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EXECUTIVE SUMMARY 

 
Several countries have embraced Public-Private Partnerships (PPPs) for reducing fiscal 

pressure on governments, allowing them to leverage on private sector’s efficiencies by 

transferring finance, build, maintenance, and operation responsibilities to private partners. In 

turn, the private sector benefits from long-term financial returns, satisfying investors’ and 

lenders’ expectations. Moreover, an increasing number of governments have preferred user-

pay PPPs for transferring the sources of funding to users and, consequently, reducing public 

sector burdens. The continuity of user-pay PPPs is based on guaranteeing their sustainability, 

which can be defined as the aggregation of their economic, environmental, and social 

dimensions. This dissertation, therefore, develops a comprehensive analysis of the main 

sustainability challenges of user-pay road PPPs through five interdependent studies. In the 

first study, the evolution of the PPP body of knowledge and the relationships between its 

main components is analyzed over the last two decades. Results demonstrate that the PPP 

body of knowledge has been traditionally driven by the economic dimension of sustainability 

neglecting the social and environmental dimensions, which should be strengthened to 

counterbalance the current pitfalls in social legitimacy and environmental underperformance 

to promote the emergence of more sustainable PPPs. In the second study, the relationship 

between PPP thematic keywords and sustainability is measured through the intensity of the 

link of PPP topics with the Sustainable Developing Goals and their targets. Findings confirm 

that the intensity of these relations is heterogenous. Overall, this study reveals that 

sustainability of PPPs only can be advanced in a holistic way if its three dimensions (social, 

environmental, and economic) are properly considered. For advancing the economic 

sustainability of PPPs, the third study model the relationships among the main financial 

drivers of toll road PPPs through a System Dynamics approach to formulate the 

concessionaire’s life-cycle policies to achieve the financial sustainability of PPPs and avoid 

litigation and renegotiations that would harm the social legitimacy of PPP programs. Results 

reveal that there are two significant life-cycle measures that concessionaires should 

implement when addressing financial underperformance: early proactive improvements 

(CAPEX savings) and middle-term reactive actions (increasing debt repayment period). In 

the fourth study, the most significant challenges for achieving social legitimacy are exposed 
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based on the analysis of two national toll road PPP programs. Findings revealed three 

significant groups of challenges that must be addressed to enhance social sustainability in 

user-pay PPP programs: social involvement issues, distrust between impacted and 

responsible stakeholders, and lack of social criteria within the toll tariff policy. The analysis 

demonstrates that social value creation and the impacted stakeholders’ perception of such 

value also require more engaged forms of integrating impacted stakeholders in key making-

decision processes beyond the traditional public consultation scope. In the last study, the 

main drivers of the effectiveness of Environmental Impact Assessment in toll road PPPs are 

analyzed by embracing a fuzzy set Qualitative Comparative Analysis. The results of the 

analysis of the 28 toll road PPP projects demonstrate that three external stakeholders are 

required for multidimensional EIA effectiveness: communities, environmental consultants, 

and non-preferred proponents. Overall, this dissertation contributes to the PPP body of 

knowledge by understanding the dynamics of the social, financial, and environmental drivers 

for sustainability in toll road PPPs. By implementing a combination of qualitative and 

quantitative research strategies, this dissertation describes, understands, and addresses 

sustainability challenges of toll road PPPs. 
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CHAPTER 1 - INTRODUCTION 
 

Public-Private Partnerships (PPPs) are valuable instruments to improve the 

infrastructure sector in multiple jurisdictions worldwide (Guevara, Garvin, et al., 2020b; 

Hodge & Greve, 2007; Yescombe & Farquharson, 2018) and contribute to the sustainability 

and the achievement of multiple SDGs (Berrone et al., 2019; Thacker et al., 2019). These 

initiatives involve long-term arrangements in which the private sector assumes specific 

project-related risks and agrees to design, build, finance, operate, and maintain the asset in 

exchange for adequate financial returns (Alcaraz et al., 2018). Consequently, PPPs can 

benefit public and private parties because they facilitate project delivery, provide long-term 

operation and maintenance services, and ensure suitable compensations throughout projects’ 

lifecycle phases (Guevara et al., 2017; Schepper et al., 2014). 

 In road PPPs, the public sector establishes the revenue sources according to its fiscal 

priorities resulting in the adoption of toll roads or non-user pay PPPs (Yescombe & 

Farquharson, 2018). Traditionally, high-income countries, such as the UK, Germany, and the 

Netherlands, have preferred non-user-pay road PPPs (i.e., shadow tolls and availability 

payments), while middle- and low-income countries have embraced user-pay PPPs (i.e., toll 

road PPPs) for reducing the public sector burdens by totally or partially transferring the 

sources of funding to road users (Carpintero, 2010). However, during the last two decades, 

multiple high-income countries have embraced increasingly the procurement of toll road 

PPPs because of the exacerbation of their fiscal pressure derived from the global economic 

crises (Carpintero & Barcham, 2012). 

The long-term viability of toll road PPPs is based on guaranteeing their sustainability, 

which can be defined as the aggregation of their economic (i.e., profit), environmental (i.e., 

planet), and social (i.e., people) dimensions (Hueskes et al., 2017; Koppenjan & Enserink, 

2009; UNEP, 1998). The sustainability of toll road PPPs is even more challenging than non-

user-pay PPPs because of the implications of user payments that endanger the social support 

of these PPPs and the incidence of traffic risk on the financial equilibrium of the projects. 

From the economic perspective, toll road PPP’s sustainability relies significantly on 

addressing uncertainties across the project’s life-cycle and avoiding diminishing the private 

sector’s expected financial returns  (Damnjanovic et al., 2016; De Marco et al., 2017; Duc 
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Anh Nguyen, 2017). Uncertainties associated with debt-related conditions, construction 

expenditures, and operation costs in PPP projects can potentially threaten the private sector’s 

financial expectations and jeopardize projects’ bankability (Duc Anh Nguyen, 2017). These 

conditions are particularly relevant for toll road PPPs, as they incorporate traffic demand as 

an additional uncertainty for revenues throughout all their life-cycle (Carpintero et al., 2015; 

Flyvbjerg et al., 2007). 

From an environmental perspective, toll road PPP’s sustainability entails significant 

complex implications for the socio-economic, cultural, biological, and physical-chemical 

components of the environment (K. F. R. Liu & Lai, 2009). In this context, the magnitude of 

the likely environmental consequences of the construction and operation of toll road PPP 

projects depends on the Environmental Impact Assessment (EIA), which aims to identify and 

assess the inherent impacts of the infrastructure projects relative to the components of the 

environment (Chanchitpricha & Bond, 2013). The EIA effectiveness is crucial to achieving 

sustainable development of road PPPs, which are large-size projects that may produce 

meaningful environmental impacts during their lifecycles.  

From the social perspective, toll road PPP’s sustainability faces significant issues 

related to social benefit-enhancing and pending social concerns (Bennett and Iossa 2006; 

Rangan et al. 2006). PPPs require the enhancement of social legitimacy, which refers to the 

social appropriation and the desirability of PPPs by impacted stakeholders such as local users 

and communities (Berrone et al., 2019; Montalbán-Domingo et al., 2019). However, the 

erosion of user-pay PPPs’ social acceptance is increasingly reflected by social activism 

against these projects (Kivleniece & Quelin, 2012). User-pay PPPs' such as the Cochabamba 

Water project in Bolivia or the California State Route 91 toll road are prominent examples 

of how the loss of social legitimacy jeopardizes the success of PPPs and even can lead to 

their early termination (G. A. Hodge et al., 2010; Levitt et al., 2010).  

