
Citation: González-Ruiz, J.D.;

Botero-Botero, S.; Peña, A. Analysis

of the Capital Structure in

Sustainable Infrastructure Systems:

A Methodological Approach.

Sustainability 2022, 14, 12662. https://

doi.org/10.3390/su141912662

Academic Editors: Rui Alexandre

Castanho and Daniel Francois Meyer

Received: 23 August 2022

Accepted: 28 September 2022

Published: 5 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Analysis of the Capital Structure in Sustainable Infrastructure
Systems: A Methodological Approach
Juan David González-Ruiz 1,* , Sergio Botero-Botero 2 and Alejandro Peña 3

1 Grupo de Investigación en Finanzas y Sostenibilidad, Departamento de Economía,
Universidad Nacional de Colombia, Sede Medellín, Medellín 050034, Colombia

2 Departamento de Ingeniería de la Organización, Facultad de Minas, Universidad Nacional de Colombia,
Sede Medellín, Medellín 050034, Colombia

3 Grupo de Investigación en Información y Gestión, Escuela de Administración, Universidad EAFIT,
Medellín 050022, Colombia

* Correspondence: jdgonza3@unal.edu.co

Abstract: Many countries require financial mechanisms, leading to increasing coverage through sus-
tainable infrastructure systems (SISs). However, establishing such mechanisms demands innovative
approaches and analyses that contribute to the development of financial schemes by providing a new
vision for private investors and public entities promoting sustainable development and, therefore,
the creation of new eco-financial assets. To address this need, this paper proposes a methodology for
analyzing capital structure in sustainable infrastructure systems, which is validated in a case study.
Thus, a mathematical model that identifies the impact on the final capital structure according to an
investment plan and capital structures per period is developed. Additionally, this proposal integrates
a financial framework that involves sustainable financing, capital markets, and public–private sectors.
The results of the case study show that debt-service capacity was always higher than 1.0×. Hence, this
study provides a better understanding of financing processes for SISs. Additionally, this contributes
to the debate on infrastructure financing and its implications for main stakeholders.

Keywords: capital structure; infrastructure; project finance; public–private partnerships; sustainability;
sustainable financing

1. Introduction

Infrastructure systems are characterized by requiring a large amount of financial cap-
ital for their construction [1,2]. A holistic definition of infrastructure systems indicates
that they have environmental, social, and governance impacts on project stages, such as
planning, building, and operating [3]. In this way, understanding the social components is
critical for increasing resilience [4]. Additionally, they can be integrated into a combination
of two or more infrastructure systems [5]. In this context, infrastructure systems, such as
buildings, bridges, facilities, energy, transportation networks, among others, play a pivotal
role in providing vital services to mankind [5,6]. According to ref. [7], by 2030, Latin Amer-
ica and the Caribbean will need to invest USD 2,220,736 million in developing infrastructure
systems, particularly water, sanitation, energy, transportation, and telecommunications, in
order to meet the Sustainable Development Goals (SDGs). Of that total, 59% is required for
developing new infrastructure systems, while 41% for maintaining the existing assets and
replacing assets that are obsolescent [7]. According to the Inter-American Development
Bank [7], investments by countries can be grouped as follows: Central America: USD
612.8 billion; Caribbean: USD 19.6 billion; Andean: 457.9 billion; Southern Cone: USD
1130.4 billion. In this way, private and public sectors have a great opportunity to join efforts
for closing both investment gaps and reaching SDGs.

These are typically structured using project finance (PF) and public–private partner-
ships (PPPs). Regarding capital structure, the study conducted by [8] found that infras-
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tructure systems structured under PPPs are usually financed by a combination of equity
and debt in different proportions, with debt generally exceeding 70%, although sometimes
reaching 100%. Similar findings were also found by [9], who indicated that the percentage
of debt was between 65% and 90%, compared to 25% and 35% for typical companies.
Likewise, [10] indicated that the capital structures of most PPPs developed through PF
were highly leveraged, with equity financing covering between 10% and 30% of capital
expenditures (Capex) and debt between 90% and 70%. Additionally, although studies have
been conducted by analyzing infrastructure systems from a financial perspective, they
include neither sustainable nor convertible debt. These studies have mainly focused on the
optimization [11–13], financing [14–18], and analysis of risks [19–23].

Considering all the above-mentioned points, ref. [24] indicated that infrastructure
system financing is an open field for academic researchers. However, empirical studies
remain limited, despite their importance in professional and academic arenas. Thus, areas
of knowledge from different perspectives could be indicated, particularly in risks [25–28]
and capital structure [1,2,29–31], thus, further encouraging extended studies. This could
also provide insights for stakeholders in order to encourage private sector investments [32].

Given that infrastructure systems could be financed by equity and/or debt, it is
important to consider that some debt mechanisms can convert into equity shares. This is
the case in mezzanine debt [3]. Thus, given that convertible debt has a contingent claim
from lenders, this could cause capital structure to change once during a project’s life-cycle
when the outstanding debt is converted into equity shares [33]. When this happens, equity
investments would increase participation in the capital structure [3].

