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Abstract

:

Infrastructure plays the largest role in the amount of annual emissions, so much so that investments promoted in the European Union must be subjected to a careful assessment of the sustainability of projects. The current landscape for assessing the sustainability of infrastructure is varied and complex. Considering the object of the assessment methodologies (such as the Environmental Impact Assessment or the Ecological Management System) and specific tools such as Envision, there is a shift from the infrastructure in itself and the company’s actions to promoting sustainable development. This article introduces a methodology to examine how tools used in environmental impact assessments of transport infrastructure projects, regardless of the actor implementing them, align with different sustainable development objectives. Moreover, it identifies the Sustainable Development Goals (SDGs) as a reference point that can be used in estimating the validity of these instruments. This paper also validates the methodology proposed in our study, by comparing the results obtained on the Envision model with those obtained from its application in a case study regarding the Terzo Valico dei Giovi, a railway infrastructure in Italy. The article shows that although the final target is in many respects the same, the nuances with which actors pursue sustainability through the different instruments vary.
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1. Introduction


While the Brundtland Report defined the parameters through which to define what sustainable development is, it is only since 2015, with the endorsement of the 17 sustainability goals (SDGs) of the UN 2030 Agenda, that the applications on which to act to reach global sustainable development have been determined [1]. As well known, SDGs consist of 169 parameters through which to measure progress on each goal [2] and to identify the actions needed to reverse negative trends. This systematic approach makes it possible to describe the global dynamics of sustainability through the SDGs.



The Next-Generation EU policy, in 2020, allocated EUR 738.8 million for the 2021–2026 period to address the post-pandemic socio-economic crisis. This policy not only targets climate change [3], but also advocates for the implementation of the Trans-European Transport Network (TEN-T) [4,5], which aims to develop a coherent, efficient, multimodal, and high-quality transport infrastructure across the EU. According to a UNOPS report based on annual updates of member countries’ greenhouse gas inventories [6], infrastructure is associated with 79% of all emissions [7]. For this reason, it is necessary to identify how the management and monitoring of sustainable development and its environmental impact are carried out regarding transport infrastructure, during its construction and throughout its lifetime. This is ensured by the application of assessment methodologies—such as the Environmental Impact Assessment (EIA) or the Ecological Management System (EMS)—and specific tools, such as Envision. EIA determines the preliminary choices and how these affect space and time [8,9], while EMS certifies sustainable development according to a set of rules that define the measurement and monitoring criteria [10]. Inside the family of EMS, in this article, we introduce ISO14001 [11] and the Eco-Management and Audit Scheme (EMAS), which attest to the certification of a company’s activities through which arbitrarily identified objectives for a sustainable approach can be measured.



Therefore, numerous methodologies for evaluating social and environmental impacts are thus available today. Gaining a deeper comprehension of these methodologies and their practical applications is valuable for policymakers and industries alike. Given the significant repercussions of infrastructure, along with their considerable investment requirements and enduring impact on various human activities, meticulous and well-informed planning becomes imperative. Both industry stakeholders and local authorities need to adopt a proactive stance, taking into account potential future changes in the landscape and regulatory frameworks.



The demand for new, high-performance, and resilient infrastructure and the projection towards a sustainable future involve conflicting goals that raise questions about the correct approach to evaluation. For this to be possible, it is necessary to identify how the management and monitoring of sustainable development and its environmental impact take place during the construction of a large strategic infrastructure and throughout its lifetime [12].



This makes it necessary to check which of the objectives for sustainable development are covered by such instruments, and in which manner they are assessed. To answer this question, we propose a methodology to assess how closely the Envision tool, the main voluntary tool for assessing infrastructure sustainability, adheres to the SDGs. In this contribution, it is believed that the SDGs should represent the starting point to determine a suitable development direction for the process of infrastructural development and a transformation of territory that is socially and environmentally sustainable. Subsequently, the same methodology is applied to a real case study certified by EMAS, a tool designed for assessing the sustainable approach of companies. Therefore, this paper aims to prove that the assessment of sustainability varies depending on which actor pursues it, especially in the construction of large transport infrastructures.



Section 2 provides background on the impacts that large infrastructures and their implementation have on the territory and introduces the tools and protocols through which to assess their sustainable approach—EIA, ISO14001, EMAS, and Envision. In Section 3, a methodology is proposed for assessing the adherence of infrastructure sustainability assessment tools to the SDGs. In Section 4, this methodology is validated through a case study, the EMAS protocol of the Terzo Valico dei Giovi—Nodo di Genova (Italy) [13]. In Section 5, the results obtained are presented, then discussed in Section 6, and Section 7 concludes.




2. Definitions and Assumptions


Starting from the analysis of the existing literature that examines issues of infrastructure development with respect to the socio-environmental and economic impacts that infrastructure entails, this section will introduce the tools designed to assess the sustainable approach that infrastructure construction implies. To achieve this goal, a brief regulatory overview is given framing the role of EIA in the evaluation of transport infrastructure projects to introduce EMSs, such as ISO14001 and EMAS (Section 2.1), and evaluation tools, such as Envision (Section 2.2). The reflections introduced form the basis on which the methodology proposed in the following paragraphs is articulated.