In this dissertation, the sustainability of toll road PPP programs is examined from two 

perspectives. First, a general perspective focused on the most relevant gaps in the PPP 

literature and the link between PPPs and sustainability. This general perspective is built based 

on a network analysis of the PPP body of knowledge to uncover its drivers and their 

relationship with sustainability. Second, a triadic perspective focused on the challenges for 

each of the dimensions of sustainability of toll road PPPs is developed for unraveling specific 
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challenges and proposing suitable mechanisms to build the road to sustainability in user-pay 

PPPs. 

1.1 BACKGROUND 

1.1.1 Sustainability 

The term sustainability has been discussed since the early 1900s but gained 

significant relevance since the 1970s as issues derived from excessive resource consumption 

and environmental pollution increased their impact (Bocchini et al., 2014). The incorporation 

of sustainability has become a top agenda for researchers and decision-makers at all levels. 

This has been evidenced worldwide in multiple reports over the last few decades (European 

Commission 2014; Executive Office of the US President 2013; The Rockefeller Foundation 

2015). This increasing attention to sustainability has resulted in boosting standards, legal 

frameworks, and recommendations derived from an intensive discussion process during the 

last three decades (Schweikert 2013). 

A significant milestone in sustainability was the introduction of the concept of 

“sustainable development” by “Our Common Future” to cover the relationship between 

environmental policies and development (Brunrdtland 1987). This report motivated the 

creation of the Earth Summit (the convention of the United Nations Conference on 

Environmental and Development) in 1992 in Rio de Janeiro (Bocchini et al. 2014). This 

summit adopted Agenda 21 to develop an effective energy policy, overcome poverty, and 

promote technological and financial cooperation between developing and developed 

countries (UNCED 1993). One last milestone was achieved before the XXI century began, 

the proclamation of specific policy goals regarding climate change in Kyoto to establish 

mandatory objectives for the limitation of specific environmental impacts (e.g., reduction of 

CO2 emissions) (UN 1998).  

Several research domains use sustainability to indicate multiple ideas within their 

fields in heterogeneous ways (Bocchini et al., 2014). As a result, the definitions and 

indicators related to sustainability vary according to the field of application. However, the 

most accepted definition of sustainability has defined this concept in broader terms as a 

model that, simultaneously, addresses present needs and future impacts (Brunrdtland 1987). 
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In relation to infrastructure projects, sustainability addresses the achievement of resilience 

based on preventing, monitoring, and controlling lifecycle impacts (Bocchini et al., 2014).   

In this context, during the last 15 years, a triadic conceptual framework to represent 

sustainability has gained preponderance (Schweikert 2015). Multiple denominations have 

been employed for describing sustainability as composed of three dimensions: triple-bottom-

line, P3 (Planet, Prosperity, and People) (Zimmerman 2005), three dimensions (Bocchini et 

al. 2014), or three-pillar model (Kastenhofer and Rammel 2005). These three dimensions of 

sustainability (i.e., social, ecological, and economic) have been recognized as a well-

established theoretical framework internationally (Bocchini et al. 2014). 

This framework establishes that sustainability can only be achieved by the 

simultaneous implementation of equitable social well-being, environmental protection, and 

economic growth (Kajikawa 2008). Therefore, society, the environment, and the economy 

shape sustainability through their complex interrelations (Rapport 2007). In general, 

sustainability only can be achieved through the reconciliation between (1) the capability of 

the environment to assimilate the stress produced by human activities and the conservation 

of limited natural resources; (2) an equitable achievement of human aspirations and needs; 

and (3) economic development (Kajikawa 2008). 

The magnitude of the social, economic, and environmental potential impacts derived 

from PPP projects constitutes a meaningful concern for decision-makers, researchers, and 

practitioners (Soria-Lara et al., 2020). PPPs projects entail significant complex implications 

for the socio-economic, cultural, biological, and physical-chemical components of the 

environment (Liu & Lai, 2009). 

1.1.2 PPPs 

In PPP projects, private firms and public agencies interact to supply assets and 

services by adopting a lifecycle perspective and project finance principles to complement 

their competencies efficiently (Yescombe and Farquharson 2018; Zhang et al. 2016). The 

public sector is benefited by implementing competitive bidding and risk transfer to 

concessionaires (Babatunde and Perera 2017). Private partners bear most of the liabilities 

derived from obtaining the financial close, building, operating, and maintaining (Hodge and 

Greve 2007). Consequently, the public sector only pays for the delivery of services when the 

specified quality standards are met (Yescombe and Farquharson 2018).  
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For the past 30 years, PPPs have been widely used for generating large-scale 

infrastructure projects because of their better Value-for-Money (VFM) performance in 

comparison to traditional procurement (Bao et al. 2018). However, PPPs involve multiple 

features affecting a wide range of stakeholders and are developed within a complex and 

changing environment. A diverse range of problems, challenges, and questions have emerged 

concerning the benefits of PPPs, resulting from the short history of PPP implementation in 

several countries, and consequently, the lack of competence and a proper framework for its 

development (Chan et al. 2010; Macario et al. 2015; Reeves 2015).  

The long-life cycle of PPP incorporates significant challenges for internal and 

external stakeholders within each of its main phases: the shaping phase, the implementation 

phase, and the operation phase. The shaping phase includes initial activities from project 

conceptualization to reaching financial closure (i.e., planning, procurement, and contracting) 

(Guevara, Garvin, et al., 2020b). The concessionaire is constituted when the shaping phase 

is about to end and it is focused on reaching a financial close from a debt provider (Guevara, 

Salazar, et al., 2020a; Salazar et al., 2021). The public sector has the leading role and is 

usually responsible for developing most of the shaping phase goals (Schepper et al., 2014). 

Traditionally, one of the most significant challenges during this phase is that social 

stakeholders are not incorporated in this phase in a meaningful way, which increases the 

likelihood of potential conflicts in future phases (Boyer et al., 2016). 

In the implementation phase, the concessionaire completes the final project designs 

and is responsible for conducting the construction (Dewulf & Garvin, 2020). In this phase, 

the public sector transfers part of its former role to the concessionaire (South et al., 2018), 

and a significant challenge emerges for social stakeholders who are increasingly affected by 

the project. Landowners located in the project area would be enforced to sell their land either 

partially or totally. If the owner disagrees with selling, an expropriation process that is 

sometimes backed by police force can be employed to force citizens to concede their property 

by law.  

The operation phase, which is the phase that lasts the longest, shows an arrangement 

where the public sector role is reduced to the supervision of the accomplishment of service 

levels. In contrast, the private sector maintains higher involvement and control (South et al., 

2018). In this last phase, the social stakeholders are significantly sensitive to variations in 
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service levels (Levitt et al., 2010). As service levels decrease, their support for the PPP 

decreases and can lead to social tension (Levitt et al., 2010). The social legitimacy of PPPs 

thus evolves from expectations regarding the promises (often too optimistic) of social 

benefits associated with the intended project made by governments in the shaping phase and 

the accomplishment of such promises (or lack thereof) by the concessionaire during the 

implementation and operation phase (Boyer, 2019). 