Thus, lenders could convert outstanding debt into equity shares based on criteria
or parameters. This study deals with the capital structure evolution when infrastructure
systems are financed with convertible financial mechanisms indexed with sustainable
criteria and exercised by an American-type option. In this scenario, capital structure could
change if goals or covenants related to sustainability are accomplished, and the option
is exercised. It is important to note that financial options are classified as American and
European. The former can be exercised at any time during the life of the option, while the
latter can only be exercised at a specific time [34]. In this case, debt must be a sustainable
financial mechanism and infrastructure systems must have sustainability impacts. In this
way, it is important to impact investors’ behavior and, thus, shift the investment industry
mindset concerning SISs. That means that higher financial returns could result from better
operation performances, lower financial costs, and an adequate financing strategy, which
should include sustainable financial resources. In this way, SISs could reduce operational
costs by focusing on efficiency [35].

In this regard, [36] argued that it is necessary to change traditional shareholders’
maximization of sustainable value creation as only the viable way forward. Likewise, [37]
provided a remarkable description of financial and sustainable investments, indicating no
difference between the two, given that both types of investments create social, financial,
and environmental value, which [38] confirmed.

Although empirical studies have mainly focused on analyzing the capital structure
of infrastructure investments [31,39–41], to the best of our knowledge, no elements in
the current literature have analyzed the capital structure evolution. Therefore, to fill this
gap, this study proposes a methodology for analyzing capital structure in sustainable
infrastructure systems. Thus, a mathematical model that identifies the impact on the
final capital structure according to investment plans and capital structures per period is
developed. Additionally, this proposal integrates a framework that involves sustainable
financing, capital markets, and public–private sectors.

The current study provides a two-fold contribution to the literature. First, the present
study allows for a better understanding of how capital structure changes, even if debt is
converted to equity shares, from a mathematical perspective. Its analysis provides critical
new evidence and insights on this topic. Second, this study integrates the main stakeholders
into a framework, allowing for a complete outline at all stages of an infrastructure system.
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In this way, this study provides a roadmap that researchers and professionals can use to
improve their understanding of how infrastructure could be financed.

The remainder of the paper is organized as follows: In Section 2, we present the
materials and methods used in this study. In Section 3, we explain the methodological
proposal. In Section 4, we apply the methodological proposal in a case study. In Section 5,
we conclude the study.

2. Materials and Methods

This research proposes an integrated framework that involves sustainable financing,
capital markets, and public–private sectors. Consequently, it presents a mathematical
model that identifies the impact on the capital structure according to investment plans
and capital structures per period. In order to apply the methodological proposal, the
wastewater treatment plant “Aguas Claras” was used as a case study. This plant is located
in the municipality of Bello, Colombia, and is managed by Aguas Nacionales. In this
way, the research was considered exploratory with a post-positivist approach, since the
object under investigation (research problem) had been little studied thus far, especially in
situations with limited information [42]. Our objective was to formulate generalizations
in the form of laws, although the scope was limited and provisional in time (but with
potential for application) [43]. In this way, the spatial delimitation was the Aguas Claras
project, and the temporality of the study had a horizon of 30 years based on Colombian
Law 1508/2012 [44].

The design and establishment of the methodological proposal considered the main
findings in developing the theoretical framework and the main difficulties of developing
SISs. These theoretical and practical findings constituted the basis of this methodological
proposal. Figure 1 shows the methodological scheme used.
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3. Methodological Proposal

The methodological approach to financing SISs was structured in steps. Figure 1 shows
a scheme that summarized, in a general way, the proposed methodology. Subsequently,
each step was systematically integrated into a sustainable financial framework. This
methodology could provide a better description of the SIS structuring process and how to
improve strategic decision making, particularly in regard to financing issues. Although
this proposal was designed for the Colombian case, it can be applied to any country or
sector, considering the application of specific tax benefits. In this way, the methodology
proposed can become a financial tool that strengthens the financing process, helping boost
the development of SISs and close the coverage gap.

3.1. Structuring Process

In Colombia, private investors can present two types of proposals to carry out projects:
(1) with public resources and (2) without public resources. The main difference between the
two is based on the public funding issue. In the first type of proposal, the private initiative
with public resources (PIPR), the amount of public financing cannot be more than 30% of
the value of the original contract. Such proposals would be conditioned on infrastructure
availability. For example, operating projects must comply with service levels and quality
standards. In the second type of proposal, the private initiative without public resources
(PIWPR), there is no public funding; therefore, projects must be financed exclusively by
operating income. Figure 2 is a flowchart showing what private investors must do to
propose an infrastructure project. According to the Colombian PPPs Law, this process takes
no more than 18 months.
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Considering that almost all financial models adopt a bottom-up approach to PPP
projects [46], this proposal used a strategy that prioritized input identification. Thus,
this proposal considered two stages in implementing infrastructure projects to present an
approach to a sustainable financial scheme that incorporates sustainability criteria into
a financial model. The first had two stages, preparation and construction; they were
unified for practical effects at the development stage. The second was the operating and
maintenance (O&M) stage. The two stages were explained as follows.

