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Abstract

:

This paper aims to propose a financial framework based on mezzanine-type debt for financing Sustainable Infrastructure Systems (SIS). In our analysis, an exploratory-type methodology based on a post-positivist approach for describing the financial eco-innovation in the sustainable infrastructure context is used and consequently, the essential framework’s theory is developed, as well as the characteristics and schemes for its functioning. Moreover, the theoretical foundations of financial eco-innovations are analyzed. It was concluded that researchers could benefit from this framework by acquiring a better knowledge of how a mezzanine-debt type could work together sustainability criteria. This paper is expected to contribute to expanding the existing knowledge and expanding funding knowledge frontiers for SIS, as well as contributes to providing a foundation for new research topics. The originality of the proposed framework is intended to establish new ways in order to close the gap between the development of SIS and financing sources using the incorporation of sustainability criteria in the financing process. Thus, the importance of this work is based on the fact that it can be used as an academic support for producing practical solutions.
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1. Introduction


There is a growing need to develop sustainable infrastructure systems (SIS) that address coverage gaps worldwide and in turn, allow limiting the increase of temperature to no more than two degrees Celsius [1]. In this way, there is an opportunity arises to capitalize private finance on being an integral player in shaping the future green economy and financing infrastructure [2,3]. However, given that climate financing requirements are large and that there is scarcity of public funds and a restricted debt capacity, some countries have not been able to reach their investment goals [3]. Thus, financing mechanisms, which include sustainability criteria for developing a new kind of infrastructure, are required in order to meet both investment and climate changes goals [4].



Indeed, the empirical evidence obtained thus far regarding the positive relation between Public-Private Partnerships (PPPs) and Project Finance (PF) suggest a need for more detailed analysis of the infrastructure financing process [5,6,7,8,9,10].



Since the PPPs and PF approaches are the most essential tools for developing new infrastructure systems [11,12] and there is a recognized need to incorporate sustainability considerations in infrastructure projects delivered PPPs [13], there is an opportunity for using eco-innovative financing strategies, which involves economic, environmental, and social sustainability issues.



In this way, incorporating sustainable financing mechanisms will allow increasing eco-innovative strategies that boost both the Sustainable Development Goals (SDGs) and investment infrastructure goals [2]. These kinds of strategies are characterized by including social, economic, and environmental issues in the financing process. Thus, the research trends in this topic may enable researchers and practitioners to emphasize detailed issues on how PPPs might operate to achieve the SDGs [14].



The development of infrastructure systems requires not only the inclusion of the private sector, the mobilization of financial resources and the development of capital markets, but also the use of financing eco-innovative mechanisms. Given that, this kind of financing mechanism should have a pivotal role in transforming how infrastructure is financed. It allows leading to a reorientation of the investment-financing process towards market mechanisms that promote sustainable development that account for environmental, social, and economic variables in the financing process. As a result, efforts to close the coverage gap by means of developing sustainable infrastructure systems (SIS) should seek to transform how infrastructure is financed. It allows leading to a reorientation of the investment-financing process towards market mechanisms that promote sustainable development.



Additionally, as financial investment decision-makers are increasingly incorporating sustainability criteria, the relatively new concept of sustainable finance, which can be categorized under the umbrella of eco-innovation, is progressively becoming more important in the financing process [15]. The idea of conceptualizing and deepening the relationship between sustainability and finance is also supported by Schumpeter [16]; who argues that finance is vital for technological innovation and economic development.



Thus, in order to establish a stronger relationship between sustainability and finance focused on infrastructure systems, this research also seeks to explain the principles of financing eco-innovative in response to the growing interest of the scientific and business world in this emerging field [17]. However, despite the rapid development of research on these topics and their applications, the knowledge on this intersection is still at a nascent stage. Therefore, it is necessary to encourage research in this field. It provides opportunities for research on the main elements of financing SIS. Therefore, a deeper effort to examine key points of financing eco-innovative in the SIS context is also required.



The realm of the research is infrastructure financing [18]. This area aims at developing scientific proposals leading to practical solutions for the infrastructure industry. In this way, this work draws on both management and engineering sciences with a significant concentration in the infrastructure systems management. Thus, this research has been conducted under the assumption that, due to the increasing development of both social and economic infrastructure systems, it is vital to develop eco-innovative financing schemes that allow for operational viability, an equitable distribution of risks, and greater benefits for stakeholders [11] through sustainable financing schemes. In this regard, Wang et al. [19] reported that construction companies that make emphasis on social items establish a good reputation between internal and external stakeholders. For this reason, construction managers should consider social, as well as economic and environmental items [20].