1.1.3 Toll Road PPPs 

Based on the payment mechanisms, there are two main alternative road PPP models, 

namely, non-user pay and user-pay PPPs. A non-user pay road PPP establishes its payment 

source in the public sector based on the operational availability of the infrastructure during 

the life-cycle (i.e., availability payments) (Yescombe & Farquharson, 2018). Conversely, a 

user-pay PPP relies on user payments (e.g., toll roads) (Grimsey & Lewis, 2004; Yescombe 

& Farquharson, 2018). The increase in fiscal pressure and public budget constraints 

worldwide has led to a growth in the toll road as the preferred type of PPPs for developing 

highways in several developing and developed economies (Carpintero et al., 2015).  

Toll road PPPs require high leverage through long-term debt financing to avoid 

excessive return rate requirements and because of their long-term life-cycle (Yescombe, 

2014). The financial structure of toll road PPPs relies on project finance principles for raising 

the required long-term debt against the project’s cash flow. Under project finance, the special 

purpose vehicle (i.e., the concessionaire) borrows the required debt based on the expected 

cash flow of the toll road. This is in contrast to conventional finance where a company 

borrows debt based on its historical cash flows, balance sheets, and income statements 

(Weber et al., 2016; Yescombe, 2014).  

Toll roads’ financial structure relies on the project’s payment sources (i.e., user 

payments and public subsidies) and funding sources (i.e., equity and debt). Consequently, a 

financial structure based on project finance principles should be able to assess the cash flows 

required for guaranteeing CAPEX, OPEX, financial repayments, and equity return at a 

concessionaire’s rate of return, under pre-established risk allocation conditions (Higham et 

al., 2017; Higuchi, 2019; Weber et al., 2016). 

Toll roads are more complex and challenging than non-usage-based payment PPPs 

because of the uncertainty associated with traffic volume and the social and economic 
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implications of user fees (Panou, 2020). Consequently, if the toll revenues are below the 

expected amount, the government should include increasing subsidies for the project, which 

affects the public sector’s fiscal pressure. Additionally, toll tariffs are significant drivers of 

PPP social legitimacy and users’ demand. Users are especially sensitive to service levels and 

the tariff policy in toll road PPPs, especially when tariff affordability is endangered according 

to users’ expectations (Panou, 2020).  

1.2. RESEARCH APPROACH 

Although the implementation of toll road PPPs has increased during the last three 

decades helping the achievement of sustainability, an inflection point can arise if persistent 

and emerging challenges of this project delivery method are not unraveled and dismantled. 

The continuity of toll road PPPs relies on identifying and balancing their economic, 

environmental, and social sustainability dimensions as well as their complex interactions 

(Hueskes et al., 2017; Koppenjan & Enserink, 2009). This dissertation provides a 

multidimensional analysis of the long-term sustainability of toll road PPPs considering 

thoroughly the economic, social, and environmental challenges in developing countries. 

 

1.2.1 Dissertation Structure and Research Questions 

The preceding context lays the foundation for the main research question in this 

dissertation: 

How do multidimensional challenges affect the economic, social, and environmental 

dimensions of sustainability for toll road PPPs? 

To answer the main research question, this research is organized around two 

perspectives following a paper-based structure including five journal papers. Perspective 1 

is focused on the analysis of the extant literature to identify the most significant drivers and 

gaps related to PPPs and sustainability. This first perspective is composed of two journal 

papers, as shown in Figure 1-1. Perspective 2 focuses on a three-dimensional analysis of the 

sustainability of PPPs supported by the analysis of real case studies. This last perspective is 

constituted by three journal papers (Figure 1-1).  
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Figure 1-1. Research structure  

 

The research structure and specific research questions are outlined below: 

1.2.1.1 Perspective 1  

Perspective 1 is focused on examining from a theoretical point of view the most 

significant drivers of PPP research and their relationship with sustainability in Chapters 2 

and 3 as follows:  

Chapter 2 (Journal Paper 1): This paper (published in the ASCE Journal of 

Construction Engineering and Management) aims to improve the understanding of the 

evolution of the PPP body of knowledge and the relationships between its main components 

over the last two decades. Therefore, a literature review was conducted for unraveling 

meaningful topics for developing the overall research topic. Content Analysis and Semantic 

Network Analysis were employed to comprehensively examine research topics, visualize 

them graphically, and obtain quantitative and qualitative metrics. This systematic review 

contributes to answering: What are the most significant gaps within the PPP body of 

knowledge?  

Chapter 3 (Journal paper 2 – accepted for publication in the IPMA Project 

Leadership and Society): The objective of this chapter is to lay an overall background for the 
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research regarding sustainability in PPPs. Based on the thematic keywords gathered in 

Chapter 2, this chapter is constituted from a Journal paper that aims to analyze PPP-related 

research topics and their relationship with the achievement of sustainability, through the 

SDGs and sustainable targets. This chapter improves the understanding of the evolution of 

sustainability within the PPP body of knowledge and the relationships between its main 

components over the last two decades. Based on the database collected in Chapter 2, this 

chapter contributes to answering: How do the most significant gaps in the PPP literature 

interact with sustainability? And what are the drivers of the sustainability of PPP 

projects? 

1.2.1.2 Perspective 2  

As a result of the first perspective, the three-dimensional approach to sustainability is 

inquired within Perspective 2 in Chapters 4, 5, and 6 as follows: 

Chapter 4 (Journal Paper 3 – Under Review in the ASCE Journal of Management 

in Engineering): This research stream is focused on the first dimension of sustainability 

(economic) and analyzes the causal relationships among the main financial drivers of toll 

road PPPs through a System Dynamics (SD) model to provide an integrated perspective of 

complex relationships between influencing financial determinants under an uncertain 

environment. Specifically, the SD model assesses identified relevant shared risks such as 

construction costs and revenue-related risks. Additionally, this study gathers the most 

relevant research topic identified in Chapter 2 (i.e., financing and economic aspects). The 

proposed SD model will contribute to answering: How can the mechanisms within the 

concessionaire’s revenues system offer suitable alternatives for achieving the economic 

sustainability of user-pay PPPs under life-cycle uncertainty?  

Chapter 5 (Journal Paper 4): This paper (published in the ASCE Journal of 

Management in Engineering) analyzes the second dimension of sustainability (social) and 

unravels significant challenges for developing social legitimacy of user-pay PPP programs 

based on the analysis of the overall legal framework, contractual clauses, and stakeholders’ 

interviews in two national toll road PPP programs. This research stream aims to identify the 

drivers of social disapproval of the whole PPP program considering meaningful financial 

drivers identified in the SD model developed in Chapter 4 (i.e., toll rates and subsidies). This 

approach contributes to answering the question: What are the challenges for achieving the 
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social legitimacy of toll road PPP programs? And how can these challenges be 

overcome? 

Chapter 6 (Journal Paper 5 – Under Review in the ASCE Journal of Management 

in Engineering): This research avenue considers the third dimension of sustainability 

(environmental) and explores the main drivers of the effectiveness of Environmental Impact 

Assessment in toll road PPPs. This research stream aims to address the pitfall exposed in 

Chapter 3, which is the criticality and the lack of accurate forecasting and assessment of 

negative impacts of infrastructure initiatives on social and natural environments. This paper 

aims to answer: What are the drivers of the effectiveness of Environmental Impact 

Assessment? And how do these drivers interact in toll road PPP projects?   

Chapter 7 details the Conclusions by discussing the research contribution and 

presents the limitations of the research. The practical and theoretical implications are outlined 

and, finally, recommendations for future research are presented. 

