar, 2025) in the truly responsible management of scarce resources. In this context of collective responsibility (Ardoin et al., 2023), when a company simulates pursuing specific environmental commitments without actually implementing concrete measures, it not only gains undue reputational (Wang et al., 2025) and competitive advantages (Ioannou et al., 2023) but can also divert resources, both in terms of trust and investment, away from economic operators who pursue genuinely responsible socio-environmental objectives (Shuang et al., 2024). This phenomenon –  undermining the credibility of the entire sustainability system (Santos et al., 2024b) and compromising the effectiveness of public policies aimed at promoting an economically neutral and socially fair economy (Liang & Gao, 2025) – slows down, as a whole, the diffusion of virtuous practices, rendering ineffective market instruments intended to promote sustainable behaviors.
The results of the analysis conducted so far clearly demonstrate that there are significant opportunities to apply transparent and replicable computational methodologies to support all environmental compliance and disclosure activities. The aim of this empirical exercise was to show how a range of technical tools exist that can actively contribute to the legislator’s efforts to improve market transparency in line with the principle of prevention and the goals of the European Green Deal, as well as combat misleading and distorting practices. In particular, the ability to subject consolidated non-financial statements to automated analysis based on syntactic and semantic criteria consistent with regulatory standards paves the way for a new paradigm of assisted compliance, overcoming the structural limitations of purely manual and discretionary controls. In other words, this would make operational a form of predictive oversight that, in compliance with the principles of legality and proportionality, can intercept textual indicators symptomatic of misleading environmental information practices – i.e., greenwashing – acting, in potential, before they generate distorting effects on stakeholder behavior (Torelli et al., 2020). Such an approach would not only increase control efficiency but also promote a new culture of reporting, where companies do not limit themselves to merely producing ESG data according to a logic of formal compliance but internalize sustainability as a substantive obligation. The reported evidence shows that artificial intelligence and algorithms can serve as ESG-washing detection tools (Lagasio, 2024) and potential tools for achieving greater compliance (Kamruzzaman et al., 2025) and systemic coherence (De Conca, 2022), strengthening the information symmetry between the economic operator and the final recipient of the statement, serving as an external guarantor of the reliability of the information provided by the banks.


4. From Rhetoric to Regulation: Algorithmic Standards for ESG Disclosure Compliance

In light of the considerations developed so far, the concerns repeatedly expressed by the European Commission[footnoteRef:8] seem to be confirmed, regarding the exponential growth of generic, vague, or unverifiable environmental claims, i.e., sustainability statements that do not provide sufficient elements to assess the accuracy of the declarations, offering vague, misleading, and unfounded information. This represents a genuine and urgent problem that needs to be swiftly addressed (Conti & Seele, 2025). The results of the analysis conducted in this study reveal a systemic dysfunction within the banking sustainability reporting framework, with recurring and recursive linguistic formulations that, although not strictly false, fail to meet the transparency, verifiability, and specificity requirements imposed by the new European regulatory framework. The presence of numerous misleading environmental claims in the non-financial banking disclosures highlights a longstanding trend, tolerated in practice, but now in contrast with the emerging regulatory structure, which demands an upgrade, even in terms of monitoring tools. It is in this direction that the proposal for a systematic and consistent use of algorithmic technologies and computational models to safeguard ESG compliance fits. In fact, many areas of banking law already see the use of artificial intelligence-based tools and credit rating and prudential risk management algorithms (Srivastava et al., 2024). Therefore, it is not clear why these same tools cannot find similar applications in the assessment of informational transparency, especially in the context of environmental statements, which are highly prone to semantic ambiguity and informational asymmetry between regulators and the regulated parties. [8:  See, in this regard, the data presented in the European Commission Proposal 2023/0085 on the substantiation and communication of explicit environmental claims (Green Claims Directive), with particular attention to the high number of unsubstantiated environmental claims.] 