This study aims at proposing a theoretical framework based on mezzanine-type debt for financing SIS. Mezzanine-type primarily involves debt, but also some equity capital features that occupy an intermediate position between senior debt and common equity shares. For this reason, mezzanine debt is also called quasi-equity [21]. Although mezzanine-type is used in other forms of structured finance, it has not been widely used in PF [10]. This contribution identifies the theoretical foundations of financial eco-innovations, and the relation between PPPs and PF is also analyzed. This study is based on the hypothesis that, there are not any elements that determine the existence of some kind of Triple Bottom-Line (TBL) element subordination in the structuring of financing, particularly when paying debt service or transforming debt into shares.



The proposed framework is intended to bring a new insight on how to close the gap between the development of SIS and financing sources. In this way, this study contributes to expanding the existing knowledge and expanding funding knowledge frontiers for SIS by means of PPPs and PF.



Also, in order to establish a stronger relationship between sustainability and finance, this study seeks to explain how to develop the principles of eco-innovative financing in response to the growing interest of the scientific and business world in this emerging field [17]. Consequently, the present study will also improve the understandings of the relationship between sustainability and finance [22,23]. The central limitation of this research is that the framework proposed has not empirically been tested yet. In this case, future research will seek to validate the framework proposed through case studies. In addition, this paper presents potential future research topics derived from the analysis. Thus, this theoretical paper deals with financial eco-innovation as a mechanism for boosting the development of SIS.



In our analysis, an exploratory-type methodology based on a post-positivist approach for describing the financial eco-innovation in the sustainable infrastructure context is used and consequently, the essential framework’s theory is developed, as well as the characteristics and schemes for its functioning. Thus, this study addresses a comprehensive, systematic and holistic literature review covering all research papers published in leading journals in the fields related to sustainability, project management, infrastructure systems, and finance. In this way, research papers derived from the bibliographic databases ISI Web of Science (WoS) and Scopus were analyzed to conduct this study. According to Waltman [24], these databases are among the ones with the highest academic research reputation. For having concise results from the databases, combinations based on these keywords are used: Sustainable infrastructure systems, project finance, public-private partnerships, eco-innovation, mezzanine, infrastructure investment, and financial framework.



The paper is organized as follows: After this introduction, which provides a context with the main elements of the study, the theoretical background on financial eco-innovations is presented. Next, the elements of PPPs and PF schemes for developing SIS are presented. Then, the framework proposed is presented followed by the current situation and trends in infrastructure financing, as well as further research topics. Finally, the last section summarizes the conclusions.




2. Theoretical Background


In this section, we introduce the most significant contributions to financial eco-innovations, as well as the theoretical basis related to the main barriers and instruments to develop financial eco-innovations and incentives to encourage private participation. In particular, we address finance from an innovation perspective for developing SIS.



Although ongoing debates about sustainability show that an exact meaning of the concept remains ambiguous [13] and that there is not a common agreement on the definition of SIS [25], a holistic definition of the latter, linking the SDGs to the financial attractiveness for investors states that “an infrastructure that integrates environmental, social and governance aspects into a project’s planning, building and operating phases while ensuring resilience in the face of climate change or shocks is capable of making the difference: [I]t improves the attractiveness of infrastructure investments by mitigating risks, creating tangible benefits and opportunities as well as reducing emissions and climate risks” [26] (p. 4).



According to several authors, financial innovation emerged to complement traditional financing structures that had already become insufficient to meet the growing need to maintain and restore infrastructure and close the financing gap [18,27]. Furthermore, those authors note that sustainable financial innovations are based on the analysis of policies and the integration of various participants. They argue that the financing process includes various activities, including interactions among governments, local agencies, and public-private sectors. Similarly, innovative financing (such as securitization, one of the most commonly applied innovations in the 1980s), has been intended to expand the supply of financial instruments to complement traditional sources and meet existing needs [28]. It also provides mechanisms to capitalize projects when traditional sources are unavailable because of high investment risk [29].



An innovative financing instrument is characterized by introducing or improving a product that allows for the creation of new markets and, therefore, attracts new entrants [30]. Besides, financial innovations are defined as any development, combination or modification of financial instruments or any element of the financial system (institution, regulation, or market) [29].