Overall, the five journal papers are systematically interrelated. Perspective 1 (two 

Journal papers) establishes the most significant gaps within the PPP-sustainability body of 

knowledge as a ground for the remaining research. Under this perspective, Chapter 2 (Journal 

paper 1) focuses on the most significant gaps within the PPP body of knowledge. Based on 

Chapter 2, Chapter 3 (Journal paper 2) analyzes PPP-related research topics and their 

relationship with the achievement of sustainability.  Perspective 2 (Journal papers 3, 4, and 

5) are focused on the three dimensions of sustainability identified applied to toll road PPPs.  

 

1.3 RESEARCH DESIGN 

 

Understanding the challenges that affect the economic, social, and environmental 

dimensions of sustainability of toll road PPPs lies in a socio-technical approach. 

Consequently, this dissertation embraces the logic of Critical Realism for the research design. 

Under this logic, retroduction is employed in this research to make inferences by identifying 

and postulating mechanisms that may produce events (Downward & Mearman, 2007). In this 

way, the main research question of the dissertation is answered by analyzing the mechanisms 

that produce the challenges for the sustainability of toll road PPP programs in developing 

countries by integrating qualitative and quantitative research strategies (Bryman, 2016). 

Overall, this research design allows this dissertation to describe, understand, and address the 
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sustainability challenges of toll road PPPs. An overview of the research methods adopted in 

this research is provided in Figure 1-2. 

 

Figure 1-2. Research Strategies and Methods 

Another reason to choose this research approach is due to the complexity, magnitude, 

and significant unique challenges that this kind of project entails. Specifically, toll road PPPs 

are large-scale infrastructure projects involving significant investments (more than 100 

million USD per project) and long-term life cycles (more than 20 years), which limits the 

amount of these projects in comparison with other project deliveries focused on smaller 

projects. Overall, the reduced number of cases and the complexity of these large-scale long-

term projects limit the use of pure quantitative and experimental methods. Furthermore, 

methodological challenges of qualitative approaches regarding replicability were also 

thoroughly considered in this research. 

The research method for Perspective 1 (Chapters 2 and 3) was based on Semantic 

Network Analysis (SNA), as shown in Figure 1-2. SNA allows exploring the most relevant 

gaps that are currently inherent in the PPP-sustainability body of knowledge and the 

interrelations among these gaps. A systematic literature review was conducted to gather 

secondary data from the previous research agenda in PPP sustainability to identify the most 

relevant gaps. SNA provides two distinct levels of analysis to examine PPP-related literature. 

First, SNA facilitates a graphical and structured representation of keywords (Almadhoob, 

2020). Second, the interrelations of keywords can be analyzed quantitatively through 

multiple indicators based on the centrality and density metrics (Drieger, 2013).  

Perspective 2 (Chapters 4, 5, and 6) explores the multidimensional challenges that 

affect the sustainability of toll road PPPs. In Chapter 4, a System Dynamics (SD) approach 

was adopted to unravel the concessionaire’s revenues system over the PPPs life cycle and 

demonstrate suitable alternatives for achieving the economic sustainability of toll road PPPs 

under uncertainty. SD allows for depicting the underlying structure of influencing elements 

through qualitative feedback loops. These loops are useful to improve the understanding of 
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the complex relationships between financial drivers through the PPP life cycle supported by 

a literature review. Furthermore, a stock and flow SD model incorporates quantitative 

relations between components for further simulation. To validate the system dynamics (SD) 

model, financial information was retrieved from two toll road PPP projects in India and East 

Europe to contrast with the model results. 

Chapter 5 analyzes the challenges for achieving social legitimacy of toll road PPP 

programs based on a multiple-case study. Consequently, the Colombian and Chilean toll road 

PPP programs were analyzed to reach more robustness, replicability, and generalizability of 

the results in comparison with a single case study (Yin, 2003). For analyzing the data of both 

cases, a quasi-longitudinal approach was employed by combining some of the advantages of 

longitudinal analysis with cross-sectional data without analyzing the PPP projects’ whole life 

cycle within both programs (Levitt et al., 2014). This distinction is relevant because 

developing a longitudinal approach is not possible because the whole life cycle of PPP 

projects can last more than 30 years. 

Chapter 6 explores the main drivers of the effectiveness of Environmental Impact 

Assessment in toll road PPP projects by using Qualitative Comparative Analysis (QCA), 

which is useful for unraveling relationships of causality among outcomes and configurations. 

QCA combines the variable-oriented and case-oriented approaches (Verweij, 2015b). QCA 

analyzes as many cases as required to produce generalizations from an analytic-formalized 

approach by using Boolean algebra to reduce cases into variables, which allows for 

replication (Rihoux & Lobe, 2012). Simultaneously, QCA considers individual cases as 

complex entities by considering causality from the different combinations of conditions that 

may generate the same outcome (Rihoux & Lobe, 2012). This research method has features 

of case study analysis and statistical analysis to analyze diverse conjectural causations 

(Shrestha et al., 2021). QCA also unravels the most recurrent set of variables (i.e., causal 

conditions) that results in a specific outcome (Verweij, 2015b). The use of this research 

method allows in-depth analysis and, simultaneously, generalization of build theory when 

the complex interplay between outcomes and conditions is not completely acknowledged 

(Shrestha et al., 2021).   
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CHAPTER 2 – SEMANTIC NETWORK ANALYSIS OF 

LITERATURE ON PUBLIC-PRIVATE PARTNERSHIPS1 

 
This chapter introduces the Perspective 1 of this Dissertation and aims to improve the 

understanding of the PPP body of knowledge evolution over the last two decades. Content 

Analysis and Semantic Network Analysis are employed to comprehensively examine key 

PPP research topics, visualize them graphically, and identify their roles and relationships 

based on quantitative and qualitative metrics. 

2.1 ABSTRACT 

Public-private partnerships (PPPs) have motivated diverse bibliometric analyses of 

PPP research. Nevertheless, the evolution and connections between the main topics in the 

PPP domain have not been explored. To improve the understanding of the PPP research 

agenda, this study uses Content Analysis (CA) and Semantic Network Analysis (SNA) to 

expose relationships and trends in PPP research topics over the last two decades. These 

methodologies helped researchers to move beyond analyzing thematic trends in isolation in 

order to gain insight into the interrelationships among PPP topics by using qualitative and 

quantitative tools, which is difficult to achieve with other method-logical approaches. The 

SNA metrics showed that the PPP research agenda evolved into a high-clustered network 

driven by five macro-keywords: financing and economic aspects, road infrastructure, public 

sector management, risk management, and contract management. These macro-keywords 

may enable the growth of the entire PPP research agenda, but they could also jeopardize the 

emergence of new research trends. Results show that the participation of some traditional 

PPP infrastructure types, such as power generation, rail, and tunnel has been reduced, in 

contrast to more recent types such as healthcare and, especially, airport infrastructure. 

Similarly, research focus has shifted from examining traditional PPP issues in the US and 

European Union to analyzing PPP development in Africa, Latin America, and Asia. Overall, 

 

1 Most of this work can be found in the paper “Semantic Network Analysis of Literature on 

Public-Private Partnerships” by Castelblanco, G.; Guevara, J.; Mesa, H.; Sanchez, A. (2021). 