In combating these distorting practices, within the framework of market supervision activities that ensure healthy competition among companies investing and fully supporting sustainability (Xu et al., 2025 it is surprising that, at least for the moment, algorithmic analysis systems are not being used to check if the sustainability declared by companies corresponds to actual commitments, verifying the indeterminacy, relevance, and lack of real environmental sustainability criteria by market operators. There is, beyond the empirical evidence mentioned above, numerous confirmations of the usefulness of proceeding with these computational tools for the systematic identification of superficial statements within environmental disclosure documents (Chuang et al., 2025). Artificial intelligence and natural language processing technologies, in fact, can recognize vague or misleading expressions even within lengthy documents, images, and tables, systematically and almost automatically evaluating all the statements banks provide about their environmental resilience and sustainability strategy. This would essentially be a preliminary screening tool capable of significantly extending the control capacity compared to traditional tools, which are not currently supported by quantitative analysis, providing new investigative, selection, and alert capabilities in the context of an exploratory analysis of vague, dilatory, or unverifiable linguistic expressions that could be subject to interpretation. The use of scalable diagnostic tools based on predefined parameters could be an essential step toward a structural transformation of supervisory practices (Khan et al., 2024), laying the groundwork for an effective and efficient oversight system capable of responding to market "gray" dynamics with objective, replicable, and scalable analysis tools. These tools are crucial both for regulatory authorities – which could strengthen their surveillance functions (Aldasoro et al., 2025) – and for economic operators – who could use them to improve banking compliance (Mer et al., 2024).
In this context, it would be logically coherent to entrust computational and systemic systems with the task of identifying elusive linguistic formulations within vast document corpora (Wu et al., 2024), aiming to increase the reliability and effectiveness of transparency and environmental responsibility policies (Pappachan et al., 2024). The adoption of a proactive supervisory model based on textual data analysis could, in this sense, strengthen the effectiveness of greenwashing regulations, which, due to their technical complexity could greatly benefit from these analysis tools. The algorithm used here, in its simplicity, represents an experimental proposal for technical instrumentation to complement traditional control tools, capable of providing objective and replicable support (Borgogno & Perrazzelli, 2025) in verifying the consistency between public statements and the tangible commitments made by market operators, in the context of environmental protection and the welfare of future generations, which now assumes a systemic and compelling character, in light of a diacronic and synchronic solidarity between individuals that must continually self-sustain and improve(Fusco Girard, 2024).
The advantages of an algorithmic approach are particularly evident and far-reaching. From the perspective of legislators and regulatory authorities, implementing algorithmic analysis technologies – whose codes could be public, open-source, and verifiable ex ante by operators, investors, and consumers – would optimize available resources and analyze vast amounts of data compared to what could be achieved with human experts alone, guiding control policies in a targeted and proactive way to detect manipulations of information or inconsistent environmental statements, which are sustainable only on paper. A secondary, but not insignificant, aspect is that the use of transparent, verifiable, and replicable algorithms would also foster greater trust among market operators, who would face a system of surveillance that is understandable, clear, and predictable ex ante. 
The efficiency of such a process for analyzing non-financial statements could also represent a form of systemic deterrence for all operators who intend to use potentially misleading declarations, as each linguistic formulation or presented data could be scrutinized for inconsistency or misalignment with concrete actions. As a result, operators could – even before publishing their declarations – verify and anticipate potential violations before they materialize, thus avoiding reputational damages that could affect the credibility of the sustainability strategies pursued. It is worth noting that this does not necessarily imply a complete replacement of human labor traditionally involved in monitoring and surveillance practices, but rather a synergistic integration between quantitative data and qualitative assessments of more complex or ambiguous situations (Fragiadakis et al., 2024). There is nothing preventing this evolution, given that the technological tool would respect the criteria of transparency, objectivity, neutrality, efficiency, cost-effectiveness, and simplification of supervisory activities, providing an efficient response to banks' need to meet regulatory compliance and reporting requirements (Kothandapani, 2025) demanded by the market systematically.