The theoretical and empirical literature relating the impacts of transport infrastructure on the development of territory and sustainable development is very active. Transport infrastructures play a relevant role in the economic development of a country [14]; they contribute to the enlargement of the market—of labor, goods, and ideas—which affects a territory and lowers previous trade barriers [15], and are the basis of development policies and territorial cohesion [16]. In fact, in a developed country, an adequate transport infrastructure system is capable of fueling a process of economic growth [17], so much so that several authors identify infrastructural development as a key element for economic growth and improved quality of life [18,19]. The presence and construction of an infrastructure represents a strong act of transformation for an area and can generate positive and negative externalities [20], which can be defined as unintentional and unbalanced welfare losses or gains from an extraneous activity [21]. Several studies in the literature have highlighted the attempt to internalize costs arising from negative externalities through targeted policies [22,23], and these include social impacts from the intended use of transportation infrastructure (traffic, noise, injuries, and accidents) and environmental impacts, mainly related to emissions of greenhouse gases. However, as previously mentioned, there is a risk that certain positive externalities may trigger negative externalities [24], but this risk would be reduced with a sustainable approach to infrastructure development that can mitigate the effects of climate change [7].



It is considered that investments in the innovation and development of the transport infrastructure network can ensure a reduction of economic disparities and promote economic development and territorial cohesion [16,25]. Unsurprisingly, the Next-Generation EU and the resulting Recovery and Resilience Fund (RRF)—which are part of development and growth policy promoted by the European Union to overcome the COVID-19 post-pandemic crisis—are based on principles of both reducing economic disparities and promoting economic development and territorial cohesion. To access the funds guaranteed by the EU, each member state had to submit a National Recovery and Resilience Plan (NRRP). The European Union has identified the first two pillars—Green Transition and Digital Transformation—as the investment guidelines through which member states are required to prepare their implementation agenda with projects and policies. The investments in the renewal and development of a competitive and performing infrastructure network represent the territorial dimension through which the NRRPs are cast through project proposals [26].



However, an infrastructure investment plan does not only assume positive spill-over effects, but negative externalities must also be added, covering both social aspects and environmental impacts: on noise, emissions, congestion, and traffic [27,28]. Finding a method by which to measure the various externalities in such a way that they can be objectively compared is the subject of numerous studies [29,30,31,32]. At the same time, the search for an adequate assessment of the environmental impact of transport infrastructures and how it can influence the investment evaluation process is added to these evaluations. Exactly as emphasized by the European Union in its agenda with a 2027 horizon [33], the main aim is to invest in a greener and more sustainable Europe.



Sustainable development provides a basis for assessing climate change mitigation policies and highlights the need for adaptation to avoid the risk of significant environmental impacts [34]. Adaptation policies, strategies, and measures, if they are to be truly capable of increasing security, decreasing negative impacts, and producing climate-resilient infrastructures, must be based on local scenarios (that consider social, environmental, and economic aspects) [35]. The first step is the introduction in 1985 of the EU Directive 85/377/EEC which promotes the use of EIA as a fundamental environmental policy and planning tool [8,9]. The EIA is a foresight policy tool through which the main impacts on sustainable development that infrastructure generates can be identified and prioritized [36], and it also has a dedicated attitude to promoting mechanisms for the correction and compensation of these impacts [37]. Thus, the EIA plays a decision-supporting role despite the risk of generating interpretative conflicts between the corporate investment intention and the environmental policies promoted by institutions [38]. Moreover, part of the recent scientific literature proposes to implement the EIA with methodologies capable of determining the temporal and spatial impact that the realization of an infrastructure would have on the territory by considering its effects and costs over the entire life cycle [8,39,40] and not limiting the analysis to a single project. In addition, some research proposes that to make EIA procedures more comprehensive, proactive interventions necessary for the limitation of potential negative impacts and indications raised by local communities should be integrated into them [41].



Finally, a comparison between EIA and EMSs shows how the EIA provides a snapshot before implementation, whereas EMSs give an ongoing update of both monitoring and environmental risk prevention and mitigation actions. While EIA holds a preliminary position, Ecological Management Systems (EMSs) were subsequently introduced to support the implementation process. EMSs, such as ISO14001 and EMAS, are tools that any organization can implement to manage its business processes in compliance with the company’s environmental policy, as well as the relevant legislation, through specific assessment metrics [10]. To these can be added a voluntary tool, such as Envision, useful for evaluating an infrastructure according to economic, social, and environmental parameters [42]. These various approaches will all be analyzed below.



2.1. The Ecological Management Systems: ISO14001 and EMAS


The pivotal principle around which EMSs are conceived is the continuous monitoring and updating of actions through which to avoid and reduce the environmental risk that the realization and initial implementation of an infrastructure entails [43]. Over time, several tools have taken hold that provide systematic support for companies to design their EMSs such as ISO14001 and EMAS [44,45]. EMAS includes the same EMS requirements as ISO14001, and these assume that a company provides itself with and is prepared for proactive environmental strategies [45]. In fact, the European Commission has increased the complementarity between the two and has, since 2001, incorporated the requirements of ISO 14001 as an annex to the EMAS regulation [46,47]. Therefore, below, this will be analyzed according to a common and shared framework for both.



Both ISO14001 and EMAS are among the most important and widespread voluntary and EU-wide environmental management systems [44,48]. Both are currently used to improve the environmental performance of organizations through the implementation of environmental management systems, systematic assessments via audits, transparent communication and continuous updating, the active involvement of stakeholders, and staff training [48,49,50]. The implementation of the ISO 14001 and EMAS standards thereby aims to improve environmental practices and performance, especially for activities considered particularly polluting [49].