ASCE Journal of Construction Engineering and Management. 147 (5). 

https://doi.org/10.1061/(ASCE)CO.1943-7862.0002041 

 

https://doi.org/10.1061/(ASCE)CO.1943-7862.0002041
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this study presents a more holistic understanding of the PPP body of knowledge, its evolution, 

and the interaction of its main topics. 

2.2 INTRODUCTION 

Researchers have conducted diverse bibliometric analyses on Public-Private 

Partnerships (PPPs), identifying the main research topics, authors, research methods, 

institutions, and countries where the papers have been written (Bao et al. 2018; Marsilio and 

Cappellaro 2012; Torchia et al. 2015; Zhang et al. 2016). Thanks to such investigations, 

important findings are now available to researchers worldwide; however, there is little 

evidence of comprehensive analyses of the PPP literature focused on providing cohesive and 

integrated depictions of PPP research. For instance, most PPP bibliographic studies and 

literature reviews identify financial aspects and risk management as two of the most 

influential topics in the PPP body of knowledge (Bao et al., 2018; Torchia et al., 2015; S. 

Zhang et al., 2016). However, they do so by considering such themes as specific areas in the 

PPP field without thoroughly analyzing their interrelationships with other topics (e.g., PPP 

stakeholders and PPP sustainability). Because this is a common situation (e.g., topics such as 

governance and PPP procurement are consistently analyzed in isolation) (Bao et al., 2018; S. 

Zhang et al., 2016), it is seemingly apparent that the PPP domain needs to be examined in an 

integrated way through a combination of qualitative and quantitative approaches.  

The main PPP body of knowledge needs to be analyzed by considering its main 

components and their interrelationships, which have not been thoroughly studied yet. 

Accordingly, this study aims to improve the understanding of the evolution of the body of 

knowledge in the PPP domain and the relationships between various PPP-related research 

topics over the last two decades. To accomplish this aim, this research used Content Analysis 

(CA) and Semantic Network Analysis (SNA) to comprehensively examine research topics, 

visualize them graphically, and obtain quantitative and qualitative metrics in order to develop 

an inclusive and novel analysis. In this sense, CA was chosen because it allowed researchers 

to systematically identify the main keywords associated with the PPP literature through each 

publication under study (Ke et al., 2009; Osei-kyei & Chan, 2015; Schultz et al., 2012; Siraj 

& Fayek, 2019; S. Zhang, Chan, et al., 2016). Similarly, SNA was selected because it is a 

methodological tool capable of providing information focused on how PPP keywords and 
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themes are interrelated, their main characteristics, and the evolution of the PPP body of 

knowledge (Almadhoob, 2020; Doerfel & Barnett, 1999; Drieger, 2013; Min et al., 2019; 

Schultz et al., 2012). By using CA and SNA, this study combines qualitative and quantitative 

approaches to produce an overall map of the PPP research field and conduct a comprehensive 

analysis of its structure. 

While several existing studies focused on PPP stakeholders have employed Social 

Network Analysis (De Biasio & Murray, 2017; El-adaway et al., 2016; Guevara, Salazar, et 

al., 2020; Han et al., 2018; Kereri & Harper, 2019; Lee et al., 2017; Lu et al., 2015; H. Park 

et al., 2011; South et al., 2018; Z. Wang, Zhang, et al., 2018), the use of Semantic Network 

Analysis has been uncommon in infrastructure and is non-existent for PPPs. Conversely, 

Semantic Network Analysis studies have focused on non-infrastructure topics such as 

analyzing the most common keywords (Min et al. 2019), public relations (Schultz et al. 

2012), and flash track practices (Pishdad-Bozorgi et al. 2016).  

This study uses qualitative CA to identify research topics filtered by the year, region, 

and infrastructure type studied. The keywords produced are analyzed through an SNA 

methodology to present the evolution of the body of knowledge of PPP research and the 

relationships between the main topics contained within the studied body of knowledge. Based 

on this, the authors built discrete-time networks, demonstrating the evolution of the PPP body 

of knowledge from 1998 to 2018. The main network was built and analyzed according to 

network- and node-based metrics. Finally, the most relevant keywords from the main 

network were used to build individual thematic networks to better understand the macro-

components of the PPP body of knowledge. 

2.3 POINTS OF DEPARTURE 

2.3.1 Public-Private Partnerships  

 

PPPs imply a procurement strategy within a complex contractual and relational 

governance framework. In PPP projects, private firms and public agencies interact to supply 

assets and services by adopting a lifecycle perspective and project finance principles 

(Yescombe and Farquharson 2018; Zhang et al. 2016). Thus, supplementary competencies 

and interests of both parties are gathered to provide public services more efficiently (Chan et 
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al. 2010). Traditionally, for most public-private initiatives, private partners bear most of the 

liabilities across the project’s lifecycle, beginning in the financial close phase and finishing 

in the transfer stage, where the facilities are delivered back to the public agency (G. A. Hodge 

& Greve, 2007). Thus, public clients only pay for the delivery of services when the specified 

quality standards are met (Yescombe and Farquharson 2018).  

Typically, PPPs are chosen to develop and operate in almost every sector. For the 

past 30 years, PPPs have been widely used for generating new assets because of their Value-

for-Money (VFM) performance (Bao et al. 2018). They seek to gather the benefits of 

competitive bidding and risk transfer to concessionaires (Babatunde and Perera 2017).  

A wide variety of facilities has been achieved by improving their VFM through PPPs 

compared to traditional procurement. However, PPPs involve multiple features affecting a 

wide range of stakeholders and are developed within an unreliable and uncertain 

environment. A diverse range of problems, challenges, and questions have emerged 

concerning the benefits of PPP development, resulting from the short history of PPP uses in 

several countries, and consequently, their lack of competencies (Chan et al. 2010; Macário 

et al. 2015; Reeves 2016). Therefore, several authors have studied PPP-related topics to 

understand the pitfalls of developing PPPs. This research includes topics such as the PPP 

shaping phase (Guevara et al. 2019), risk management (Carpintero et al., 2015; Castelblanco 

et al., 2020; Castelblanco & Guevara, 2020), critical success factors (Yun et al., 2015),  inter-

organizational coordination (Antillon et al., 2018), infrastructure maintenance and 

rehabilitation (Guevara et al. 2017), and project finance (Grimsey & Lewis, 2004). 

Overall, the wide heterogeneous studies linked to PPPs have motivated exhaustive 

literature reviews. These studies have analyzed PPP investigation tendencies and gaps (Bao 

et al., 2018; Cui et al., 2018; de Castro e Silva Neto et al., 2016; Torchia et al., 2015). 

Nevertheless, these publications have followed either qualitative or quantitative approaches 

without taking advantage of integrating these two perspectives. Additionally, most 

bibliographic and literature-based studies have focused on identifying topics and grouping 

them in thematic areas. This has undoubtedly been beneficial to gain insight into the multiple 

individual research areas forming part of the PPP body of knowledge. However, such 

approaches have not thoroughly examined the interrelationships among the multiple thematic 
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categories of PPP research. This paper contributes to closing such a gap by employing CA 

and SNA methodologies.  

2.3.2 Content Analysis 

 

Content Analysis is a research technique used to make replicable inferences by 

interpreting and coding text. This technique is considered an effective methodology to 

consistently assess contents (Elo & Kyngäs, 2007) and to define significant characteristics of 

documents by calculating how many times a subject is illustrated (Fellows and Liu 2008). 

This approach can be divided into qualitative and quantitative subtypes. The former is 

focused on establishing categories according to the similitudes found in the data  (Elo & 

Kyngäs, 2007). The latter generates ranking and frequencies for the classified information, 

which allows later mathematical interpretation.  