3.2. Development Stage

Intending to keep track of the capital structure’s evolution during the development
stage, which includes both the preparation and the construction stages, this work presents a
mathematical model that enables the identification of impacts on the final capital structure
based on an investment plan and capital structure per period. As shown in Table 1, this
proposal used three financial sources: equity, senior debt, and mezzanine debt.

Table 1. Capital structure evolution described as a mathematical model. Source: authors’ own.

Financial
Mechanism

Development Stage Final Capital
StructurePreparation→ x Periods Construction→ k Periods

Equity x+k
∑

i=0
(Ii.(1 + %SFi) + Si−1.Kdsi + Mi−1.Kdmi ) (1)

%Ei =
Ex+k

Ex+k+Dx+k
(4)

Debt

Senior x+k
∑

i=0
(Ii.(1 + %SFi) + Si−1.Kdsi + Mi−1.Kdmi ).%Si (2) %Di =

Dx+k
Ex+k+Dx+k

(5)
Mezzanine x+k

∑
i=0

(Ii.(1 + %SFi) + Si−1.Kdsi + Mi−1.Kdmi ).(1−%Ei −%Si) (3)

%Ei + %Di = 1 (6) Capexi = Ei + Di (7) Kdmi > Kdsi (8) Dx+k = (2) + (3) Ex+k = (1)
Total Capex

(1) + (2) + (3)

Ii—investment at period i. %Ei—% equity at period i. %Di—% debt at period i. Si—accumulated senior debt
at period i. %Si—% senior debt at period i. Kdsi—interest rate of senior debt at period i. Mi—accumulated
mezzanine debt at period i. Kdmi—interest rate of mezzanine debt at period i. Capexi—capital expenditures at
period i. SFi—sustainability factor at period i.

This proposed mathematical approach can be adjusted to any financing process, which
includes equity, senior debt, and/or mezzanine debt. The main elements were as follows,
and, based on the proposal, assumptions were raised in items four, five, and six.

1. The investment plan could be divided into two stages. The first stage (preparation)
has a duration of x periods and the second stage (construction) has a duration of
k periods. Thus, the development stage, which combines the above stages, has a
duration of x + k periods. This way, each investment can be given by Ii, where i
indicates each period and, thus,

x+k

∑
i=0

Ii = investment plan (9)

This equation enables an investment curve according to the construction plan; therefore,
it does not use the distributed cost uniformly. In addition, O&M would have a duration
of n periods and not have an investment plan. In this manner, the project’s total duration
would be given by x + k + n periods, which includes the preparation, construction, and
O&M stages. Additionally, the sustainability factor is also included in the investment plan.

2. Each period can have a different capital structure. Thus, equity investment, given by
%Ei, could be different at each period i; therefore, the total debt provided by the senior
and mezzanine debt would be the complement (1 − %Ei). As a result, Equation (6) is
mandatory. This model can be used in any scenario. For example, lenders can limit
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the sponsors’ investment strategy through guarantees, covenants, or letters of credit;
thus, project debts could be disbursed after a 100% equity investment or pari passu.
The final capital structure would be given by the participation of the total equity and
debt between the total Capex, which is shown in the “Final Capital Structure” column
in Equations (4) and (5), respectively. Another method can calculate the weighted
average between total equity and total Capex per period (Equation (10)). Similarly,
the weighted average could be used, as shown in Equation (11).

% Equity =
∑x+k

i=0 %Ei Capexi

∑x+k
i=0 Capexi

(10)

% Debt =
∑x+k

i=0 %SiCapexi + ∑x+k
i=0 (1−%Ei −%Si)Capexi

∑x+k
i=0 Capexi

(11)

3. Interest rates in senior debt (Kdsi) and mezzanine debt (Kdmi) could be different at each
period i. Therefore, according to the project’s risk and development stage duration,
it would be possible to have an interest rate arrangement per each period i. Due
to intrinsic risk, the relation between these interest rates follows Equation (8). The
average cost of debt funding, which includes both senior and mezzanine debt, could
be calculated as shown in Equation (12).

Weighted average cost o f f inancing =
∑x+k

i=0 kdsiSi + ∑x+k
i=0 kdmi Mi

∑x+k
i=0 Debti

(12)

4. Interest generated at each period i by accumulated debt, which includes senior and
mezzanine debt, must be paid according to the capital structure of each period i.

5. The investment plan, which includes both the construction contract and inflation,
would be signed by sponsors through a SPV with a construction company. The total
interest paid during the development stage can be calculated as the difference between
the total Capex and the investment plan, which are given by

x+k

∑
i=0

Capexi (13)

and Equation (9), respectively. Therefore, if the project is financed only by sponsors,
this difference must be equal to zero, and if there is debt at the development stage, the
total Capex must include the investment plan plus interest.

6. A sustainability factor (SF) is defined as an increase in the investment at each period i.
According to [47], this could be approximately 5%.

Fiscal benefits could play a pivotal role in encouraging eco-innovations in the financial
area [48]. Thus, based on the mathematical approach presented, the following consideration
was considered in the proposal. Private investors, validated by competent authorities, who
invest in improving the environment, would have the right to deduct the value of such
investments from their annual income in the appropriate tax year; this deduction cannot
be more than 20% of taxable income. Thus, since corporate income tax payments must be
paid one year later, the benefits can be considered one year after the investment.

