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ABSTRACT 
Environmental permitting is a critical regulatory process for construction and critical infrastructure projects, requiring interpretation of heterogeneous environmental, technical, spatial, procedural, and legal information. This paper examines where artificial intelligence (AI), particularly machine learning (ML), may support information requirements in this process through a structured literature review and an exploratory case study of the Swedish permitting pathway for type B environmentally hazardous activities. Eleven studies were synthesized into four AI/ML application themes: environmental monitoring and evidence generation, predictive environmental impact modeling, risk- and uncertainty-aware decision support, and document handling and intelligence. These themes were analytically mapped to case-study-derived process stages, actors, document flows, information requirements, and decision points. The findings indicate potential support for baseline environmental screening, environmental impact prediction, organization of evidence on risk and uncertainty, and auditable handling of permit documents. However, the reviewed studies neither demonstrate the prediction of final permit outcomes nor justify the replacement of legal-administrative judgment. The study frames AI/ML as human-reviewed decision support and information management, with future research addressing workflow integration, data availability, transparency, traceability, accountability, and validation in operational permitting contexts.

INTRODUCTION 
The environmental permitting process (EPP) balances the need to conserve nature with the need to facilitate sustainable construction. It includes a technical assessment, an environmental assessment that identifies, evaluates, and manages environmental consequences before decisions are made (Jay et al., 2007; Morgan, 2012). However, the EPP extends beyond environmental assessments and involves legal-administrative governance that requires collaboration among stakeholders, public participation and interactions, and judgment (Cash et al., 2003; Reed, 2008). The EPP is therefore complex and multi-stakeholder. It involves actors such as applicants, reviewing authorities, referral authorities, affected communities, and the public, and requires coordination throughout the technical, administrative, and legal stages (Reed, 2008; Glucker et al., 2013). Decision-making depends not only on available evidence but also on its credibility, relevance, and legitimacy, which are assessed through prediction, risk assessment and mitigation, consultation, and legal requirements (Cash et al., 2003; Morgan, 2012).  Uncertainty in prediction, data quality, assumptions, and results can also further reduce the confidence in the process (Tennøy, Kværner and Gjerstad, 2006). AI has been explored as a tool for processing large datasets, identifying patterns, and supporting evidence-based decision-making (Jordan and Mitchell, 2015). In environmental science, ML is widely used to detect patterns and non-linear relationships, integrate and process monitoring data, improve predictions of environmental factors, and classify risk (Karpatne et al., 2017; Rolnick et al., 2022). Furthermore, ML techniques have also been used to process documents for document-based answering using retrieval-augmented generation; however, challenges remain in processing larger collections of documents, contextual interpretations, and reasoning across multiple sources (Lewis et al., 2020; Zhong et al., 2020; Zheng, Wang and Huang, 2024). Despite the growing interest in ML applications in environmental science, the studies identified in this review remain fragmented across application areas and primarily focus on tasks such as environmental monitoring, prediction, and modeling. Limited research has examined how these capabilities can support the information requirements of the EPP. This study addresses this gap by identifying AI application themes in the literature and analytically mapping them to the information requirements and stages identified in the Swedish EPP. 

1. METHODS
The study combines a structured literature review with an exploratory case study of Swedish EPP. The literature review identified ML approaches in the contexts of environmental assessment and the EPP. The Swedish EPP was used to contextualize how identified ML approaches could potentially assist in the real-world EPP. The Swedish EPP is positioned as a highly relevant case study, as a lengthy and unpredictable approval process is identified as a barrier to the construction of critical infrastructure developments in Sweden (Clean energy for EU islands secretariat, 2023). 