Regarding CA used as a methodology to analyze the PPP body of knowledge, Cui 

(2018) used it to find tendencies and gaps in PPP-related publications. Zhang (2016) used 

this technique to develop a critical analysis of studies related to PPP to identify the most 

common research methods, topics, and findings. Ke (2009) analyzed PPP articles to find PPP 

research trends in construction journals by counting the papers published, the writer’s 

contribution, and the research focus of their studies every year. Bao (2018) used it to examine 

the current state of PPP research and insights about gaps based on the perspective of the 

lifecycle.  

2.3.3 Semantic Network Analysis 

 

Semantic Network Analysis (SNA) refers to a methodology that uses Social Network 

Analysis to generate networks of words to study their interrelations and overall structure. In 

SNA, keywords are represented by nodes on the network, and a link exists between two 

words if any relationships and interdependencies exist between them (Motter et al. 2002; 

Pishdad-Bozorgi et al. 2016). This approach allows the relationships between essential 

keywords to be better understood. This analysis can be combined with various components 

of the CA methodology and gives features concerning both the inter-relations and the strength 

of connections between variables. This is because CA provides a specific data collection 
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protocol through which words can be collected and reviewed across the investigation 

procedures (Yearworth & White, 2013). 

SNA provides qualitative and quantitative perspectives to examine PPP-related 

literature. From a qualitative point of view, SNA facilitates a graphical and structured 

representation of a group of words obtained from applying the CA protocol (Almadhoob, 

2020). Words and interrelationships can be represented by nodes and edges, allowing 

researchers to conduct longitudinal analyses (Doerfel & Barnett, 1999). On the other hand, 

from a quantitative standpoint, the interrelationships between words can be analyzed through 

multiple indicators based on the centrality and density metrics (Drieger, 2013). This helps to 

gain insight into the way networks are structured and examine the most relevant words 

concerning the number and distribution of semantic connections, brokerage properties, and 

influence-based attributes (Almadhoob, 2020). 

2.4 RESEARCH METHODOLOGY 

 

This study uses Content Analysis and Semantic Network Analysis not only to identify 

the main research topics, methodologies, regions, and annual publications in PPP research 

but also to describe the connections and evolution of the PPP body of knowledge network 

(Drieger 2013).  This network identification procedure allows for the analysis of quantitative 

measurements to show undiscovered insights into the networks that are impossible to find 

through traditional methods.  

The approach used here is novel in that it is based on the use of SNA to analyze 

keywords rather than phrases, paragraphs, speeches, author citations, or surveys as many 

authors have done (Doerfel 1998; Doerfel and Barnett 1999; Gloor et al. 2009; Pishdad-

Bozorgi et al. 2016; Schultz et al. 2012; Yang et al. 2018). SNA and CA were integrated to 

uncover the anatomy of the PPP body of knowledge. To accomplish this, a set of keywords 

was used to aggregate the diverse variables from every revised article. This study employed 

UCINET, which is a network software that allows the development and further analysis of 

networks (Eteifa & El-adaway, 2018; Han et al., 2018; Lee et al., 2017; J. Scott, 2012). 

Keywords selected from papers were used to identify the main research topics, their 

relationships, and which keywords play a pivotal role in bridging research themes. In doing 

so, it was possible to analyze relationships among research topics and move beyond 
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identifying traditional bibliometric measurements (Andon 2016; de Castro e Silva Neto et al. 

2016; Guevara et al. 2019; Ke et al. 2010; Marsilio and Cappellaro 2012; Zhang et al. 2016). 

This study used a systematic, multi-stage method for aggregating data from multiple 

iterations into a coherent network, making it possible to create the Semantic Network. The 

advantages of this perspective over typical approaches have been proven based on meta-data 

studies and factor analysis (Hu et al. 2011).  

A six-stage approach was implemented consisting of the paper selection strategy, 

paper filtering and categorization, the coding strategy, development of the network, mapping 

SNA metrics, and analysis and validation. While the first three phases refer to CA procedures, 

the fourth and fifth stages focus on SNA processes. In general, this approach establishes a 

number of stages to frame the inquiry and present the results to facilitate further validation. 

The subsequent subsections detail these stages.  

2.4.1 Stage 1: Paper Selection Strategy 

 

The research identified studies on PPPs through an explorative and bottom-up 

approach in the Web of Science database, which is consistent with previous PPP literature 

reviews (Cui et al., 2018; Guevara, Garvin, et al., 2020; Marsilio & Cappellaro, 2011; Osei-

kyei & Chan, 2015; Song et al., 2019; Torchia et al., 2015; H. Wang, Xiong, et al., 2018). 

The articles were published between 1998 and 2018. The search keywords were PFI, 

PFI/PPP, PPP/PFI, BOT, public private partnership, privatized infrastructure, private 

infrastructure, public/ private, public private partnerships, private finance,  build operate 

transfer, privately financed, build-operate-transfer, public-private, private finance initiative, 

build/operate/transfer, toll, toll road, and P3. Research areas were engineering, public 

administration, transportation, government law, and business economics. This initial search 

identified 3,992 papers published in over 500 different academic journals. 

2.4.2 Stage 2: Paper Filtering and Categorization 

 

The quality of the articles included in the study was guaranteed by choosing journals 

within the highest impact factor journals.  Papers published in journals from quartiles Q1 and 

Q2 were analyzed, and Q3 and Q4 journals were excluded.  This selection led to removing 

2583 papers in total, 1443 from Q4, and 1140 from Q3. A total of 1409 papers remained in 
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the analysis. Despite the search filters used, some journals remained that focused on unrelated 

fields (e.g., Geophysical Research Letters, Stem Cells International, Bmc Systems). After this 

step, 843 articles were removed, and 566 remained, which is similar to the number of articles 

analyzed in other bibliographic reviews (Bao et al. 2018; Hu et al. 2011; Marsilio and 

Cappellaro 2012). Fig. 2-1 shows the complete filtering process. 

Finally, the papers were filtered to include only those on PPP infrastructure, leaving 

515 papers that were considered relevant to this study. Table S1 shows the primary 

information of the 515 papers.  

 
Figure 2-1. Interviews’ The paper filtering process used to identify related case studies. 

2.4.3 Stage 3: CA of selected papers 
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The CA procedures contributed to systematically converting keywords into network 

graphs. Thus, the 515 selected papers were examined and coded to extract the information 

necessary to construct the Semantic Networks, which were then recorded in a database.  

The keywords were selected from a comprehensive reading of the title, abstract, 

keywords reported by the authors, introduction, conclusion, and research methodology for 

each article. Any of the authors’ redundant keywords were not taken into account (e.g., PPP, 

BOT, PFI).  

To standardize the number of keywords extracted from each paper, seven keywords 

per paper were used and were categorized as follows:  

• Four keywords were related to the main topics of the article. 

• One keyword was focused on the infrastructure type.  

• One keyword was included to describe the country or region if the article was focused 

on a specific place.  

• One keyword was the year in which the paper was published.  

Following this process, the 515 articles were coded to develop a keyword network. 

2.4.4 Stage 4: Network Development 

SNA was chosen to unravel the relationship between research topics and the effects 

derived from the structural properties of networks (Wasserman & Faust, 1994). SNA 

transforms qualitative trends of relationships into mathematical equations by using matrix 

properties to compute the attributes and features of the network (Almadhoob, 2020). 