However, given that projects only have investment expenses in the development stage,
the projects would not have either income or expenses, and, therefore, would not have
taxable income. This proposal suggests that tax benefits obtained at this stage could be
used as fiscal credit at the O&M stage. Similarly, this assumption was evaluated in the
case study. In this way, Capex invested by private investors during the development stage
for developing water and sanitation projects, particularly for improving the quality of
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wastewater discharges to rivers, could be transformed into cash benefits during the O&M
stage. Therefore, the total benefits provided by this regulation can be calculated as follows.

Fiscal crediti = (Taxable incomei)(20%) (14)

n

∑
i=x+k+1

(Taxable incomei)(20%) ≤
x+k

∑
i=1

Capexi (15)

Recently, the average involvement of equity investment and debt in Colombian water-
sector projects, with more than 5000 users, was 67% and 33%, respectively [49]. This
indicates that the water sector requires new strategies for increasing its financial resources,
especially debt instruments. Additionally, the average weighted average cost of capital
(WACC) in these projects was 12.76% [49]; this indicated that benefits could be obtained by
achieving less expensive financial resources than debt, improving corporate value.

3.3. Operating and Maintenance Stage

Having modeled the evolution of the capital structure during the development stage,
in the O&M stage, the model must incorporate the sustainable criteria into cash flows,
particularly in free cash flow, debt cash flow, and equity cash flow. This project was carried
out using financial engineering techniques as one of the main supports for PF schemes. In
addition, it was structured as a PIPR project and based on the BOT (build, operate, and
transfer) method for PPP projects. Accordingly, sponsors must create a SPV for developing
infrastructure projects, and when the concession duration is over, they must transfer the
assets (infrastructure projects) to the government. Therefore, the terminal value was not
considered in the financial valuation process. In the Colombian case, according to PPP law
1508/2012, the maximum duration is 30 years, including extensions [44].

To begin the mathematical modeling of the O&M stage, this stage was divided into
two parts: operational and financing. Figure 3, based on the cash flow waterfall, shows
the first part with the main drivers for encouraging the involvement of private investors in
the water sector, aiming at increasing regional coverage through sustainable infrastructure
projects.
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The main assumptions were presented below:

1. According to PPP law 1508/2012 [44], PIPR projects can obtain financial resources
from the Colombian Government. These resources are called “Future Funds”, and
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are conditioned by their availability, service levels, quality standards, and service
continuity. These funds may not exceed 30% of the contract’s originally agreed value
and are delivered only at the O&M stage. This scheme assumed that fee structure
subsidies given to users were not part of the “Future Funds”.

2. Private investors using legal entities would be able to take annual deductions from
their taxable income for environmental control and improvement investments. This
value cannot exceed 20% of taxable income.

3. Income tax can be established per section.

From a programming perspective, Algorithm 1 shows how the capital structure can
be calculated at the O&M stage, which can occur when the criteria are achieved; therefore,
the debt–equity conversion could be executed.

Algorithm 1. Capital Structure Programming. Source: author’s, based on Table 1.

1 Conversion Debt-Equity = False
2 For i = 1 to n − 1
3 If Criteriai = Certify and Conversion Debt-Equity = False Then
4 % Debti = (Debti −Mezzaninei)/Asseti
5 % Equityi = (Equityi + Mezzaninei)/Asseti
6 Conversion Debt-Equity = True
7 Else
8 % Debti = (Debti − Amortizationi)/Asseti
9 % Equityi = Equityi/Asseti
10 End if
11 Next i

As mentioned above, the return expected by lenders could take the form of interest,
given by the Kdm interest rate, and in the case of changing debt per equity share, dividends
or profits obtained by lenders selling their equity shares before the concession is over. In
this last scenario, creating a primary and secondary financial market for assets indexed
to infrastructure projects is mandatory. This enables private investors to have a diversi-
fied project portfolio and, therefore, manage trades of equity shares of different projects,
generating liquidity in the capital market. Accordingly, it would be possible to build a
new infrastructure by creating more eco-innovative mechanisms and developing financial
instruments to encourage sustainable infrastructure [50]. In addition, financing should be
more innovative and adapted to the SIS’s needs [51].

This work suggests that if private investors finance projects using financial mecha-
nisms indexed with sustainable criteria, the capital structure could change if goals and
covenants related to sustainability criteria are accomplished and if an American-type option
or warrant is exercised. In short, the conversion of outstanding debt per equity share would
be sub-ordinated to sustainability criteria. In this way, this condition must be included in
the deal.

This study did not intend to identify or propose a method for finding an optimal capital
structure approach in infrastructure systems. On the contrary, this proposal intended to
show how capital structure changes during the O&M stage. In this way, Figure 4 shows not
only how operational, but also financial sections can be integrated into the capital structure
when outstanding debt is transformed into equity shares.
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3.4. Proposal for Validating Debt Pay Capacity

The importance of the control and monitoring mechanisms implemented by sponsors,
lenders, and governments led to the use of indicators able to measure a project’s capacity
to pay for debt service and compliance with the infrastructure’s quality and service levels.
In practice, the primary mechanisms used by financial institutions are the debt service
coverage ratio (DSCR) and the loan life coverage ratio (LLCR) [52], which measure the
coverage of free cash flow (FCF) on debt services (interest plus repayment) during the credit
period. Figure 5 shows how the indicators explained above are related. Table 2 indicates
the DSCR and LLRC average for different sectors.