We would like to underline that institutional pressure exists from regulatory and normative forces in inducing their adoption by companies [44,51] and it can be argued that ISO14001 and EMAS-certified companies gain intangible benefits from the credibility gained through their environmental governance [52]. This is further evidenced by the ease of access to bank guarantees by companies certified with EMSs. Indeed, this goes a long way in explaining the adherence by substantial numbers of private companies [53], even though these EMSs refer to government regulations that go beyond the environmental commitment commonly required of companies [52]. Therefore, the projects themselves also gain recognition for their social and environmental legitimacy. To corroborate this assertion, Italian legislation has promulgated the Law of 28 December 2015, no.221 “Dispositions on environmental matters to promote green economy measures and for the containment of the excessive use of natural resources”, through which the Catalogue of environmentally harmful and favorable subsidies is instituted in art 68 [54]. This takes on greater value if it is noted that Italy is the European country with the highest number of EMAS-certified companies [55]. This tool allows the consultation and selection of measures according to different criteria, such as the scope, the type of subsidy, and the environmental sector [56].



The approach on which ISO14001 and EMAS are based is the identification and analysis of the critical elements of environmental management, the definition of environmental objectives, rules, and procedures that regulate how an organization interacts with the natural and social environment in which it operates, and the implementation of monitoring actions to identify appropriate corrections and effectively implement improvement plans. This cycle should guarantee continuous improvement in the environmental performance [44,50]. However, despite the progressive affirmation of ISO 14001 certification [44,57] and the centrality of the EMAS protocol [58] there is substantial stagnation concerning the adoption of the SDGs within environmental policies [59,60]. Moreover, since the requirements dictated by the EMAS standards are more substantial than those of ISO 14001, which is part of it [61], EMAS takes prevalence.



In conclusion, ISO14001 and EMAS have the common goal of the continuous improvement of environmental performance and their substantial difference is in their origin: one was born as a regulation and the other as a tool. In both cases, the predominant role in the process is played by the certified company.




2.2. Voluntary Tools for Infrastructure Sustainability: Envision


Envision is a support tool for the design and realization of sustainable infrastructures recently developed by the Institute for Sustainable Infrastructure [42]. Conceived as a protocol, it allows planners to involve stakeholders to improve the decision-making process, accelerate the construction process, and highlight positive effects on the actual sustainability of a project, even in the long term [62]. Moreover, it is a rating system designed to realize, in a sustainable way and through an analysis grid, any type of civil infrastructure [63]. This methodology, promoted by Envision, is aligned with the main trends for assessing transport sustainability based on a system of relevant indicators or indexes [64].



Envision certification differs from ISO 14001 and EMAS certification in that once a third-party assessment has been obtained, there is no subsequent validation phase by any public authority. Although Envision does not reflect the regulatory requirements, it indirectly ensures adherence to them, allowing the penalties associated with any violations to be avoided. Unlike ISO 14001 and EMAS certification, however, it does not involve tax and insurance benefits [49,65].



Envision is based on three different levels: categories, subcategories, and criteria. There are five categories, and they represent the macro-areas of impact according to which the sustainability of the project can be assessed: Quality of Life, Leadership, Resource Allocation, Natural World, and Climate and Risk [66]. The 14 subcategories identify the main elements of each area and group a total of 59 criteria under them (Figure 1). Each criterion provides a sustainability indicator related to a specific aspect of environmental, social, or economic interest that can reach five different levels of achievement: improved, enhanced, superior, conserving, and restorative; extra credits are also provided in recognition of any added value in terms of innovation. The certification level is established, in percentage terms, based on the score achieved, and is the ratio between the score obtained and the maximum score attainable. Certification levels can be as follows: verified (at least 20%), silver (at least 30%), gold (at least 40%), and platinum (at least 50%) [65]. As a final act, the project team is asked to carry out a self-assessment to verify the minimum achievable potential [67]. A third party is commissioned to give an opinion on the certification by evaluating all the credits in the protocol, assigning the potential achievement level to each of them, and then certifying that the project meets the protocol requirements [65].



The current European regulation makes EMAS, consequently ISO 14001, a requirement, which results in only a relative use of Envision, even though it is specifically designed for infrastructure assessment, considers resilience more integrally [68], and ensures a greater involvement of all stakeholders.





3. Materials and Methods


This section presents the methodology used to quantify which SDGs are covered by specific infrastructure sustainability assessment tools. In particular, Envision is analyzed because it is specifically designed for infrastructure assessments and is, therefore, free of constraints related to the regulatory context [69,70,71,72] or the type of work [72,73,74].



3.1. SDGs Evaluation on Envision Protocol


Recalling the considerations presented in 2000 by Robèrt [10], the metrics through which sustainable development is currently measured either verify the relevance, quality, and quantity of the various activities in alignment with the same principles or perform specific measurements on impacts that violate the principles themselves. As all the sustainable development evaluation systems highlighted above refer to a framework of goals, this article proposes a methodology and criterion to compare the metrics used by Envision with the SDGs. To carry out this process, the comparison with Envision was decided upon since the latter is structured according to a clear methodical checklist valid for any infrastructure and is, therefore, reproducible. The evaluation systems for sustainable infrastructures differ in their choice of credits, their organization, and the importance attached to each [75] and it is, therefore, possible to assess Envision’s adherence to the SDGs by verifying which aspects the 59 credits cover.



The methodology proposed and applied is divided according to two parallel approaches of identifying the relationships between the objectives expected by the Envision protocol and the SDGs. In this way, it was possible to achieve two comparable results that best summarize the relationship. The first approach is based on a process of analogy and similarity of intentions; the second involves a weighted application between the targets of the SDGs and the Envision score attributions (Figure 2).



The analogy and affinity approach is a method that identifies an unambiguous relationship between the objectives that make up the Envision protocol and the SDGs, synthetically it can be defined as a Goals-Based method. From the reading and analysis of the “intents” outlined in the protocol, a description more in line with those of the objectives underlying the 17 SDGs was added. Therefore, each Envision criterion corresponds to one of the SDGs. This process was carried out individually by each researcher and then the results obtained were shared and discussed. Finally, for each of the SDGs, the relative weight they hold within the overall score through which the sustainability of an infrastructure is determined according to Envision was calculated, both individually and for each of the 5 areas (Figure 3).