Thus, mechanisms such as PPPs, credit enhancement tools and fixed-income financing instruments (such as bonds) have emerged to complement traditional approaches, such as leaseback, expected revenues and availability-based payment mechanisms [27]. Other approaches categorized as green financial products include eco-leases, climate mortgages, and green lending [6,31,32].



From an economic-financial perspective, the role of innovation is one of the main areas of study for researchers from various disciplines. Nevertheless, theoretical and methodological approaches to understanding eco-innovations remain limited [33], and discussions on these topics are based on the neoclassical tradition, namely, on environmental economics, innovation economics, and ecological economics [17].



Although the definition of eco-innovation has been widely discussed in various disciplines, there is no common definition of the concept in the literature [34,35]. At present, due to the multidisciplinary nature of the term, which has led to the use of different terminologies for the same approach or subject [6], eco-innovation is used as a synonym for “green innovation”, “sustainable innovation” and “environmental innovation” [35,36]. Table 1 provides the most prominent definitions of these concepts in the literature share elements related to eco-innovative financing.



In one of the more explicit definition Rennings [37] emphasizes that eco-innovation can be present at a technological, organizational, social, or institutional level in companies or non-profit organizations. Given its interdisciplinary approach, it can be located between economic innovation and environmental economics. However, according to some ethical and responsible investment theorists [42,43] sustainable investments (which involve financial eco-innovations) make it possible to broaden the population of investors beyond traditional investors, who only consider financial criteria in making investment decisions, to include socially responsible investors, who also consider non-financial criteria.



Thus, the availability of sustainable investments will demand inclusion and, therefore, development of socially responsible financial products [23]. This is highlighted by Linnenluecke et al. [44], who note that investments with an environmental component are becoming a trend in empirical research. In response to this, and with the aim of validating the “it pays to be green” hypothesis, a growing empirical literature has demonstrated (using econometric techniques) that strong environmental results are associated with better financial performance [45].



This finding is echoed in an in-depth study that reports that eco-innovative companies generally have higher Returns on Assets (ROA) and Returns on Equity (ROE) [23]. These findings also indicated that the ability to innovate in the financial field is relevant for the development of eco-innovations, as it broadens understandings of the implications of financial performance resulting from innovation. The larger a company is, the greater the extent to which the application and development of eco-innovations can reduce its environmental impact while satisfying interest groups [35]. Furthermore, the implementation of green practices by companies can satisfy and maintain financial support from interest groups [46].



In this regard, some authors [47,48,49] argue that it is necessary to change traditional shareholders’ maximization of sustainable value creation as the only viable way forward; likewise, these authors notably described sustainable and financial investment. They found no differences between the two aspects and that both investment types should create social, economic and environmental value. Thus, there has been a call for an adjustment in the traditional financial valuation framework based on the TBL criteria [48]. A call for attracting green resources requires the development of funding mechanisms that expose investors to sustainable infrastructure assets [50]. According to Martens and Carvalho [49] (2016), the most widely applied concept related to sustainable development is known as the TBL, developed by Elkington [51]. It integrates the economic, environmental and social dimensions. The TBL concept suggests that organizations should devote attention not only to their financial behavior, but also to the social and environmental benefits that can be obtained from a project [49]. Thus, when the TBL is used, the economic, social and environmental aspects of a project will be better integrated [49]. Based on the above, it is no longer true that investment decisions are based only on financial returns; instead, they are also based on a combination of economic, social, and environmental issues [52]. Thus, “the efficient placement and management of assets entails the development of investment and financing models that ensure the optimal allocation of funds for achieving the desired social impact while ensuring capital preservation and investors’ financial return” [53] (p. 812). Also, investors are expected to capture not only financial value, but also a wide of intangible assets and institutional benefits [54].



Regarding PF schemes, it cannot be guaranteed that the use of these ensures that a project will raise the financial resources for its development [9]. Also, such schemes may not have either operation profitability (measured by the ROA) or equity profitability (measured by ROE). Anyhow, wise investors seek a higher ROE than ROA. Table 2 shows the main contributions on this topic.



From the perspective of generating new business models, the development of SIS offers a relevant setting for conducting new research that interrelates infrastructure, sustainability and finance seeking to close the coverage gap through business models that generate lower environmental impacts (and greater social and economic benefits than do traditional models) [34]. Therefore, the development of new business models and the appearance of green capital sources are considered the most important reasons for companies to turn toward eco-friendly investments [55].