These indicators can help evaluate default situations. In this regard, [53] stated that
the PF default event occurs when specific indicators related to debt service and project
flows drop below a certain level. In project monitoring, an auditing SPV can be used to
validate compliance with fundamental indicators or conditions of projects so that financial
institutions can require the issuance of certificates [54].
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Table 2. DSCR and LLRC average for sectors. Source: Gatti [55].

Sector DSCR LLRC

Power
Merchant plants 2.00x–2.25x 2.25x–2.75x
With a tolling agreement 1.50x–1.70x 1.50x–1.80x
Regulated business 1.40x–1.45x 1.40x–1.45x

Transportation 1.35x–1.50x 1.40x–1.60x
Telecommunication 1.35x–1.50x 1.35x–1.50x
Water 1.20x–1.30x 1.30x–1.40x

A financial model’s primary objective is to test the project’s financial viability [46]. For
that reason, considering that both indicators must be higher than one, both in a graphical
way and as an extension to the DSCR and LLCR indicators, this proposal also contributed
to the construction of a new method for monitoring debt-service capacity, as shown in
Figure 6. Zone A indicates that the project does not have the debt service capacity to pay;
therefore, the operating or capital structure would have to be reconsidered. Zone B shows
that the project can service its debt during a specific calculated period; however, it would
not generate enough future FCF to pay the debt service. In Zone C, current and future debt
service payments can be conducted with the FCF. Zone C is the ideal zone for any project.
Finally, in Zone D, the project cannot service its debt during a specific period; however, the
project would generate enough future FCF to service its debt, unlike in Zone B.
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Other indicators identified in the literature and used to analyze the financial viability
of infrastructure projects included the adjusted net present value, modified internal rate of
return, self-financing capacity, equity ratio in risk [57], decoupled net present value [58],
and the project life coverage ratio [25–59].

3.5. Financing Sustainable Infrastructure Projects through Capital Markets

Promoting the implementation of innovative models, particularly in the social in-
frastructure sector (where coverage gaps are wide) would articulate the environmental
variables related to sustainable development. As a result, supporting the Colombian cap-
ital market and investing in mitigating climate change has become the most important
challenges in Latin America, particularly in Colombia.

Due to there being a historic window of opportunity to develop a sustainable financial
system [60], a complete funding framework for SISs should be based on a clear under-
standing of the complementary roles of public and private funding and how the two of
them can work together to achieve complex, long-term social objectives [61]. In this way,
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many public financial institutions work with private financing to close the viability gap for
investors in green projects [62].

As a proposal for financing SISs, Figure 7 allows for the identification, under a systemic
approach, of prominent participants in a sustainable financial framework. This proposal
was based on PPP and PF schemes, and incorporated the Colombian capital market to
raise sustainable financial recourses provided by special investors. Therefore, the primary
objective of a sustainable financial framework should be to create value by implementing
financial assets in ways that shape real wealth to support the long-term demand of a
sustainable economy [60]. Consequently, a revision of the financial regulations would
be required to remove constraints on sustainable infrastructure investments, especially
by institutional investors such as pension funds and insurers, and to create a rollover
mechanism for sustainable infrastructure assets through debt and equity markets [60].
In this way, creating a sustainable financial framework would be a great opportunity to
defeat restrictions that avoid a complete recognition of environmental and social criteria in
financial decision making.
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Additionally, the generation of new market rules leading to long-term investment can
help reduce GHG (greenhouses gas) emissions by improving quality of life. This initiative
mobilizes financial and technological resources, requiring PPP schemes that link players in
the private sector, prompting them both to develop public infrastructures and to provide
financial strategies aligned with sustainable interests.

In the Colombian case, Decree 1385/2015 allowed both pension funds and insurance
companies to finance PPP projects [63]. Additionally, with the growth of infrastructure
investments, specialized investors such as private equity funds are increasingly using
mezzanine capital as a mechanism of investment in this area [64]. However, sustainability
criteria are not completely considered in the financial decision-making process. According



Sustainability 2022, 14, 12662 12 of 21

to [27], it is important to align the design of investment plans for this kind of investor with
sustainability criteria as the essential first step.

In this framework, the sponsor must create a SPV, which is the investment vehicle. If
the sponsor is not a public utility company (PUC), the SPV must establish a contract with
one. The SPV has a BOT (build–operate–transfer) contract with the Colombian government,
which could provide it with loan guarantees. The SPV is financed by both the sponsor (cash
or in-kind) and the sustainable infrastructure market through sustainable mezzanine-type
debt. There, investors with a high credit rating, such as institutional investors, could
centralize funding requests into groups for financing SISs. A sustainable mezzanine-type
debt could be, thus, structured as proposed in this work, which aims to incorporate social,
environmental, and economic criteria into financing decisions. Thus, the project would
help attract financial resources from private investors, such as pension funds, multilateral
banks, and investment funds, dedicated to encouraging sustainable project development.