2.1 Literature Review
A structured literature review was conducted using the PRISMA framework (Page et al., 2021). Scopus and Web of Science were searched using the concepts Machine Learning (C1), Predictive Analysis (C2), and Environmental Permitting Process (C3), with synonyms and related terms. Initial searches restricted to EPP terminology retrieved too few relevant studies, so Environmental Assessment and Environmental Impact Assessment were added. Of 576 records exported to Rayyan, automated detection identified 102 duplicates (Ouzzani et al., 2016). After duplicate exclusion, 474 records were screened, where 428 were excluded, 46 records underwent full-text review, and 7 papers were included. Four additional papers were found through targeted Google and Google Scholar searches for machine learning applications to predict outcomes in environmental permitting processes (see Figure 1).  Findings from the 11 papers were recorded in a matrix and synthesized through inductive thematic coding, moving from descriptive themes to analytical themes representing ML types and their potential applicability to the EPP  (Braun and Clarke, 2006).
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Figure 1: PRISMA framework for literature selection
2.2 Case Study
The EPP for environmentally hazardous activities (EHA) was selected as an exploratory case study.  The Swedish environmental code (Ds 2000:61, 2000) defines such activities as those involving emissions or the use of land, buildings, and facilities that may affect human health or the environment. Although the environmental permitting ordinance (SFS 2013:251, 2013) categorizes EHA activities into types A, B, and C, the unit of analysis selected for the study is the Swedish permitting pathway for type B activities. The type B process was selected because this process is clearly bounded and extensively documented in the Swedish context. The document analysis was used to examine the presented case study, which described regulations, official guidance on consultation, application preparation, technical descriptions, Environmental assessment guidance, and the review process (Bowen, 2009). The legal documents provided a basis to identify legal requirements, while other authority-related guidance and documents included detailed descriptions of the information content and procedural requirements. The result categorized information requirements into processing stages and tasks, actors who produce and use information, and document sources. Subsequently, this categorization matrix was then compared with the four AI/ML application themes identified in the literature review. The requirements identified in the Swedish EPP were analytically mapped based on the functional correspondence between the AI/ML functions and the identified information-processing needs or decision support. It should, however, be noted that the mapping represents potential applicability rather than empirically validated implementation. The presented case study supports analytical generalization rather than statistical generalization (Yin, 2018). Swedish documents were translated using Microsoft Word's language translator tool, while web pages were translated using the web page translator tool.

RESULTS
3.1 Literature Review
The literature review identified four themes: Environmental Monitoring & Evidence Generation, Predictive Environmental Impact Modeling, Risk & uncertainty-aware decision support, and Document handling & Intelligence, which are presented below.

Environmental Monitoring & Evidence Generation
Studies have highlighted the use of AI approaches for monitoring environmental conditions and for producing evidence to assess environmental parameters. Ye et al. (2020) reviewed the application of AI approaches across studies and found that neural network-based models, fuzzy and neuro-fuzzy systems, optimization-based neural networks, random forests, and hybrid approaches have been widely used in monitoring and predicting environmental pollution, process optimization, and early warning systems. Mishra, Mishra, and Agarwal (2025) also reviewed various studies and identified that AI approaches such as unsupervised learning, deep learning, and hybrid models are used to monitor environmental factors, including air quality, water resources management, biodiversity monitoring, climate modeling, and ecosystem management. Furthermore, the use of big data sources such as remote sensing, IoT sensors, institutional databases, hydrological data and geospatial survey data could be combined with ML techniques to provide real-time support in monitoring and predictive modeling of environmental parameters.  Similarly, Abu El-Magd et al. (2023) applied techniques, such as Random Forest Modeling, to generate spatial susceptibility maps of PM10 air pollution and reported an area under the receiver operating characteristic curve (AUC) of 98.29% for the study dataset.



Environmental Modeling & Prediction
ML is also used in environmental modeling and prediction. Anifowose and Anifowose (2024) compared different ML approaches, such as multiple linear regression, ANN, regression tree, and random forest, for predicting soil electrical conductivity from pollution during environmental impact assessment, finding nonlinear models useful for capturing complex soil relationships when data were noisy and limited. Jahani et al. (2016) applied an optimized artificial neural network model to classify project alternatives and predict environmental parameters, such as forest degradation, within the specific area under consideration. Furthermore, the use of explainable ML models, such as transformer-based environmental assessment models, may improve the credibility and accuracy of environmental risk assessments, especially when they involve multiple environmental and human health indicators (Xu et al., 2024).

Risk and Uncertainty Aware Decision Support
The use of probabilistic modeling and ML approaches may also facilitate risk and uncertainty support within the EPP.  Probabilistic graphical models, such as the Bayesian Network model, can represent relationships among environmental stressors, exposure pathways, ecological receptors, management actions, and assessment outcomes while propagating uncertainty and comparing scenarios (Moe, Carriger and Glendell, 2021). Furthermore, Yassen et al. (2025) examined statistical, probabilistic ML and AI approaches for prediction, classification, risk estimation, and information processing, while identifying concerns regarding bias, accountability, and transparency. ML techniques, such as transformer-based models, were also applied to classify environmental risks using water-quality indicators, including total dissolved solids, arsenic, and ammonia (Xu et al., 2024). 