The above analysis, while effective in providing a preliminary overview of the weight of the SDGs in Envision’s five areas, has limitations in terms of depth. Since, Envision takes a step-by-step approach to measuring the sustainability of infrastructure, assigning increasing scores to each criterion, generally varying from the ‘Improved’ level to the ‘Restorative’ level, concerning the adherence to specific project characteristics (Figure 3), it was decided to apply a second, more target-based methodology (Figure 4). This relates to the individual Envision targets and the observations required to move from one score level to the next with the targets that make up the SDGs. This procedure is more detailed and thoughtful than the individual steps that the protocol requires for its attestation. The Envision checklist not only delineates the targets of each criterion, which is fundamental for the above analysis, but also provides detailed conditions necessary to reach the subsequent levels. Moreover, compared to the methodology used in the first Goals-Based step of our analysis, given the greater level of detail, multiple matches with the SDGs were also assessed. Indeed, it was found that several Envision steps recalled more than one target of the SDGs. Furthermore, to reduce randomness in the correlations, possible indirect spillovers to areas concerning other SDGs were not considered. This process would have detached and overcomplicated the path identified with the objective that this article aims at to have a clear picture of the sustainability of infrastructures through a relationship with the SDGs.



To calculate the weight of each of the SDGs within the protocol, the scores recognized by Envision were added to the levels to which they were related. If two SDGs were assigned to a single level, the respective scores were divided equivalently. Finally, the aggregation of the scores associated with each SDG between the levels of the 59 criteria made it possible to identify which SDGs are being pursued and to what extent within the protocol. As with the previously proposed methodology, the analyses and attributions of the SDGs were performed separately by both authors, and then compared and synthesized into a single output of results.



The results obtained from the two methodologies used to describe the relevance of the Envision targets to the SDGs are comparable (Table 1). The most substantial difference can be seen in the exchange of weight between SDGs 12 and 13—“Responsible Consumption and Production” and “Climate Action”—but with variations of less than 5%. Given the cross-cutting impacts that characterize an infrastructure project [20,29,76], it is evident that the Envision protocol considers almost all of the SDGs, albeit with significant variations between them.



From the analysis conducted, in the first position is Goal 11, “Sustainable Cities”, with more than 20%, highlighting the protocol’s commitment to encouraging the participation of all stakeholders. This aspect is further underlined by the points accumulated in the context of Goal 17, emphasizing the protocol’s commitment to ensuring rapid project implementation. The high percentage attributed to Goal 11 can be explained by its inherent cross-cutting nature and the role of infrastructure in the development of sustainable cities [77].



Further considerations will be discussed in Section 6.1—SDGs in Envision Protocol.





4. Case Study and Application of the Method


In this section, the methodology proposed in Section 3 is validated by applying it to assessment methodologies such as the EMAS protocol of a specific infrastructure. Section 4.1 introduces the Terzo Valico dei Giovi, the infrastructure work to which the EMAS certification in question refers. Subsequently, in Section 4.2, the application of the methodology expressed above to this case study is reported to verify its relevance to the SDGs that emerged in Section 3.



4.1. Terzo Valico Del Giovi


The case study selected for this article is the Terzo Valico dei Giovi-Nodo di Genova (TV). This was chosen because of its strategic importance in Italian infrastructure planning, because of the engineering scope of the work, and, finally, because one of the authors was hosted for a six-month research period at the environmental management offices of the general contractor: Consorzio Collegamenti Integrati Veloci (COCIV). The successful outcome of such a complex project depends on finding the compromise between the required construction performance, deadline, cost, safety, logistical constraints, and working conditions, always taking into account compliance with environmental regulations [78].



The TV is a railway infrastructure currently under construction. Its path extends between Genoa and Tortona mainly in a natural tunnel, with the primary objective of optimizing the connections of the Ligurian port system and improving the connections between northern Italy and central Europe (Figure 4).



The project includes the construction of 36 km of tunnels, out of the total 53 km of the line, with a total underground excavation that, considering accessory tunnels, reaches 88 km and a total production of muck equal to 16 million m3 [13]. The pass tunnel alone, with its 27 km, is currently one of the longest in the world; it crosses various geological formations, in a complex scenario linked to challenging geotechnical conditions and the presence of asbestos and methane gas [79].



The first procedures for the realization of the TV date back to 1991 with the start of the national policy for the construction of new high-speed railway lines. It was only in 2012 that the start of the works was achieved after years of denied outcomes through the EIA procedure; the completion of the works is scheduled for June 2025.



The infrastructure is realized by the COCIV consortium against an expenditure of EUR 6.9 billion, 3.4 of which comes from National Recovery and Resilience Plan [80] fund, is classified as a national strategic infrastructure [81], and is also included in the EU TEN-T policy [4] as the Mediterranean terminus of the Rhine-Alps corridor. The synergy that will be created between the Genoese port and the TEN-T will make it possible to maximize the growth in the commercial traffic expected thanks to the upgrading work being carried out in the Genoese port [78].



COCIV in the analysis of the strategies to be pursued since 2012 is assisted by the Environmental Observatory (EO), which consists of representatives from the Higher Institute of Health, ministries, regions, provinces, and the Regional Agency for Environmental Protection (Arpa) involved [82]. Moreover, to identify solutions capable of certifying the sustainable approach to the construction of the infrastructure, since 2018, COCIV has relied on the ISO 14001 standard and, since 2020, on the EMAS Regulation, with which it maintains control over the environmental impacts that the work generates on seven directives: air, water, waste, hazardous waste, soil, road, and noise.