Since private investors invest to provide public utilities (a state responsibility), the
Colombian government could provide financial guarantees that would make it cheaper
than usual to raise financial resources. Although this argument could represent a good
approach at the theoretical level, it would not work at the practical level.

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 financ-
ing systems, as indicated in [65]. Moreover, the scientific literature on investment and
financing that addresses climate change and sustainable development remains limited, and
knowledge gaps are substantial [66]. In this context, sustainability plays a strategic role
in infrastructure development. Sustainability is supported by the benefits of improving
quality and coverage levels and encourages eco-friendly investments. However, devel-
oping a sustainable market project in Latin America would be a considerable challenge,
particularly in Colombia [67,68].

This type of development requires increasing current levels of investment, boosting
infrastructure improvements, and prioritizing the implementation of financing mechanisms
related to climate change and, thus, sustainable development [67]. Therefore, a financing
mechanism is fundamental to the success of an investment connecting the creation of infras-
tructure and economic development with sustainable development. Indeed, much of the
required economic development and infrastructure financing can be found in developing
countries [69]. Thus, for economic growth derived from SIS investments in Colombia,
the government, the private sector, the capital market, and the research community must
actively work together to establish and promote a new behavioral sustainable development
model.

Therefore, creating a new business model for developing SISs would provide an
opportunity to establish a market for climate derivatives. Colombia does not have an
organized market or over-the-counter (OTC) derivatives related to the environment [70].
Climate change represents a development challenge; therefore, integrating sustainability
criteria into generating infrastructure projects should begin with planning and integrating
these elements [71].

4. Case Study

To apply the methodological proposal, the wastewater treatment plant “Aguas Claras”
project was used as a case study. This project was located in the municipality of Bello,
Antioquia, and was managed by Aguas Nacionales. This was a subsidiary company of
Empresas Públicas de Medellín (EPM). EPM is one of the largest utility companies in
Colombia. It is Colombia’s largest secondary-type treatment plant. It is operated on a 45-
hectare lot in Bello, treating wastewater from both Bello and Medellín and removing more
than 80 percent of pollution. To stabilize the sludge, Aguas Claras had six bio-digesters
with a capacity of 8700 cubic meters.

This megaproject conducts the wastewater of the municipalities of Medellín and Bello
to the site; wastewater receives secondary treatment through activated sludge before being
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discharged into the Medellín River. The plant has a treatment capacity of 5 m3/s and
processes more than 70% of the wastewater for a total coverage of 95%. This percentage
should be added to the San Fernando wastewater treatment plant, which is currently in
operation. Aguas Claras is predicted to be three times larger in infrastructure and treatment
capacity than the San Fernando plant.

These facilities are expected to receive 120 tons of organic matter from the wastewater
produced daily by industries, commerce, and housing, with material exposed to biological,
chemical, and physical processes, and then returned to the Medellín River. The goal was to
cause the river to exceed the internationally accepted dissolved oxygen levels, indicating
decontamination. Thus, by reducing the organic load, the river would increase its dissolved
oxygen content to a minimum of 5 mg/L. This result would comply with the requirements
of the environmental authority, Area Metropolitana del Valle de Aburrá. The wastewater
would be transported through an interceptor 8 kilometers long and 2.4 m wide. In the
future, this project is expected to serve urban developments and recreational spaces, such
as the cities’ Christmas lighting and parks [72].

4.1. Investment Plan

The investment plan required COP 1.47 billion and was executed for six years at the
development stage, which ran from 2012 to 2017. For this project, the Inter-American
Development Bank granted a USD 450 million credit to EPM (in turn, EPM provided its
subsidiary Aguas Nacionales with the money). To financially evaluate the project and the
proposal’s implementation, the capitalized funds were the equity investments, as confirmed
by [73]. Figure 8 shows the planned investment curve. This amount represented the value
of the contract signed with the building company and accounted for inflation without the
construction interests.
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authors’ own based on data from Aguas Nacionales S.A. E.S.P. Figures in COP million.

4.2. Development Stage

To validate the mathematical modeling of the capital structure’s evolution, the follow-
ing information was considered, as shown in Table 3.
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Table 3. Input values for modeling the capital structure. Source: authors’ own. Figures in COP
million.

Item
Development Stage

2012 2013 2014 2015 2016 2017

Investment –> $1,493,000 200,000 100,000 175,335 330,000 364,000 323,665
Sustainability Factor 5% 5% 5% 5% 5% 5%
Accumulated Investment (9) 200,000 300,000 475,335 805,335 1,169,335 1,493,000

Capital Structure

% Debt Mezzanine 0.0% 16.7% 36.6% 50.6% 57.0% 60.1%
% Equity 100.0% 83.3% 63.4% 49.4% 43.0% 39.9%

Interest Rate –> kd (AE) 8.7% 7.1% 7.5% 8.4% 10.9% 9.0%
IBR (AE) 5.01% 3.39% 3.84% 4.69% 7.10% 5.30%
Spread MV 3.50% 3.50% 3.50% 3.50% 3.50% 3.50%

Assumptions:

• Planned investment curve: data based on Aguas Nacionales S.A. E.S.P.
• According to Egler and Frazao [14], the sustainability factor could be approximately

5%.
• Capital structure per period: Although the project was 100% funded by own resources,

to apply the methodological proposal based on primary information, it was considered
that in the event of acquiring debt, the capital structure per period would behave as
presented in Table 4. The debt funds would be a sustainable financial mechanism in
COP issued by the SPV.