Thus, sustainable innovation can be understood as a process that includes environmental, social, and financial sustainability factors and integrates them into the business development system, generating new business models and forms of organisation. Thus, there is a demand for business models that link value creation with social and ecological consciousness in a balanced way [49].



The importance of innovation in the financing context is based on it enables numerous cities that face difficulties in obtaining financial resources to find options that will facilitate the development of projects that incorporate attractive climatic objectives for investors. In this respect, development banks play a critical role as fund providers to overcome existing monetary barriers [59].



Thus, the development of financial mechanisms represents a means of alleviating financial constraints [41], and therefore, it is important to have policies and regulatory frameworks that will address the financial gap and solve long-term financing problems [60]. Similarly, the debate on climate change and sustainable development have driven research processes to develop eco-innovations capable of reducing carbon emissions and promoting green economic growth [41], as reported [61] in the study on resilient transport infrastructure systems and sustainable economic growth. However, financial barriers, such as imperfect financial markets, scalability, the absence of financial assets and weak regulatory environments have stymied the generation and introduction of eco-innovations into the market [41,62]. Furthermore, “public funds can be used to remove barriers to early entrant investors; some specific tools include tax incentives, foreign exchange liquidity facilities, loan guarantees, and subsidies, technical infrastructure, information provision, and through fiscal tools, such as risk transfers, insurance, and equities” [3] (p. 185). Table 3 summarizes the main barriers.



Thus, further research is needed to explore how the underlying characteristics of financing processes impact the relationship between companies’ sustainable and financial performance [42], as innovation could deliver both financial (based on fiscal incentives) and environmental benefits (based on reduced carbon emissions, as well as subsidies, money transfer, loan guarantees or tax credits) for boosting the development of SIS [41,73]. Figure 1 shows the main financial incentives for boosting the development of SIS through private participation



However, although the transition to a greener economy has highlighted the importance of financial innovations, these have not been fully addressed [41]. Therefore, a funding framework that includes PPPs and PF schemes is crucial in the transition toward the development of eco-innovations [41,74,75]. Therefore, based on this review, it is unclear if the literature includes criteria to determine the existence of any relative subordination of economic, social, or environmental sustainability elements in the structure of financing schemes, particularly on paying debt service or transforming debt into equity shares. Thus, the use of innovative financial instruments that articulate such variables will allow for the expansion of the investment in SIS influencing positively the coverage gap and sustainable development.



In this way, some researchers [41,62,76,77] also indicate that not only a vast sphere of financial mechanisms could boost the development of SIS, but also that innovative financial sources for transforming the industry are required. In this way, financial mechanisms should include new models to encourage non-traditional investors by increasing incentives and creating specific markets for SIS. Thus, innovative sources of financing for infrastructure are an important area of research [78]. Regarding the financial mechanisms used for developing SIS, these could be classified into different categories by sectors as Table 4 shows.




3. Public-Private Partnerships and Project Finance to Develop Sustainable Infrastructure Systems Results


Given that there is a recognized need to incorporate sustainability considerations in infrastructure systems [13], PPPs has become an important tool to develop sustainable and resilient infrastructure that leading to achieving 17 SDGs [3]. In order to achieve them, particularly the six (clean water and sanitation), nine (industry, innovation, and infrastructure), 11 (sustainable cities and communities), and 12 (responsible consumption and production) goals, public-private investment is necessary at all levels and in all sectors, mainly to develop social infrastructure, where the most significant gaps in coverage exist [80].



Based on an analysis of the policy fields of the implemented and empirically assessed PPPs, it is revealed that they can be attributed to sustainable development in relation to the SDGs [81] and in turn, financial sustainability of PPPs contributes to an improved (cost-) efficiency of public service delivery [82,83]. Thus, infrastructure systems that incorporate sustainability elements in regions with insufficient development should be implemented through PPPs [80,84].



For this, “sustainability considerations could play a significant role in all PPPs phases; even before the final decision is made to initiate an infrastructure project and procure it via PPPs, important choices will be made that affect sustainability” [13] (p. 1189). Thus, financial sustainability of PPPs can be considered important in the context under investigation [81].