COCIV, for TV, obtained EMAS certification to optimize business processes, reducing environmental impacts, effectively managing resources, and promoting dialogue with stakeholders. Based on the results shown by the environmental indicators, the protocol defines appropriate actions aimed at pursuing the principle of continuous improvement. The protocol pays special attention to relevant environmental aspects and related investments. The organizational context, stakeholders, performance indicators, and environmental targets complete the picture, providing an overview of environmental initiatives.



The EMAS protocol is subject to verification by the EO via Audit. EMAS identifies the Significant Environmental Aspects (SEAs) according to the type of work, and for each of which indicators are calculated to define any actions necessary to manage and mitigate them. Therefore, it is necessary to pursue a procedure for the identification of SEAs, the most important elements in an EMS [11], although at the same time, their definition represents one of the most problematic parts of the implementation of an EMS [83]. The EMAS regulation does not establish a method for assessing SEAs, but only provides some general guidelines [84]. The criteria on which they are defined must be comprehensive, susceptible to independent verification, and reproducible. These criteria may include issues related to material and energy flows, water resources, waste, biodiversity, emissions, as well as stakeholder opinions [47,49,84].



To identify the SEAs of the TV, COCIV follows a top-down process defined in the company’s environmental analysis. The first stage of the analysis delves into existing policies, specific risk elements, sector plans, and construction processes and encapsulates all within an Environmental Management Plan. The environmental risk aspects are organized in a summary table according to the work performed [13]. Each process is assessed individually against each environmental aspect by calculating the risk of generating a negative environmental impact. Following this procedure, SEAs are identified where a high risk is identified (Figure 5). The analysis considers all activities, even those not directly managed by the consortium, for reasonably foreseeable operating conditions and abnormal/emergencies. The perspective adopted covers the entire life cycle of the work, with a sensitivity relationship based on impact management efficiency, relevance, and sensitivity: vulnerability concerning the territory and stakeholder perception [13].



More particularly, the EMAS environmental statement addresses the management of excavated soil: of the 16 million m3, a part will be reused within construction sites and the majority will be used as a by-product for the environmental rehabilitation of former borrow pits [13]. Therefore, the management of these muck volumes presents economic and environmental challenges related to transport and storage to enable its reuse [85] while avoiding its disposal as waste. At the same juncture, the handling that takes place mainly via road vehicles is considered, for which emissions and fuel consumption are monitored [13]. An important additional challenge is the presence of natural asbestos along the route of the work. Consequently, a specific asbestos risk management protocol has been developed and approved to mitigate its possible impacts [86].




4.2. SDGs Evaluation on TV EMAS Protocol


After analyzing the adherence of the Envision protocol to the SDGs in Section 3.1, the same target-based approach was used in our case study to check the correspondence between the SEAs identified in the TV environmental statement and the SDGs.



To assess the alignment of the TV’s EMAS protocol with the SDGs, it is possible to use the significance table of environmental aspects [13], associating the SDGs with the 66 identified SEAs. The analysis was started by independently considering each of the areas identified in the rows of the table (Figure 5), concerning the associated or associable works. Similarly, to the operation carried out for the Envision protocol, the definitions of the 169 Targets that make up the SDGs were carefully examined to identify the underlying objectives. Subsequently, up to two SDGs were attributed to each SEA that were deemed to be predominantly pursued by comparing the TV-Targets SDGs.



The assignment was made considering the nature of the infrastructure and the impact of the operations on the areas being monitored, based on the in-depth studies in the EMAS protocol. In particular, the assignment of the SDGs was based on the analysis of the indicators defined in the protocol to monitor the effectiveness of preventive actions and to implement corrective ones. Where no specific indicators were defined, the attribution was based on the characteristics of the work and the area where the work is performed. To minimize randomness in the correlations, any indirect effects on areas related to other SDGs were not considered. The quantification of the weight of each SDG within the EMAS protocol provided for the assignment of one point for each SEA and, consequently, one point for each related SDG. In cases where two SDGs were assigned to a single SEA, the scores were distributed equivalently. Finally, the aggregation of the scores associated with each SDG made it possible to identify the SDGs pursued and their scope within the TV’s EMAS protocol. The analysis shows that nine SDGs with different emphases are considered in EMAS certification (Table 2).



The analysis shows that the SDG predominantly addressed is SDG 9, ‘Innovation and Infrastructure,’ with over 26% of the total, given the crucial role played in surveys, prospecting, and excavation and rehabilitation activities. This result is consistent with the nature of certification applied specifically to infrastructure works. Further considerations will be discussed in Section 6.2—SDGs in TV’s EMAS certification—as they are useful for comparison with the Envision protocol analyzed above.





5. Results


In the following section, the results obtained from the application of the two Target-based methodologies (described in Section 3.1 above) on the Envision–SDGs relationship and the TV–SDGs relationship will be analyzed more particularly (Table 3). In presenting this comparison, the authors want to focus not only on the points of the greatest difference between the results obtained but, above all, on the points of commonality. Similar results between Envision and the analyzed case study, the EMAS of TV, are at the basis of the validation of the proposed methodology and this ensures that theoretically indispensable SDGs can be identified to determine the maintainability of transport infrastructure.



With comparable percentage weights, SDGs 12, 13, and 15—“Responsible Consumption and Production”, “Climate Action”, and “Life on Land”—together exceed 40.00% of the total (Table 3). From this, it can be deduced that the sustainable development of an infrastructure, regardless of the matrix of origin of its evaluation, takes more into consideration the reduction of energy consumption and natural resources by acting directly on the productive efficiency of the company (SDG 12), the fight against climate change by reducing emissions both during construction and by promoting conscious use (SDG 13), and the protection and preservation of the environmental conditions with which it will interfere (SDG 15). Three main conditions, therefore, emerge: economic and social sustainability given by SDG 12 and the reduction of its environmental footprint and its spill-over effects on the territory, SDGs 13 and 15.