• The interest rate: Given that the Colombian capital market (and the Latin American
one) has little experience in financing sustainable development, the last green bonds
emission interest rate (issued by Bancolombia S.A. in December 2016) was considered
as referent; it was equal to an IBR + 2.2% at seven years (the IBR is the banking
reference indicator in Colombia). This was the first time that a Latin American bank
issued this type of financial mechanism [74]. Accordingly, given the project’s duration
and characteristics, a 3.5% spread was considered.

• IBR values were obtained from the Bank of the Republic of Colombia and Bancolombia,
and projected by the authors.

• Cash flows were projected in current prices.

Table 4. Capital structure by period. Source: authors’ own.

Capex 2012 2013 2014 2015 2016 2017

Debt Mezzanine (3) 0 52,500 131,635 253,370 300,882 284,561
Equity (1) 210,000 52,500 56,415 108,587 128,950 121,955

Total Capex (7) 210,000 105,000 188,049 361,957 429,832 406,516
Accumulated

Debt Mezzanine (3) 0 52,500 184,135 437,504 738,387 1,022,948
Equity (1) 210,000 262,500 318,915 427,502 556,451 678,406

Total Capex (13) 210,000 315,000 503,049 865,006 1,294,838 1,701,354
% Debt Mezzanine (11) 0.0% 16.7% 36.6% 50.6% 57.0% 60.1%
% Equity (10) 100.0% 83.3% 63.4% 49.4% 43.0% 39.9%

Total (6) 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Interest Rate –> kd (AE) (12) 7.1% 7.4% 8.0% 9.2% 9.1%

Table 4 shows the last table’s values mathematically modeled according to the proposal
developed. The equations were developed in Table 1 and shown in parenthesis.

As mentioned above, it was important to include project funding strategies that
provided profit to both public and private parties. Therefore, special characteristics had to
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be considered in this conceptual framework. This framework included a special focus on
the relation among different cash flows, such as the free cash flow (FCF), debt cash flow
(DCF), and equity cash flow (ECF), and was mentioned several times by [75–77] because
of its importance in the financial world, especially in the areas of project investment and
firm valuation. Equation (16) and Figure 9 show the relationships among the different cash
flows and return rates. Additionally, Table 5 shows the projected cash flows as well as the
equity internal rate of returns (equity IRR). As you can see, when the fiscal benefits were
included, the equity IRR was higher.

Free Cash Flow + Tax Shield = Debt Cash Flow + Equity Cash Flow = Capital Cash Flow (16)

Sustainability 2022, 14, x FOR PEER REVIEW  15  of  21 
 

relation  among different  cash  flows,  such  as  the  free  cash  flow  (FCF), debt  cash  flow 

(DCF), and equity cash flow (ECF), and was mentioned several times by [75–77] because 

of its importance in the financial world, especially in the areas of project investment and 

firm valuation. Equation  (16) and Figure 9 show  the relationships among  the different 

cash flows and return rates. Additionally, Table 6 shows the projected cash flows as well 

as the equity internal rate of returns (equity IRR). As you can see, when the fiscal benefits 

were included, the equity IRR was higher. 

Free Cash Flow + Tax Shield = Debt Cash Flow + Equity Cash Flow = Capital Cash Flow  (16) 

 

Figure 9. Relation among the different cash flows. Source: authors’ own. 

Table 6. Projected cash flows. Source: authors’ elaboration. Figures in COP million. 

.

 

Figures 10(a) and 10(b) show the evolution of the capital structure and WACC during 

the project’s life‐cycle. 

Figure 9. Relation among the different cash flows. Source: authors’ own.
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Item/Year 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

(+) EBIT 208,631 212,327 220,666 227,953 235,895 243,791 251,650 260,197 268,739 277,547
(-) Operating Taxes 10,432 10,616 11,033 11,398 11,795 12,190 12,583 13,010 13,437

(=) NOPLAT 208,631 201,895 210,050 216,920 224,497 231,996 239,461 247,614 255,729 264,110
(+) Depreciation 26,713 26,713 26,713 26,713 26,713 26,713 26,713 26,713 26,713 26,713

(=) Gross Cash Flow 235,344 228,608 236,763 243,633 251,210 258,709 266,174 274,327 282,443 290,823
(-) Net Working

Capital 25,174 7091 1303 1119 1196 1205 1232 1221 1226 1264

(-) Capex –> $1,567,650
Free Cash Flow –> 13.10% 210,170 221,517 235,460 242,514 250,014 257,504 264,941 273,106 281,217 289,559

(-) Interest 92,889 89,792 86,696 83,600 80,503 77,407 74,311 71,215 68,118 65,022
(-) Principal 34,098 34,098 34,098 34,098 34,098 34,098 34,098 34,098 34,098 34,098
(+) Tax Shield 4644 4490 4335 4180 4025 3870 3716 3561 3406