By utilizing pattern recognition, semantic matching, and language modeling techniques, a dual environmental strategy is fostered: on the one hand, it indirectly promotes the adoption of algorithmic self-assessment tools by market operators and, on the other hand, equips supervisory authorities with computational tools that are dedicated and easily integrated into risk-based supervision models, capable of detecting discursive anomalies, rhetorical recurrences, and semantic deviations from the standards set by the European legislator. This would overcome the current limitations of oversight concerning the objectives set by the Green Deal, avoiding reliance on reactive ex post phenomena and hierarchical logic in which operators perceive environmental compliance as a cost rather than an opportunity for growth. Supervisory algorithms could, in this sense, contribute to promoting a virtuous process of voluntary adjustment, in which the market, made aware that reporting will no longer be judged – under Directive 2024/825 – based on the overall content, but also regarding the linguistic quality and semantic coherence of the statements, will be naturally incentivized to reformulate their communication strategies in a more rigorous and transparent manner.
Preliminary analysis activities by companies could further be integrated by using large-scale linguistic models and artificial intelligence systems to measure non-compliance risk, as well as to precisely identify the structural weaknesses in their environmental communications, promptly detecting any issues requiring urgent corrective action (Surampudi, 2024). At the same time, given that, in banking, management analyses through algorithms and machine learning are a strong point, there are ample opportunities to rethink a coherent, transparent, and legitimate application of these technologies. 
Ultimately, it is up to the legislator to provide any necessary guarantees for the transparency of these tools (Quttainah et al., 2024), which, far from absolving economic actors of responsibility, could strengthen their obligations of truth, thereby improving the trust-based relationship between companies and society in the pursuit of long-term sustainability goals. This evolution towards a form of compliance-by-design (Terzidou, 2025) and algorithmization of supervision (Leeuw, 2025) would also shift the enforcement focus from a repressive logic to a structural one, capable of correcting systemic distortions, compliance errors, and discrepancies through a technologically-assisted regulatory environment that combines pragmatic consistency assessments between ESG statements and the concrete commitments made to investors and consumers. One could even envision, de iure condendo, implementing a new operational approach for supervisory authorities on a systemic scale, in which, rather than relying solely on selective and limited checks, they could have access to a platform capable of automatically processing all consolidated non-financial statements filed annually, returning targeted alerts, semantic risk clusters, and inconsistency maps between sustainability report statements and potential risk classification mechanisms, creating a form of "augmented supervision" in which algorithms and artificial intelligence guide, filter, and enhance human evaluations.



5. Reassessing Misleading ESG Claims Through a Tripartite Legal-Economic Framework

The preceding chapters have provided both normative and empirical evidence that the communication of environmental sustainability claims by major European banking institutions often fails to meet the standards of clarity, verifiability, and measurability now imposed by the European legal framework. Nonetheless, we might contextualize these findings within a more structured model of analysis, drawing on established principles of consumer protection law and adapting them to the specificities of ESG disclosure in the banking sector. In particular, the tripartite structure of assessment – based on the detection of misleading content, the evaluation of its interpretive effects on the average recipient, and the examination of its economic materiality (Avi, 2025) – might offer a coherent analytical framework through which the potential illegitimacy of environmental statements can be rigorously ascertained from a material perspective (Shvyreva & Petukh, 2018).
The first stage of this model focuses on the objective nature of the information provided. Here, the central question is whether the statement – whether verbal, visual, or multimodal – corresponds to the factual characteristics of the product, service, or institutional behavior it purports to describe. Under the logic of current regulatory standards, the misleading character of a claim may arise not only from falsity in the strict sense, but also from its indeterminacy, non-verifiability, or selective omission of relevant data. This is particularly salient in the case of ESG declarations that rely on aspirational language, generalized commitments, or future-oriented objectives without any present reference to measurable indicators or resource allocation. Although such claims may appear benign from a discursive standpoint, they risk creating an unjustified perception of environmental performance or commitment that is not supported by the underlying factual reality. In this sense, the normative criterion of truthfulness encompasses not only what is said, but also how it is said and what is left unsaid.