From the application of Envision’s methodology, significant results are observed in the goals oriented toward environmentally sustainable development and concerted planning with all stakeholders. The SDG 11 (Section 3.1) accounts for more than 20% of Envision’s total score. In second place is Goal 12 which influences the design of the infrastructure and is positively reflected up to the decommissioning phase. This is followed by Goal 13, “Climate Action”, which is not only a fundamental requirement for the realization of the project, but also emphasizes the positive impacts once the infrastructure is in operation, and Goal 11, which rewards the identification of areas in which the realization of the infrastructure limits ecosystem damage. Also, from an environmental perspective, the scores given to SDGs 6 and 7, “Clean Water” and “Clean Energy”, which play a crucial role in both the construction and operation phases of the work, are explained.



The validation of the methodology, through its application to the TV EMAS case study, shows a prevailing focus on SDG 9, “Industry, Innovation, and Infrastructure”, with 26.52%, followed by, in order: “Life on Land”, with almost 17%, “Responsible Consumption and Production”, with almost 16%, and “Climate Action”, at 12.88%. Other SDGs considered significantly are 11, “Sustainable Cities”, and 3, “Good Health and Well-being”, both with values of around 10%. The methodology then recognizes a value of 6% for SDG 6, “Clean water”, and residual values for Goals 8 and 7. The remaining SDGs, 1, 2, 4, 5, 10, 14, 16, and 17, are not addressed by the TV EMAS protocol.




6. Discussion


This section discusses the results explained in Section 5, obtained thanks to the methodological application proposed in Section 3 and validated in Section 4. The focus will be, firstly, in Section 6.1, on the results that emerged from the application of the methodology to the Envision protocol, then on the evidence that emerged from the validation obtained through the application to the real case in Section 6.2, and finally, in Section 6.3, the evidence that can be deduced thanks to the present article is presented.



6.1. SDGs in the Envision Protocol


The application of the methodology shows that the Envision Protocol pursues all SDGs with the exception of 1 and 5, showing a substantial adherence to the policy defined by the UN. Specifically, as anticipated in Section 5, those pursued in a prevalent manner are 11, “Sustainable Cities and Communities”, 12, “Responsible Consumption and Production”, and 13, “Climate Action”, which weigh in at 50% of the total. Other relevant results are reached by SDG 15, “Life on Land”, 6, “Clean Water”, and 17, “Partnerships for the Goals”. Finally, although in a marginal way, it also considers SDGs 2, 3, 4, 8, 10, and 16. This evidence can be plausibly justified considering the specific context in which the infrastructure is located. Envision is an evaluation perspective oriented towards an advanced and highly developed infrastructure context, in which the pursuit of the SDGs in question is perceived as less urgent [87]. Therefore, the application of Envision to less developed contexts may need substantial adaptations to make it more congruent with the infrastructural assessment of the specific geographic area and, consequently, with the SDGs that are imperative in that context [88]. This need becomes even more imperative in developing countries, which are often characterized by a limited implementation of environmental regulations, leading to greater complexity in the adoption of sustainable assessment systems [70].



The only SDGs not directly addressed by any criteria are 1, “No poverty”, and 5, “Gender equality”, although infrastructure contributes to national development, social development, the accessibility of services, and resilience, elements that are, nevertheless, considered by Envision and fall under SDGs 9, 10, 11, and 13. However, it is indicated how efforts aimed at a more equitable economic distribution could also be evaluated, e.g., by considering actions aimed at ensuring the use of local materials and labor [89], if necessary, also through a monitoring plan. A different matter, however, must be reserved for Goal 5. Although Envision can contribute to promoting more sustainable environments and inclusive communities through the involvement of stakeholders, it does not explicitly refer to the gender equality issues addressed by SDG target 5.5: “Ensure women’s full and effective participation and equal opportunities for leadership at all levels of decision-making in political, economic and public life Indicators” [65].



Finally, it is useful to focus on analyzing the percentage achieved by SDG 9, “Industry, Innovation and Infrastructure”, which is the one that is most directly aimed at the realization of new infrastructures. This value could be explained in that, more generally, it is the protocol itself that ensures the pursuit of this goal, unless it then declines in the multiplicity of interests concerning infrastructure works.




6.2. SDGs in TV’s EMAS Certification


As anticipated in Section 4.2, the application of the methodology shows that the SDG predominantly addressed by the certification is SDG 9, consistent with the nature of the certification, which is related to a large infrastructure project. This is followed by the aforementioned “Life on Land”, “Responsible Consumption and Production”, and “Climate Action” SDGs, which highlight the high risks associated with natural, landscape, and environmental assets, as well as those arising from the incorrect use of excavated materials.



Despite the specific nature of the infrastructure, concentrated mainly on excavation activities, the methodology confirms the centrality of Goals 13 and 15, corroborating what Ikrma et al. stated in 2021 [90]. Goal 11, “Sustainable Cities,” follows with almost 10% concerning interference with the road network affected by construction sites. Objective 3, “Good Health,” with 9%, reflects the measures taken to ensure the safety and health of operators during construction activities, as evidenced in the management of asbestos [86]. With 6%, Goal 6, “Clean Water,” is addressed by drawing on local wells and groundwater, in compliance with established limits [13]. Finally, the SDGs with residual values, Goal 8, “Decent Work,” and Goal 7, “Clean Energy,” indicate the presence of risks for social impacts and the adoption of sustainable energy practices in activities, although with lower risks.