Therefore, prominent links between the most common keywords were traced to identify 

prevailing research topics and regions on a year-by-year basis and to infer which of them 

played a central role in linking research approaches. The network visualization (e.g., 

keywords matrix) and the centrality measurements were generated using UCINET. A 

complete list of the papers and variables used for developing the networks can be found in 

the Supplemental Data [Tables S1 and S2]. The steps taken to develop the semantic network 

were: 

• Identification of 3,477 total keywords.  
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• Creation of a 3,477x515 matrix that connects keywords with articles. Papers in 

columns and keywords in rows. Cells showed a value of 1 if a keyword is in the paper 

and 0 otherwise. This matrix was the input for the UCINET analysis. 

• The 3,477 keywords were filtered to merge duplicated keywords (e.g., Australia was 

repeated 20 times), reducing the number of rows to 1,875.  

• Individual keywords were combined into categories by iteratively comparing 

keywords and merging similar keywords (e.g., feasibility analysis, feasibility 

evaluation, and feasibility study) into a series of macro-keywords. As a result, the 

matrix size was reduced to 768x515. 

• The keywords were combined based on the macro-keywords or groupings used in 

several bibliometric PPP studies (Bao et al. 2018; Chan and Owusu 2017; Tang et al. 

2013; Zhang et al. 2016; Zhang 2005a; b).   

To reduce subjectivity, the authors combined the keywords through a systematic 

process by establishing the terms to combine. Therefore, in case of discrepancies, two authors 

discussed their disagreements based on previous categorizations of keywords in the literature 

to achieve consensus. These discussions helped to calibrate the analysts’ perspectives. If 

there was no agreement for a particular combination after two rounds of discussion, all four 

authors reviewed and discussed the remaining discrepancies to reach a joint agreement. Thus, 

traceability was achieved in the analytical process described. 

Classifying topics by grouping related themes were previously used by other 

researchers (Bao et al. 2018; de Castro e Silva Neto et al. 2016; Chan and Owusu 2017; Ke 

et al. 2009; Tang et al. 2013; Zhang et al. 2016; Zhang 2005a; b). These authors have also 

developed their categories and classified topics accordingly. This paper aims to create a 

reduced list of keywords based on previous categorizations when possible. 

As a result, the final general matrix size was 139x515. The semantic network matrix 

was built from the matrix shown in Table S2. UCINET software permits the semantic 

network matrix data to be multiplied by its transpose (Borgatti 2009). The result is a 

symmetric matrix in which both rows and columns represent keywords, and cells represent 

how many times the keywords were in sourced articles (Eteifa et al. 2018). This matrix allows 

the creation of graphs in UCINET. Two key centrality metrics in the Semantic Network 
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Analysis, degree and betweenness centrality, were calculated to establish the highest relevant 

keywords of the PPP body of knowledge.  

2.4.5 Stage 5: Mapping SNA Metrics  

The first step to analyze keywords was interpreting the meaning of each one of the 

metrics employed in this study. Table 2-1 depicts each one of the metrics and their meaning 

for this study. 

 

Table 2-1. SNA Metrics Interpretation. 

SNA metric 
 

Meaning in the PPP body of knowledge 

Repeated Connections      Number of papers in which two macro-keywords are together (Eteifa et al. 2018).  

Degree Centrality 
 Represents a measure of connectivity by indicating the level of importance of a 

particular node in a network (Quinn et al. 2012; Almadhoob 2020). 

Betweenness 

Centrality 

 Indicates a measure of intermediation of how much a topic controls the flow of 

information across different articles. In case such topics were removed, it could 

lead to disrupting the flow of other topics throughout the PPP body of knowledge 

(Almadhoob, 2020; Freeman & White, 1991). 

Eigenvector Centrality 

 
Indicates a relative measure of influence by considering the number of times a 

macro-keyword co-occurs with others, and the centrality of the causes to which 

it is connected, which represents the capability of topics for indirectly influencing 

others (Almadhoob, 2020; Eteifa & El-adaway, 2018; Newman, 2004).  

Density 

 The number of co-occurrences between all pairs of macro-keywords as a 

percentage of the maximum possible co-existences between all macro-keywords 

(Hanneman & Riddle, 2005) 

Clustering Coefficient 

 

Measure focused on quantifying the level to which macro-keywords are 

connected together. It is higher when specific groups of topics exhibit high levels 

of internal interconnectedness (Almadhoob, 2020; Watts & Strogatz, 1998).  

Small World Index 

 Denotes sub-networks that have connections between almost any two nodes 

within them. It is higher when the clustering coefficient and mean path length are 

maximized (Almadhoob, 2020; Neal, 2017) 

One of the most important metrics is Density. This metric represents the 

connectedness of a node. In addition, the weighted degree indicates the proportion of the 

links’ weights in the whole network. 

2.4.6 Stage 6: Analysis and Validation 

 

All identified papers were categorized yearly to establish the evolution of the PPP 

body of knowledge from 1998 to 2018. To identify the macro-keywords with the highest 

contribution to the PPP body of knowledge, the main five macro-keyword subnetworks were 

isolated from the whole network. This provided further insights into some relevant 
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components of the PPP body of knowledge. Then, the metrics made the ranking of the macro-

keywords possible, and the critical macro-keywords identified were compared with various 

references. This allows for validating the study results and showing the technique’s 

advantages in comparison to traditional approaches.  

2.5 VALIDATION 

The CA strategy for grouping the keywords and developing the networks was 

conducted through a systematic stage-by-stage approach. Readers should be aware that the 

networks developed in this study, like any model, are only a simplified version of the PPP 

body of knowledge. Consequently, readers should be aware of the limitations of generalizing 

ideas. Nevertheless, an internal validation process was developed to reach joint agreements 

about the definition of the keywords employed for this analysis.  

Therefore, this validation process pursued the following goals: 1) verify the network 

structure (i.e., ensure that when nodes A and B are connected, they are related); 2) establish 

that the networks were built from keywords in the right way, and achieve that can be 

replicated (i.e., achieve that the coding that represents the keywords is correct); and 3) verify 

that no key topics are missing and, consequently, the networks are comprehensive enough. 

The first goal was achieved by using sound sources, such as refereeing articles, and this 

selection was made through detailed processes of paper selection, filtering, and 

categorization strategies. This strategy has been widely used in several systematic literature 

review papers. The second goal was accomplished by using previous topic grouping in PPP 

(Bao et al., 2018; Chan & Owusu, 2017; de Castro e Silva Neto et al., 2016; Ke et al., 2009; 

S. Zhang, Chan, et al., 2016; X. Zhang, 2005a, 2005b). To reach the third goal, a structured 

grouping strategy was developed for the codification process. Each one of the chosen 

keywords was checked by each one of the authors, and their review was similar to the 

keywords used in previous PPP literature reviews. 

2.6 RESULTS  

2.6.1 Chronology of PPP Papers  

The authors categorized the analyzed papers to observe the evolution of PPP research 

year by year over the last two decades. Fig. 2-2 depicts the quantity of PPP articles in 
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international journals that fluctuated somewhat before reaching a peak in 2015. Further 

analysis shows that 81.4% of the papers on PPP were produced during the post-financial 

crisis period (2009-2018). Thus, the PPP body of knowledge was greatly strengthened during 

this period because PPPs are a tool to stimulate development. After a financial crisis, PPP 

projects help to revitalize the economy through private investments, boosting the 

construction industry and job creation mechanisms. 