The second stage relates to the interpretive impact of the claim on the average recipient. The regulatory doctrine, particularly in the European context, is not concerned exclusively with whether a statement is misleading per se, but also with whether it is likely to mislead, given the cognitive and informational position of the average consumer or investor. This introduces a behavioral dimension into the legal analysis, which requires assessing the probable effects of the message on the interpretive framework of its addressee. In the ESG context, this assessment must take into account the asymmetries in expertise, access to information, and capacity to verify sustainability claims that characterize the relationship between financial institutions and their stakeholders. As a result, even statements that may not be demonstrably false can qualify as misleading if they plausibly induce recipients to form mistaken impressions about the bank’s environmental performance or strategic orientation.
The third and final stage is that of materiality, which functions as a normative threshold to determine whether the misleading nature of the statement is legally relevant. In this context, a claim is deemed materially misleading if it is likely to influence the economic behavior of the recipient—that is, to cause a change in the recipient’s purchasing decision, investment choice, or any other market-relevant conduct. This requirement reflects the principle that regulatory intervention should be limited to informational practices that have an appreciable effect on market dynamics or consumer autonomy. In the context of sustainability disclosures, the materiality test acquires particular significance: claims concerning environmental conduct are not peripheral, but often central to a bank’s reputation, brand value, and capacity to attract ESG-oriented capital. It follows that even subtle deviations from factual accuracy—especially if systematic—can lead to a distortion of market expectations, with consequences that are both private (e.g., misallocation of investor trust) and systemic (e.g., undercutting of regulatory goals related to sustainable finance).
Applied to the domain of greenwashing in financial reporting, this tripartite model reveals the normative deficiencies of the current communicative practices of many banking institutions. The widespread use of generalized expressions (e.g., “we are committed to sustainability”) and future-oriented language (e.g., “we aim to be carbon neutral by 2050”) without an accompanying implementation plan or evidence of present actions renders the statement susceptible to legal scrutiny under all three stages of the model. First, it is semantically vague and unsupported by verifiable data; second, it is capable of producing misleading inferences in the mind of the reasonable investor or consumer; third, it pertains to a dimension of institutional identity—namely, environmental performance—that is increasingly determinant in shaping market decisions and competitive positioning.
Furthermore, the application of this model has implications that go beyond retrospective enforcement. It provides ex ante guidance to market operators regarding the boundaries of lawful sustainability communication. By making explicit the requirement that environmental claims must not only be truthful but also specific, verifiable, and economically relevant, it redefines the acceptable parameters of non-financial reporting. This, in turn, may produce adaptive effects on the communicative behavior of financial institutions, particularly with regard to long-term ESG projections. As the threshold for acceptable environmental discourse becomes more demanding—legally, semantically, and economically—banks may progressively reduce their reliance on distant, abstract, or aspirational goals that are not anchored in current performance indicators or operational plans.
This effect is not merely speculative. The empirical results discussed in this paper suggest a communicative environment in which forward-looking claims serve primarily a reputational function, often in the absence of contemporaneous evidence that would allow stakeholders to evaluate the credibility or feasibility of those claims. Under the model proposed here, such strategies would no longer be viable, as they fail the materiality test in the absence of concrete indications that the stated objectives influence present conduct or resource allocation. As a consequence, we may observe a reconfiguration of sustainability communication strategies, in which banking institutions are incentivized to prioritize short- and medium-term actions—those that can be substantiated, documented, and externally verified—over general declarations about long-term decarbonization or climate neutrality goals that lack any measurable foundation in the present.
Such a reorientation is not merely a response to the legal risk of sanction, but also reflects a deeper institutional logic. As sustainability claims become subject to a regime of structured scrutiny—based on objective content, interpretive plausibility, and economic significance—banks will be required to align their communicative strategies with demonstrable actions. This may result in the abandonment of certain discursive registers that have traditionally populated non-financial statements—registers characterized by strategic ambiguity, reputational signaling, and forward-looking rhetoric not tethered to current practice. Instead, institutions may be required to adopt a more evidentiary style of communication, in which each environmental claim is accompanied by supporting data, implementation timelines, and performance indicators. In this context, the tripartite model functions not only as an evaluative framework for regulators and courts, but also as an internal compliance benchmark for firms wishing to ensure that their sustainability statements meet the standards of legal acceptability.