Document Handling & Intelligence
The use ofML and other AI approaches may also support reviewers in handling and querying documents, especially for comprehensive documents such as Environmental Impact Assessment (EIA) reports and other assessment reports. Large Language Models (LLMs) with Retrieval Augmented Generation (RAG) based approach could facilitate reviewers as well as applicants for comprehending the regulatory documents, locating relevant information, understanding procedural requirements, and comparing alternatives within the review documents; however, accurate reasoning still remains challenging for LLMs as the documents are often long, semantically complex, and requires multiple reasoning steps (Meyur et al., 2025).  Furthermore, Breit et al. (2020) proposed a conceptual architecture combining ML with symbolic AI, such as a knowledge graph, to support an auditable, transparent, and machine-readable system for handling EPP-related documents. Similarly, Hidayat and Satwiko (2022) proposed a conceptual web-based licensing system that integrates spatial, environmental, building, payment, and certification information.

3.2 Case Study
The case study analysis categorizes the EPP for environmentally hazardous activities type B into the following categories.

Process Structure
Type B permitting comprises pre-application, consultation, application preparation, authority review, public announcement and information exchange, decision-making, and possible appeal (Naturvårdsverket, 2025b). Although presented sequentially, these stages may overlap and iterate. Before applying, the applicant determines whether a permit or notification is required, identifies the activity type, and, when necessary, conducts a screening consultation with the County Administrative Board (CAB) and relevant parties (Cinthio, 2019). Where a screening consultation is applicable, CAB then determines, from the consultation material and applicable regulations, whether a significant environmental impact is likely. A positive determination requires delimitation consultation and a specific environmental assessment; otherwise, simplified assessment documentation is prepared (Naturvårdsverket, 2025b). Consultation informs the scope of the environmental assessment and formal application documents (Länsstyrelsen, 2026c), after which the application proceeds to completeness review, public participation, regulatory assessment, and decision-making  (Länsstyrelsen, 2026b, 2026c). 

Actors & Institutional Roles
The process includes applicants, regulatory authorities (including referral authorities), affected individuals, and the public. The applicant is responsible for assessing the project's impact, preparing consultation materials, conducting consultations, producing technical documentation, supplementing the application with additional documents if it is incomplete, and addressing feedback received on the application (Länsstyrelsen, 2026c, 2026a, 2026b).  While the CAB is responsible for deciding whether a significant environmental impact is likely, the Environmental Permitting Delegation (MPD), a regulatory authority unit within the CAB, reviews the permit application for type B activity (Naturvårdsverket, 2025b; Länsstyrelsen, 2026c). Appeals against MPD permit decisions are reviewed by the Land and Environmental Court. MMD, however, also reviews permit applications for type A activities and activities that fall under water operations, while municipalities receive and assess notifications related to type C activities, may participate in consultation, and serve as referral bodies (Cinthio, 2019; Naturvårdsverket, 2025a). 

Document & Information Requirements
The environmental permit application generally includes technical descriptions, environmental impact assessment reports (or simplified impact assessment reports), consultation reports, and supporting appendices. Technical information concerns the activity’s design, operation, materials, emissions, waste, energy, transport, water use, and control measures (Länsstyrelsen, 2026a). The environmental information covers the effects on people, natural values, protected areas, water, soil, air, and noise, as well as risks, alternatives, and mitigation measures (Länsstyrelsen, 2025c, 2025b, 2025a, 2026d). In addition, Spatial evidence may include coordinates, site maps, protected areas, affected receptors, and geospatial data.

Authority Review & Decision Making 
The designated authority reviews submissions, coordinates with the referral authority, or conducts completeness checks, requests supplements if required, publishes the application for information exchange between the applicant and the public, assesses the submissions, and prepares for the decision. Decision-making is based on the assessment of combinations of documents, including the original application, supplementary materials, consultation reports, and feedback & responses during information exchanges. The relevant authority reviews whether the submission satisfies the requirements under Chapter 6 of the Environmental Code and the EPP-related Ordinances (Ds 2000:61, 2000; SFS 2013:251, 2013; SFS 2017:966, 2017). The permit decision may grant or reject the application and impose mitigation, monitoring, or operational conditions (Länsstyrelsen, 2025a, 2026b; Naturvårdsverket, 2025b). 

The case study shows that information needs vary by EPP stage and that responsibility for preparing, supplementing, and assessing information is distributed across participants. During consultation, applicants describe the proposed activity, location, site-specific environmental conditions required for the EIA, and potentially affected receptors; the CAB and municipalities may identify gaps requiring further investigation (Länsstyrelsen, 2025c, 2026c). These needs correspond to AI/ML support for environmental baseline characterization. Technical guidance requires information on emission sources, flows, compositions, quantities, and concentrations, whereas an EIA considers their consequences relative to existing conditions (Länsstyrelsen, 2025c, 2026d), which corresponds to environmental prediction tasks. The Environmental Assessment Ordinance also requires descriptions of forecasting and measurement methods, information sources, methodological deficiencies, and uncertainties in EIA preparation and authority review (SFS 2017:966, 2017), aligning with risk- and uncertainty-related support. Finally, completeness review entails referrals, comment exchange, applications, supplements, authority opinions, and applicant responses, creating potential for evidence extraction, retrieval, and comparison (Länsstyrelsen, 2026b). Table 1 summarizes the analytical mapping of Swedish EPP requirements to potential AI/ML functions derived from the literature.