The results of the analysis of the SDGs in the context of the case study provide generalizable insights into the adherence of all EMS certifications to the SDGs; in particular, it is effective to focus on the SDGs excluded from certification. The absence of SDGs such as 1, 2, and 4 is consistent with the socio-economic nature in which EMS is embedded and the goals that the infrastructure sets. More significant is the absence of SDGs such as 17, the pursuit of which has strongly characterized the implementation process of the work through consultations between public authorities and stakeholders, and whose most evident consequence is represented by the institution of the Environmental Observatory. Similarly, Goal 7 may appear underestimated, to which a residual value of less than 1% is associated, despite the efforts to reduce fuel use and the energy required by mechanized excavation via the Tunnel Boring Machine.



These shortcomings may be attributable to the methodology that characterizes all EMS certifications that focus exclusively on SEAs, that is, on those aspects for which a high environmental risk emerges. These procedures, therefore, prevent a more complete assessment of the work and its phases, neglecting crucial aspects that, although raised by the work, are considered environmentally less risky according to sensitivity analyses. Consequently, their application does not ensure the implementation of strategies aimed at achieving the best performance in all the fields of the SDGs relevant to the infrastructure.




6.3. Emerging Consequences


If the path to achieving sustainability is not based on deep-rooted general principles, such as the SDGs, there is a risk of solving the current problems of sustainable development and creating new problems not previously present or not considered. Assuming the SDGs as a point of reference for sustainable development, the methodology proposed in this article demonstrates that Envision is more suitable for pursuing sustainable development than the EMAS protocol. Since the criteria that companies voluntarily decide to comply with and prioritize in environmental impact assessments are identified and determined through an internal procedure that is subsequently validated, there is still the risk of having a limited view of the sustainability of the entire life cycle of infrastructure: design, construction, use, maintenance, and future decommissioning. In this situation, a conflict is generated between a corporate approach that pursues profit and internal economic stability, which can also be achieved through the benefits associated with sustainability certifications, and a fragmented description of the procedure that does not form a unitary vision of the entire process and, consequently, complicates the assessment of the sustainability of an infrastructure. Thus, it could be said that the set of criteria through which a company plans its activities to promote sustainable development are aimed at the construction of the infrastructure and not at its complete sustainability.



On this basis, the EIA becomes a tool for political action to motivate an initial investment in the creation of a strategic infrastructure; ISO14001 and EMAS can be thought of as industrial certifications through which the company approach is rewarded, and, finally, Envision represents a voluntary approach suited to the size of the work. From this representation, it emerges how the adequate assessment of the environmental impact of infrastructure over time is provided by a voluntary tool such as Envision, while in other cases, sustainable development takes on a supporting role in the construction and management process of infrastructure.




6.4. Limitation of the Research


The proposed methodology assesses the congruence of the evaluation instruments with the SDGs, assuming that the project’s adherence to them can guarantee the pursuit of sustainable development. It should be pointed out that this assumption, however, overlooks one of the two meanings to which the term “sustainability” can be referred. This is because it can encompass, on the one hand, policy commitments such as the SDGs and, on the other, the actual needs of the planet, which includes the concept of “planetary boundaries” [91]. This concept, highlighted in the disparities between resource use and social outcomes found in societies [92], underlines how the pursuit of sustainable development through adherence to the SDGs may overlook some elements of sustainability not addressed by the policy outlined by the UN.



The methodology proposed in Section 3 and applied to the case study in Section 4 adds to the large number of indicator-based approaches to assessing social and environmental impacts. Although this approach is recognized as valid for understanding whether human activities are compatible with sustainable development [93], it may compromise the restitution and interpretation of data. In fact, according to the concept of a “safe operating space for humanity” [91,92,94,95], there is a risk of using tools designed primarily for contexts of already developed countries, neglecting their limited applicability in different contexts.



A methodological limitation presented in this article can be identified in the choice of the Envision protocol alone as the evaluation criteria of relevance to the SDGs. The choice of this tool is motivated by its specific design for the evaluation of infrastructures while being adaptable to different types of projects. To ensure more robust results and a more reliable SDGs adherence framework, it will be necessary to consolidate the statistical basis by applying it again to the other existing infrastructure assessment tools [89].



In this paper, we have also started by showing an application of the methodology to a real case, the EMAS protocol of the TV, but even in this case, to obtain a greater validation of the procedure, one of the possible future developments of the research is its more widespread application to other real cases.



For the same need to validate the methodology with a larger sample, it will be necessary to extend its application to other real cases. In fact, in Section 4 of the paper, the authors limited themselves to presenting an example of a concrete case, represented by TV’s EMAS protocol. While this limits the reliability of the proposed conclusions, it is considered that it does not compromise their validity. The case study was sufficient to demonstrate that not all SDGs were addressed by the certification. However, to increase the validity of the procedure, one of the potential developments of the research is to extend the application to a wider range of concrete cases.



A further critical aspect concerns the arbitrariness of the correlations established between the SDGs on the one hand and Envision and EMAS on the other. A greater standardization of the process is deemed necessary in order to minimize the risk arising from the subjective interpretations by which authors related the various targets to the SDGs. To mitigate this risk, the correlations made by the researchers were compared and mutually motivated in such a way as to reach a single, common result.





7. Conclusions


This paper introduces a methodology, applied to the Envision protocol, to test the adherence of these tools to the SDGs, taken by the authors as a benchmark for the pursuit of sustainable development. The attempted validation of the methodology through its application to a case study shows different degrees of alignment with the SDGs according to the tool used.