The participation of the private sector through PPPs in the development of infrastructure systems is motivated by the need to improve the functioning and coverage of goods and services. Given the scarcity of public funds and restricted debt capacity, the gap between the infrastructure investments and the capacity of national budgets to fulfil this demand is widening throughout the world [85]. Thus, some countries have elected to transfer the provision of infrastructure to the private sector [86,87,88]. This action contributes to improving levels of quality and coverage, which have a substantial effect on economic growth and poverty reduction. The most widely applied concept related to sustainable development is known as the TBL [89]. It integrates the economic, environmental, and social dimensions. The TBL suggests that investors should devote attention not only to financial behavior, but also to the social and environmental benefits that can be obtained from a project.



Thus, both in economic and social infrastructure, sustainability is becoming increasingly important in the delivery of infrastructure projects, because stakeholders require both ethicality and economic efficiency during a project’s life cycle [90]. As a consequence, when the TBL is used, the economic, social and environmental aspects of a project are better integrated [49]. Thus, PPPs offer the potential to improve sustainability dimensions; such as economic, social and environmental, they represent promising instruments in this regard. Thus, socially-minded investors are increasingly searching for innovative models for allocating financial resources to relevant initiatives in ways that maximize sustainability return on investment [53]. Therefore, elements of a “strong” sustainability perspective should also be included in PPPs arrangements [13]. In accordance with this, it is expected that soon in the future, public biddings will receive particular attention regarding sustainable financing so that project developers may include them within capital structure. Therefore, it is critical to analysis how PPPs could accomplish sustainability-related objectives [81].



Regarding the project management field, some authors discuss the importance of incorporating these sustainability dimensions into the practice of project management, this concern increasingly receives attention not only in procurement and PPPs literature, but also in the field of project management [13,49]. In this way, the intersection of project management and sustainability has been attracting attention from scholars and practitioners [91]. It has generated that sustainability is considered as a new school of thought in the project management area [92]. However, the contribution of PPPs to sustainability-related objectives is far from clear and it is rarely addressed in management research on PPPs [81,93].



According to Pinz et al. [81], there are two approaches to evaluating whether PPPs contribute to the achievement of sustainability-related objectives. First, using a holistic approach, scholars argue that PPPs are promising tools only if they improve the social, environmental and economic dimensions of sustainability, whereas the latter includes financial sustainability of PPPs as a, particularly important aspect. Second, according to a reductionist approach, the influence of PPPs on the accomplishment of sustainability-related objectives must be evaluated only with respect to specific sustainability dimensions.



Thus, a sound financing framework for SDGs should be based on a clear understanding of the complementary roles of public and private funding and how the two can be combined to achieve complex long-term sustainability objectives [94]. Previous work on PPPs and PF indicates also it is essential to use financial mechanisms that include public and private funds, such as PPPs based on the risk/return profile combined with grants and various other funding sources [41].



Although the first PPPs and PF guides to sustainable development were developed several years ago (in 2002), while they integrated environmental considerations into the different stages of projects [95], they did not directly include aspects related to financing. Thus, the broad field of PPPs allows for the development of complex innovations characterized by substantial uncertainty, such as eco-innovations [41]. Then, PPPs, which are innovative by nature, are fundamental for developing SIS, since they leverage private funding sources to support the provision of public utilities in order to develop a new kind of infrastructure. Additionally, PF offers real possibilities to promote sustainable development [96,97]. In this way, there is an enormous potential for linking public support and private finance to financial eco-innovations [98].



However, a common problem reported in economic research is that financing infrastructure systems have remained a secondary consideration [96]. Such aspects (for example, how to design financing structures) are among the main concerns of literature on PF [99]. Whereas the public sector has recognized the obvious relation between PF and sustainable development, useful tools to assist decision-makers in the integration and measurement of sustainability throughout project processes are insufficient [95]. Therefore, it is necessary to increase the current levels of investment by promoting improvements in infrastructure and assigning greater priority to the implementation of financing mechanisms linked to sustainable development for developing SIS [66].



In this way, given that sustainable development is one of the greatest global challenges of our time [13], sustainability issues should have a pivotal to prioritize investment in public infrastructures [100]. Consequently, PPPs are the potential vehicle for achieving sustainability goals [13]; thus, PPPs need to be boosting for achieving the SDGs [85].



According to Baietti et al. [101], the problem of low investment rates and a lack of financial mechanisms results from questions of how to mobilize or channel global funding resources toward sustainable projects. The main barrier to investor participation is that several technologies and projects are not financially attractive and, therefore, do not appeal to the private sector absent a certain level of support from the public sector. Whereas investments in traditional infrastructure systems have a well-established and organized funding framework, in contrast to sustainable infrastructure financing, which is still in early development stage.