(=) Outstanding Debt 988,850 954,751 920,653 886,555 852,457 818,358 784,260 750,162 716,063 681,965
Equity Cash Flow 15.56% 83,183 102,271 119,156 129,151 139,592 150,024 160,403 171,509 182,561 193,845

Equity IRR Project IRR Cost of Debt
Including 15.56% 13.10% 9.08%
Excluding 14.19% 11.71% 9.08%
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Figure 10a,b show the evolution of the capital structure and WACC during the project’s
life-cycle.
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The increasing development of the infrastructure requires not only the inclusion
of new actors and the mobilization of more financial resources, but also the linking of
environmental and social criteria to the structuring of projects, especially in the financing
process. Consequently, concerns about constructing sustainable infrastructure resilient to
climate change must transform how public–private sector policies are determined. Such
policies must lead to redirecting investment and financing to market mechanisms that
involve the generation of eco-innovative financial products with elements that promote
sustainable development. Figure 11 shows the proposal’s application for validating the
debt service capacity. Zone A (in red) was highlighted in order to indicate when the project
cannot pay the debt service. In any other case, the project could pay the debt service.
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5. Conclusions

The increasing development of infrastructure requires not only the inclusion of new
actors and the mobilization of more financial resources, but also the linking of environ-
mental and social criteria to the structuring of projects, especially in the financing process.
Consequently, concerns about constructing sustainable infrastructure resilient to climate
change must transform how public–private sector policies are determined. Such policies
must lead to redirecting investment and financing to market mechanisms that involve the
generation of eco-innovative financial products with elements that promote sustainable
development.

To develop an infrastructure that minimizes greenhouse gas emissions without com-
promising financial viability, specific financial mechanisms must be developed. This goal
is supported by the SDGs, which encourage research and development that contribute to
and promote sustainable development through new mechanisms and instruments [78].
Thus, Colombia is responding to the global challenge to reduce GHG emissions through
a new way of developing infrastructure that should improve coverage in regions lacking
infrastructure systems. If the world wants to achieve the SDGs, adequate infrastructure
development is part of the answer. Therefore, a standard and clear model is crucial. Such a
model would benefit project developers, lenders, and public sector institutions [47].

This research showed that factors such as financing and investment should be directly
related to financial, environmental, and social criteria, allowing decision makers to analyze
such factors holistically and obtain information about each process, particularly financing.
In addition, market-led mechanisms, such as benefits, taxes, grace periods, debt forgiveness,
duty-free machinery, and new regulations, could drive an infrastructure market based on
sustainable criteria and, thus, the creation of a primary and secondary market of stocks
and debts issued by sponsors or investment vehicles (SPVs). Such actions would allow the
expansion of investment options through the Integrated Latin American Market (MILA).
Implementing capital markets based on sustainable investments could eventually influence
other sectors, such as transportation, energy, and telecommunications.

Further research on sustainable finance should involve the flexibility assessment of
the creation of sustainable projects as a strategic tool for encouraging private investment
through PPP schemes, in which private investors and public sector development projects
consider sustainability, accessibility, and reliability in the provision of SISs. These analyses
should account for the sensitivity and dynamics of the available financial resources. For this
proposal, the real options theory would capture aspects related to a project’s capacity that
relate to sustainable financial resources. Additionally, an interesting research topic would
be analyzing cost overruns/underperformance of mega-projects, which have sustainable
impacts. For example, what could happen to a sub-ordination arrangement if a project is
over budget or revenues are less than projected? Overruns in megaprojects were widely
studied in refs. [79,80]; in this way, further research should also allow to widen the frontier
of knowledge on this issue.

As a theoretical contribution, this study developed a sustainable financial framework,
which included a mathematical model that allowed for an understanding of how capital
structure changes during a project’s life-cycle, considering a financial mechanism sub-
ordinated to sustainability criteria. This paper contributes to the project management
and infrastructure literature by exploring the main financial topics that practitioners and
academics involved in project assessment must consider when developing SISs

Finally, this proposal contributes to the state-of-the-art in SIS financing decisions. In
addition, given the need to satisfy the requirements of SDGs, the relationships between sus-
tainability, project management, and infrastructure are an emerging field for contributions
of innovative proposals that would allow the achievement of those programs’ goals. In this
regard, there is a great deal of room for a better understanding of the relationship between
financial market development and sustainable development.

Despite the contributions of this work, limitations should be acknowledged. Although
the framework was designed for the Colombian context, it could also be used in other
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countries considering the application of specific tax benefits, which was the major limitation
of this research. Additionally, in order to compare the effects and the performances of
initial investment plans with those involved in the newly proposed methodology and
model, it was not possible to obtain real data. Moreover, in Colombia, the convertible
financial mechanism market is not fully developed. Therefore, bringing this proposal to
real scenarios may take time. Consequently, this proposal may also be a further step in
advancing toward developing a sustainable financial framework of convertible mechanisms
that can be applied in a real-world context. In addition, it is worth mentioning that this
paper was derived from the Doctoral dissertation of Juan David González-Ruiz [81].
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