6. Conclusions 

This contribution has aimed to address the issue of misleading environmental claims and potential countermeasures to combat the phenomenon of greenwashing, through a multilayered and interdisciplinary lens. In a context where environmental protection and sustainability are increasingly seen as integral dimensions of economic policy, market regulation, and corporate responsibility – with growing emphasis on long-term sustainability – it becomes imperative to define a new model of social organization. This model should ensure that the redistribution of resources, inclusivity, and socio-economic cohesion compel market operators to redefine their disclosure practices, acknowledging that environmental information constitutes a legally protected asset. The European legislator’s strategy is to transform such information into a primary competitive factor capable of producing a form of targeted financial nudging (Gajewski et al., 2024), whereby the Union’s legal framework sets the conditions for a structural shift beyond the notion of accidental or voluntary sustainability. Instead, sustainability is reshaped as an organic and concretely measurable prerequisite, in which compliance with transparency obligations is no longer left to the responsible self-determination of undertakings but is anchored in specific duties and ex ante standards set by law.
In such a context, where the legislator provides a detailed list of substantive and procedural requirements applicable to all market actors, it becomes essential to ensure a coherent alignment between form and substance, words and conduct, promises and concrete outcomes. Every environmental claim must be supported by verifiable, transparent, and documentable commitments. In this study, an in-depth analysis was conducted – using a Python-based algorithmic text analysis tool – on the consolidated non-financial statements of the ten largest European banking groups by asset capitalization. The objective was to detect potential violations of the principles and criteria introduced by Directive 2024/825, set to enter into force in September 2026. Under the new directive, the European legislator no longer tolerates ESG statements formulated in self-referential or aspirational terms. Instead, it requires clarity, measurable targets, concrete transparency, and effective verifiability.
The findings of this analysis reveal, first and foremost, a widespread presence of potentially misleading ESG statements among the examined banks. These include numerous vague and assertive expressions which, under the new regulatory regime, will require prompt revision, and in case of continued non-compliance, may be subject to sanctions imposed by the competent authorities. Secondly, the results open up new possibilities for strengthening the supervisory powers of authorities such as the European Banking Authority (EBA) and the European Securities and Markets Authority (ESMA). By integrating algorithmic oversight tools, these bodies could facilitate a virtuous dialogue between technology and the sustainable economic and communicative requirements defined by the European legal framework on greenwashing – that is, misleading, non-transparent, or deceptive environmental claims which ultimately result in unfair commercial practices.
As a computational instrument, the algorithm may serve as a technical intermediary between the European requirements for clarity, transparency, and verifiability, and the semantic nuances inherently present in any discursive representation – such as those found in banks' ESG disclosures. It offers objective and transparent criteria for the assessment of non-financial information, while simultaneously promoting informational quality and communicative credibility. Against the risk of superficial or merely rhetorical environmental claims, this paper proposes the systematic integration of artificial intelligence into semantic and declarative oversight mechanisms. Using pattern recognition techniques and automated linguistic analysis, it becomes possible to systematically, objectively, scalably, and reproducibly identify potentially misleading assertions in ESG reporting.
In this perspective, the accuracy of environmental claims can no longer rely on the good faith of the disclosing entity. Instead, such accuracy can be technically verified, even in its most obscure, manipulative, or deceptive aspects. This enables the unmasking of rhetorical excesses and linguistic vagueness, restoring focus on the alignment between stated commitments and demonstrable actions. In a world where sustainability must become the shared language and goal of businesses, the current overproduction of unjustified environmental assertions calls for a fundamental rethinking of the safeguards in place to address systemic pathologies. The ultimate aim is to clearly distinguish between what is truly “green” and what merely presents itself as such for rhetorical or marketing purposes.
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