Thus, a sound funding framework for SDGs should be based on a clear understanding of the complementary roles of public and private funding, particularly PPPs and PF schemes, and how the two can be combined to achieve complex long-term social objectives [94]. In this way, previous work on PPPs and PF indicates that, it is essential to use financial mechanisms that include public and private funds, such as PPPs based on the risk/return profile combined with grants and various other funding sources [41]. Based on this concern, the need for a new framework corresponds to a lack of research on new theories about innovations in financing strategic infrastructures and efforts to create new financing systems, as indicated in Mostafavi et al. [67]. Moreover, the scientific literature on investment and financing that addresses climate change, and therefore sustainable development, remains limited and knowledge gaps are substantial [102].



In this context, sustainability will play a strategic role in the development of infrastructure. Based on these elements, the financial framework proposed in this work, which includes the TBL’s structuring process, could be considered an eco-innovative financial mechanism because, like the Paris Agreement and the SDG, it encourages the development of SIS and the private sector’s involvement. According to this research, the literature contains no elements that determine whether there is any kind of subordination of TBL elements in the structuring of financing, particularly when paying debt service or transforming debt into shares. This allowed confirming the theoretical hypothesis raised in this study. For these reasons, sustainable innovation can be considered as a process that integrates environmental, social and financial sustainability factors into the business development system, generating new business models and business organization into in a funding framework.




4. Proposed Framework


In financing PPPs developed through PF, the scope of financial institutions is not limited to providing financial resources, and financial advising has become more important [103]. Financial institutions act as both lenders and as counsellors that provide knowledge and experience. Regarding capital structure, the debt participation represented between 65% and 90% of total investment, while the corresponding figure for typical industrial firms varied between 25% and 35% [104].



In this way, the capital structures of most PPPs developed through PF have a high degree of leverage representing debts between 90% to 70% and equity capital between 10% and 30% of total project cost [105]. Furthermore, PPPs are usually financed through a combination of capital and debt in various proportions; however, debt financing usually exceeds 70%, and sometimes, it reaches 100% [106]. The trend in financing is to incorporate mezzanine-type debt into leverage structures [9,107,108,109], which is also called mezzanine financing. It is a form of subordinated debt, because its payments are subject to payments to senior debt holders having been satisfied; this makes it riskier than senior debt, but less risky than equity invested in by sponsors.



Thus, payment is made after the senior debt and before dividends are distributed. These resources can be provided by sponsors, institutional investors, specialized funds and even multilateral agencies and although they are used in other forms of structured finance, they have not been widely used in PF [10].



Figure 2 depicts a proposal for how mezzanine-type debt could work in this context. A sustainable financial asset is structured in a way that includes elements of both subordinated debt and convertible security, and thus, it is located between these two products. Consequently, the debt-equity conversion will be subordinated to sustainability criteria and, if present, the senior debt payment.



Regarding the criteria selection for determining sustainability in infrastructure systems, several studies [25,56,110,111,112] have identified rating systems, such as Engineering Environmental Quality Assessment and Award Scheme (CEEQUAL), Infrastructure Voluntary Evaluation Sustainability Tool (INVEST), Infrastructure Sustainability (IS), EnvisionTM, GreenroadsTM, for assessing sustainability in infrastructure systems. However, there are no any commonly accepted [25,49,112].



Therefore, when an SIS is financed by means of this proposal, lenders will be able to exercise this option of debt-equity conversion when the goals and covenants related to the sustainability criteria are accomplished, which must be specified in the deal. Thus, given the characteristics of mezzanine-type, lenders could be sponsors by becoming their mezzanine-type debt into equity share only if sustainable criteria are reached as Figure 2 shows. This can also be seen at the t period shown in Figure 3. At this point, for example, goals and covenants have been accomplished and thus, lenders have become sponsors.



As a consequence, the capital structure changes; it is 100% equity shares. In this way, these would have the opportunity of capturing the corporate value created by the project. Thus, the structured debt will have the characteristics of mezzanine-type debt since that could be converted into equity shares.