However, it is no coincidence that when dealing with these certifications, the focus shifts from the infrastructure to the company. An initial analysis shows that the substantial difference between Envision and EMSs is the object of application, on the one hand, the work, and on the other, the activities promoted by the implementing company, despite the common objective being the promotion of sustainable development.



This difference is made clear by the analysis of the SDGs, which showed that the Envision protocol is better suited to their pursuit, in the context of major transport infrastructure projects. This implies, in fact, a more complete management of the different aspects involved in the construction of a work, while EMS certifications, considering only the environmental aspects with a higher environmental risk, precisely emphasize the mitigation actions introduced by companies. The fact that the Envision protocol is applied less frequently than ISO14001 and EMAS in the European context is, therefore, significant considering its greater adherence to the SDGs established at an international level, even though this protocol was not explicitly designed with this aim.



This article is the first step in deeper research on the analysis of evaluation tools for sustainable infrastructures. In the future, the proposed methodology can be validated with a broader statistical basis by applying it to other sustainability protocols than Envision and other case studies.
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Figure 1. Summary table of the Envision target and scoring system. The chromatic variation depends on the score obtained. Graphic revision by the authors. 
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Figure 2. A logical diagram of the two parallel approaches used to determine the relationship and relevance between SDGs and Envision. Graphic elaboration by the authors. 
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Figure 3. At the top, the graph highlights the percentage values that each identified SDGs covers in the overall Envision scores. The histogram below highlights that there are predominant SDGs within the 5 competence areas: Quality of Life, Leadership, Resource Allocation, Natural World, Climate, and Resilience. 
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Figure 4. TV layout. Satellite image acquired from Google Earth with post-processing by the authors. 
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Figure 5. Logical scheme by which SEAs are identified. Graphic reworking by the authors based on the Environmental Statement [13]. 
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Table 1. The table summarizes and compares the results obtained from the application of the two proposed methodologies.
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	SDGs
	Approach 1

Goals-Based

[%]
	Approach 2

Targets-Based

[%]





	
	1.

	
No Poverty






	0.00
	0.00



	
	2.

	
Zero Hunger






	1.60
	2.75



	
	3.

	
Good Health and Well-being






	2.00
	2.95



	
	4.

	
Quality Education






	0.00
	0.45



	
	5.

	
Gender Equality






	0.00
	0.00



	
	6.

	
Clean Water and Sanitation






	9.80
	9.25



	
	7.

	
Affordable and Clean Energy






	7.60
	8.00



	
	8.

	
Decent Work and Economic Growth






	2.00
	2.75



	
	9.

	
Industry, Innovation, and Infrastructure






	5.00
	2.50



	
	10.

	
Reduced Inequalities






	1.80
	1.45



	
	11.

	
Sustainable Cities and Communities






	21.40
	20.15



	
	12.

	
Responsible Consumption and Production






	12.00
	16.85



	
	13.

	
Climate Action






	17.00
	13.55



	
	14.

	
Life Below Water






	0.00
	0.00



	
	15.

	
Life on Land






	14.40
	12.30



	
	16.

	
Peace and Justice






	1.80
	2.85



	
	17.

	
Partnerships for the Goals






	3.60
	4.20










 





Table 2. Summary table of prevailing SDGs from the Target-Based approach applied to TV.
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	SDGs
	Approach

Targets-Based

[%]





	
	1.

	
No Poverty






	0.00



	
	2.

	
Zero Hunger






	0.00



	
	3.

	
Good Health and Well-being






	9.09



	
	4.

	
Quality Education






	0.00



	
	5.

	
Gender Equality






	0.00



	
	6.

	
Clean Water and Sanitation






	6.06



	
	7.

	
Affordable and Clean Energy






	0.76



	
	8.

	
Decent Work and Economic Growth






	2.27



	
	9.

	
Industry, Innovation, and Infrastructure






	26.52



	
	10.

	
Reduced Inequalities






	0.00



	
	11.

	
Sustainable Cities and Communities






	9.85



	
	12.

	
Responsible Consumption and Production






	15.91



	
	13.

	
Climate Action






	12.88



	
	14.

	
Life Below Water






	0.00



	
	15.

	
Life on Land






	16.67



	
	16.

	
Peace and Justice






	0.00



	
	17.

	
Partnerships for the Goals






	0.00










 





Table 3. Summary table comparing the results of the two Target-based methodologies applied to Envision and TV’s EMAS environmental statement, respectively.
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	SDGs
	Envision–SDGs

[%]
	Emas TV–SDGs

[%]





	
	1.

	
No Poverty






	0.00
	0.00



	
	2.

	
Zero Hunger






	2.75
	0.00



	
	3.

	
Good Health and Well-being






	2.95
	9.09



	
	4.

	
Quality Education






	0.45
	0.00



	
	5.

	
Gender Equality






	0.00
	0.00



	
	6.

	
Clean Water and Sanitation






	9.25
	6.06



	
	7.

	
Affordable and Clean Energy






	8.00
	0.76



	
	8.

	
Decent Work and Economic Growth






	2.75
	2.27



	
	9.

	
Industry, Innovation, and Infrastructure






	2.50
	26.52



	
	10.

	
Reduced Inequalities






	1.45
	0.00



	
	11.

	
Sustainable Cities and Communities






	20.15
	9.85



	
	12.

	
Responsible Consumption and Production






	16.85
	15.91



	
	13.

	
Climate Action






	13.55
	12.88



	
	14.

	
Life Below Water






	0.00
	0.00



	
	15.

	
Life on Land






	12.30
	16.67



	
	16.

	
Peace and Justice






	2.85
	0.00



	
	17.

	
Partnerships for the Goals






	4.20
	0.00
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