Table 1: Analytical mapping of Swedish EPP requirements to potential AI/ML application themes
	Information Requirements in the Swedish EPP
	Stages & Tasks in  EPP
	Actors/Roles
	Potential ML application themes
	Supporting Studies

	Baseline environmental and spatial information describing the proposed location, environmental conditions, and potentially affected receptors
	Pre-application, screening, consultation, application preparation
	
Applicant/consultants produce evidence; CAB reviews consultation material
	Environmental Monitoring & Evidence Generation
	(Ye et al., 2020; Abu El-Magd et al., 2023; Mishra, Mishra and Agarwal, 2025)

	Evidence concerning anticipated environmental impacts, alternatives, and mitigation measures.
	EIA preparation, alternative assessments, technical assessments
	
Applicant/consultants prepare impact evidence; authority reviews submissions
	Predictive Environmental Impact Modelling
	(Jahani et al., 2016; Abu El-Magd et al., 2023; Anifowose and Anifowose, 2024; Xu et al., 2024)

	Risk, uncertainty, & scenario evidence required for assessment and decision-making
	Consultations, EIA preparation, and assessments of the submissions by authorities
	Applicant/consultants prepare risk evidence; referral authorities and competent authority assess/comment
	Risk & Uncertainty aware decision support


	(Jahani et al., 2016; Moe, Carriger and Glendell, 2021; Xu et al., 2024; Yassen et al., 2025)

	Accessible & traceable technical, environmental, procedural, and legal information contained in permit documents
	Application preparation, completeness review, authority referral & assessment
	Applicant submits documents; CAB/MPD reviews; referral bodies/public comment
	Document Handling & Intelligence
	(Breit et al., 2020; Hidayat and Satwiko, 2022; Meyur et al., 2025)





DISCUSSION AND CONCLUSION
 The contribution of the study is the analytical mapping between identified information requirements in EPP and AI/ML functions, which may provide a basis for subsequent evaluation of their feasibility and effectiveness in environmental permitting workflows. Though the case study focuses on activity type B, findings may be analytically transferable to the broader Swedish EPP for hazardous activities. Both type A and B pathways share information requirements regarding consultation, application preparation, environmental assessment, supplementation, referral, public participation, and decision-making, although their competent authorities and procedures differ (SFS 2013:251, 2013; Naturvårdsverket, 2025b). The EPP for type C activities follows a less demanding notification pathway but still requires technical and environmental information (SFS 2013:251, 2013; Naturvårdsverket, 2025a). The findings, therefore, indicate recurring information requirements that form a basis for decision-making without claiming procedural generalization across activity categories. 
The result indicated that ML may support EPP tasks such as environmental monitoring, evidence handling, prediction, risk modeling, and document management. However, these applications may be recognized as information-management and decision-support candidate tools for supporting information preparation, management, and review under human oversight, rather than as mechanisms for automating permit decisions. This is particularly important because the EPP involves legal-administrative judgment and affects applicants, communities, and environmental interests.  Furthermore, the document-intensive nature of the EPP necessitates handling information in a traceable and transparent manner, as stakeholders often need to know how it was processed, its source, and whether the process can be relied on. The applications may be relevant at stages such as early consultations, screening, scoping, application preparation, and application review, as these stages involve assessing, quantifying, generating evidence, and checking the information requirements that emerge in the EPP, as highlighted in the results section. 
The reviewed evidence remains task- and context-specific and does not demonstrate AI applications in operational EPP workflows or the prediction of final permit outcomes. The findings suggest that AI may support baseline screening, environmental impact prediction, risk-evidence organization, and auditable document handling; however, it may not replace legal-administrative judgment. Furthermore, the literature includes both empirical and conceptual studies with varying levels of validation; therefore, the application is interpreted as a potential information management and decision support functionality. Furthermore, AI models may face limitations in calibration, validation, and retraining in new contexts, as future studies may be needed to determine whether information submitted during EPPs, along with available data, is sufficient to train robust AI models. Future research is required to evaluate these applications within real permitting processes and determine whether permitting data are sufficiently structured and accessible to support reliable model development while preserving transparency, traceability, accountability, and human oversight.
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