This approach represents an opportunity to explore and develop structured financial products that promote the diversification of funding sources and sustainable development and thus, promote the involvement of private investors. However, migrating to new forms of financing entails challenges related to the development of capital markets and the introduction of specialized investors. Successfully completing these objectives would close the coverage gap, mitigate the effects of climate change (based on reductions in CO2 emissions) and develop capital markets [112]. Therefore, it would also be possible to create a securities market indexed to SIS.



Thus, structuring a capital market for SIS is a considerable challenge worldwide, due to the absence of a solid financing framework and the limited numbers of issuers and investors. These limitations hamper the circulation of capital and the development of investment and divestment strategies by the private sector [54,113].



In general terms, infrastructure systems have traditionally been financed by sponsors and debts, using equity capital and bank loans respectively [10,52,110] so, these have had a predictable capital structure [114] and have not been subordinated to sustainability criteria. According to this assumption, the capital structure varies deterministically so that it can be known at any moment. So, although capital structure has long been studied [111], little attention has been given to subordinated and convertible financial instruments and their impact on capital structure [115]. Figure 3 shows how the capital structure would evolve over time using the proposed framework.



As a result, the study of eco-innovative financing mechanisms will allow a better understanding of how sustainability criteria could be involved in the encouraging of private participation and therefore, in the financing process of SIS. The development of these mechanisms should be related to the TBL concept, which includes economic, environmental, and social dimensions. Hence, a sustainable financing strategy is critical for enhancing the development of infrastructure systems that will help to prevent dangerous climate changes, diseases due to poor service quality, coverage gaps and continuity in the service. Thus, developing a standard method that incorporates the TBL benefits is required [4]. The sustainable financial scheme proposed in this theoretical paper, which could be categorized as a financial instrument eco-innovator, examines how sustainability criteria could be incorporated into the financing process of infrastructure systems. Consequently, the creation of a sustainable financial mechanism and measure its impact on capital structure becomes one of the rarely explored topics in the traditional finance literature.




5. Trends and Research Topics


Research on the developments in finance related to PPPs and PF is still very limited in theory and empirical application. In order to highlight the importance of research on these subjects, academic reasons are based on the capacity to conduct research in a theoretical and business environment. The empirical evidence also indicates that there are few publications on PF, as well as corporate finance texts, including this topic. Thus, there are four different trends related to PF in the literature that allow proposing research [9]:




	(1)

	
Proposes the optimal incorporation of new projects within the investment vehicle;




	(2)

	
Conceives PF as a subset of the syndicated loan market;




	(3)

	
Addresses the relation between the use of financial contracts, business risk management, and financial decision-making; and




	(4)

	
Analyses PPPs compared to traditional public procurement mechanisms where the use of PF as a financing technique is frequently associated.









Therefore, since research on large infrastructure systems can generate an academic vision that contributes to improving the current practice, accurately identifying the effect of PF and PPPs’ efficiency in the infrastructure sector offers an essential pathway for future research [116]. Furthermore, from an academic point of view, the relation among PPPs, PF, and sustainable finance have not extensively been studied and therefore, require a theory of public-private agreements. Despite the growing international importance of PF for financing large-scale projects, there is a shortage of studies in this area [117].



As discussed above, future research on sustainable finance should involve the assessment of flexibility of making sustainable projects as a strategic tool for encouraging private investment through PPPs and PF schemes, in which the private investors and the public sector develop projects that consider sustainability, accessibility, and reliability in the provision of infrastructure services [118]. These analyses should account for the sensitivity and dynamics of available financial resources. For this proposal, the real options theory would capture aspects related to the capacity of a project that relates to sustainable financial resources. According to the research trend in PPPs, PF, and SIS, Figure 4 summarizes the main topics (assembled by categories) present in the majority of publications, and it provides relevant ideas for the design of future research programs. This figure shows the relevance of articulating (through research projects) project management, the creation of investment vehicles, the development of financing strategies and the construction of infrastructure systems in accordance with the SDGs. Therefore, the development of financial eco-innovative mechanisms leading to promote the construction of SIS and the involvement of private investors is in accordance with the knowledge frontier in PF and PPPs.




6. Conclusions


The focus of this paper was to propose a theoretical framework based on the mezzanine-type debt mechanism for developing SIS. In this, lenders have the chance of exchanging outstanding debt for equity shares if the goals related to sustainability criteria are accomplished. This allows to lenders became sponsors and thus, the project’s capital structure changes to 100% equity shares. Doing so, lenders could capture the corporate value created by the project if any. In order to do this framework, the main relations among financial eco-innovations, PPPs, and PF for developing SIS were analyzed. Besides, this will make it possible to expand the population of investors to those who consider, in addition to financial returns, other considerations based on sustainability issues.



Finally, in order to highlight the contribution, based on the necessity of developing innovative solutions and new approaches to financing infrastructure systems, in this framework, both debt and equity are combined into a mezzanine-type debt, which incorporates sustainability criteria in the debt-equity conversion process. In this way, given that there is a need for research to construct theories related to innovations in infrastructure financing as a strategic step toward the creation of new financing systems, this financial framework could be considered as a new sustainable hybrid debt mechanism. Thus, although this framework has not been empirically tested yet, it provides the basis for linking finance and sustainability. In order to go beyond this framework, further research should validate it through case studies.
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Figure 1. Main incentives to encourage private participation. 
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Figure 2. Proposal for mezzanine-type debt subordinated to sustainability criteria. 
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Figure 3. Capital structure’s evolution. 
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Figure 4. Topics and categories for PF and PPPs for further research focused on SIS. 
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Table 1. Relations between financial eco-innovation with the most definitions.
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	Author/Element
	Green Financial Innovation
	Creation of a New Market, Product, Process or Service
	Processes of Innovation towards the Sustainable Development





	[6]
	x
	x
	x



	[5]
	x
	x
	



	[37]
	x
	x
	x



	[38]
	
	x
	x



	[39]
	
	
	x



	[17]
	
	x
	x



	[40]
	
	x
	x



	[41]
	
	x
	x
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Table 2. Returns on Assets (ROA), Returns on Equity (ROE), and mezzanine-type debt contributions.
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	Description
	Authors





	Based on a theoretical example, he demonstrates that using mezzanine debt as a financing source, it is possible to improve ROE.
	[9]



	Emphasize that the consequences of better environmental performance should lead to a better forthcoming financial performance reflected in the ROA and the Operational Cash Flow, as well as in a higher value of the firm measured by Enterprise Value. Also, they demonstrated that good environmental performance reduces regulatory risks. Therefore, this affects directly corporate valuation through a lower discount rate.
	[45]



	Investors may opt for cheaper Capital Expenditures (Capex) in exchange for higher long-term Operating Expenditures (Opex). As a result, the initial higher costs required to implement sustainability practices may negatively affect the short-term Return on Investment (ROI) thereby discouraging decision makers from adopting such methods.
	[56]



	Green benefits derived from sustainable financing are incorporated in the calculation of the WACC.
	[57]



	He provided a theoretical foundation for amending the discount rates currently used for project analysis to account for the social and environmental aspects of business operations and investments.
	[58]
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Table 3. Main barriers and instruments to develop financial innovations.
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	Barrier
	Instrument
	Authors





	Associativity
	Public-Private Partnerships (PPPs) and Project Finance (PF)
	[41,63,64]



	Investment in Research and Development
	Tax credits
	[57,65]



	Institutional weakness
	Regulation
	[64]



	Capital market development
	Development of financing mechanisms. Expand the base of issuers
	[41,62,63,66,67]



	Funding sources
	Private equity funds, Angeles Investors, Banks, PF, Mezzanine,
	[41,60,63,68,69,70]



	Early entrant investors
	Tax incentives, foreign exchange liquidity facilities, loan guarantees, and subsidies, technical infrastructure and information provision, and PPPs through fiscal tools, such as risk transfers, insurance, and equities
	[3,71]



	Attracting sufficient funds
	Governmental guarantees, Loan guarantees
	[3,72]
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Table 4. Main financial mechanisms for developing Sustainable Infrastructure Systems (SIS).
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Sector




	
Taxes

	
Transportation

	
Building

	
Water/Waste

	
Energy






	
Fees and charges

	
Congestion charges

High Parking fees Occupancy Toll Lanes

	
Building permits

Property taxes

	
Tariffs and fees

	
Electricity user fees




	
Grants

	
General grants with environmental indicators, specific grants for environmental goods and services, matching grants.




	
PPPs

	
Concessions and Private Finance Initiatives (PFIs), energy performance contracts.




	
Land-based income

	
Development charges/impact fees, tax higher density building rights.




	
Loans and bonds

	
Loans and green bonds.




	
Carbon finance

	
Clean Development Mechanism/Joint Implementation, voluntary carbon offsets.








Source: Adapted from Reference [79].
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