 

 
Figure 2-2. PPP publications over time from 1998 to 2018. 

2.6.1.1 Network Evolution Over Time  

Macro-Keywords describing the 515 papers analyzed were used to build annual 

semantic networks according to the research methodology described in previous sections. 

Fig. 2-3 shows a yearly PPP body of knowledge evolution from 1998 to 2018, describing the 

number of nodes and connections for each annual network. These 21 structures allow for the 

understanding of the complex evolution of the PPP research agenda. Repeated connections 

were not represented by link weights, nor were labels included in the names of the nodes to 

avoid making the already highly dense figure unreadable. For each network, descriptive 

indices were obtained using Social Network Analysis techniques (Table 2-2).  
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Figure 2-3. Semantic networks of the PPP body of knowledge from 1998 to 2018. 
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According to Fig. 2-3 and Table 2-2, the annual semantic networks were relatively 

small in the first three years (1998-2000), which indicates that relatively few PPP-related 

articles were published. From 2001 to 2005, an increasing number of articles joined the PPP 

body of knowledge, demonstrated by the relative increase in the number of nodes and 

connections. Finally, expansive and interconnected networks were developed between 2006 

and 2018, as the number of keywords and links was consistently increasing over time.  

Between 1998 and 2018, the number of nodes increased by 1140%, and the number 

of links increased by 2527%. That is, there was an increase in the connectivity of the whole 

network at a rate higher than twice the increase in the number of topics. The network density 

that started at a value of 1 in 1998 stabilized around 0.4 between 1999 and 2004. Finally, it 

decreased to values around 0.2 from 2005 to 2018 (Table 2-2), suggesting that, over the last 

two decades, networks have become more dispersed. However, according to Table 2-2, 

annual networks exhibit small-world indexes larger than 2.0 and clustering coefficients 

consistently higher than 0.65 after 2005, indicating that macro-keywords started to be 

grouped into closely related clusters. This seeming contradiction of networks exhibiting 

properties associated with loosely connected nodes (i.e., low-density values) with attributes 

linked to highly-clustered groups of words indicates that annual keyword networks show 

patterns of relationships associated with small-world structures. 

 

Table 2-2. Number of nodes, connections, and network indexes. 

Year 

Number of 

nodes 

Number of 

connections 

Network 

Density 

Weighted Clustering 

coefficient 

Small World 

Index 

1998 5 10 1.00 1.00 1.25 

1999 11 25 0.46 0.64 1.48 

2000 11 23 0.42 0.75 1.88 

2001 23 82 0.32 0.66 1.91 

2002 22 86 0.37 0.84 1.98 

2003 20 68 0.36 0.75 1.91 

2004 14 33 0.36 0.72 1.95 

2005 25 81 0.27 0.76 2.26 

2006 36 152 0.24 0.65 2.47 
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2007 38 178 0.25 0.71 2.48 

2008 39 121 0.16 0.54 3.11 

2009 50 240 0.20 0.59 2.70 

2010 52 424 0.32 0.87 2.15 

2011 57 250 0.16 0.54 2.88 

2012 67 506 0.23 0.68 2.36 

2013 58 424 0.26 0.82 2.52 

2014 58 326 0.20 0.60 2.59 

2015 95 796 0.18 0.72 2.94 

2016 63 423 0.22 0.74 2.58 

2017 71 414 0.17 0.62 2.97 

2018 62 394 0.21 0.75 2.81 

  

On the other hand, keywords were coded to make their identification and further 

review easier. The most frequent terms are shown in Table 2-3 and are sorted by their codes. 

Table 2-4 shows that based on degree centrality values, the relative importance of macro-

keywords K23 and K59 was significant until 2005 and 2013, respectively, whereas K24, 

K100, and K110 emerged to hold core positions in the networks after 2008.  Other keywords 

(e.g., K53 and K111) actively participated in the PPP body of knowledge over the whole 

period studied. Overall, the keywords mentioned above account for the most important terms 

in respect to degree, betweenness, and eigenvector centralities, as shown in Table 2-3.  

 

Table 2-3. Most frequent macro-keywords 

ID Keyword ID Keyword ID Keyword 

K1 Accountability K43 Effectiveness K97 PPP implementation 

K6 Other Asian countries K46 
Other European 

countries 
K98 Pre-contract phase 

K9 Australia K47 Evaluation stage K100 Procurement 

K12 Capacity choice K53 
Financing and economic 

aspects 
K107 Rail infrastructure 

K13 China K55 Franchising K110 Risk management 

K15 Collaborative process K56 Ghana K111 Road infrastructure 

K18 Complexity K58 Governance K117 Social infrastructure 

K20 Concession  K59 
Public sector 

management 
K120 Spain 
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K23 Concessionaire K60 Healthcare infrastructure K121 
Stakeholder 

management 

K24 Contract management K61 Hong kong K126 System dynamics 

K25 Contract performance K65 
Infrastructure 

development 
K128 Contract termination 

K26 Coordination processes K69 PPP scheme K129 Traffic management 

K29 Costs K70 
Other Latin American 

countries 
K130 Transfer management 

K30 Country factors K71 Learning process K133 UK 

K34 Delivery systems K73 
Performance 

management 
K134 Uncertainties 

K35 Developed countries K86 Organizational attributes K135 Urban infrastructure 

K36 Developing countries K93 Policy K136 US 

K37 Stochastic  model K95 Portugal K138 Welfare 

 

Table 2-4. Top three macro-keywords for network centralities 

Rank 
Top three in degree 

centrality 

Top three in betweenness 

centrality 

Top three in eigenvector 

centrality 

1998-2018 K53 K111 K59 K53 K111 K110 K25 K111 K110 

1998 - - - - - - - - - 

1999 K53 K59 K25 K53 K25 K110 K59 K98 K110 

2000 K53 K23 - K53 K23 - K23 K24 K110 

2001 K53 K23 K65 K53 K23 K65 K53 K111 K24 

2002 K20 K110 K111 K110 K53 K111 K110 K23 K34 

2003 K133 K53 K59 K53 K133 K59 K53 K111 K47 

2004 K23 K59 K53 K23 K59 K53 - - - 

2005 K53 K110 K23 K110 K111 K53 K23 K133 K110 

2006 K53 K59 K24 K53 K133 K1 K65 K136 K29 

2007 K53 K111 K133 K53 K65 K111 K24 K53 K23 

2008 K53 K110 K24 K53 K110 K73 K53 K59 K136 

2009 K53 K111 K59 K53 K111 K24 K53 K25 K61 

2010 K53 K111 K110 K53 K111 K110 K110 K13   K117 

2011 K53 K110 K111 K53 K110 K111 K110 K65 K13 

2012 K53 K111 K110 K53 K111 K110 K59 K110 K23 

2013 K53 K24 K59 K53 K24 K59 K133 K121 K110 

2014 K53 K65 - K53 K65 K1 K65 K46 K13 

2015 K53 K110 K111 K53 K110 K111 K117 K110 K24 

2016 K53 K111 K24 K53 K111 K24 K24 K65 K110 

2017 K53 K111 K110 K53 K24 K111 K36 K35 K56 

2018 K53 K111 - K53 K110 K23 K1 K13 K110 

Most 

frequent 

keywords 

K53 

(20) 

K111 

(11) 
K59 (7) K53 (21) 

K111 

(11) 
K110 (6) K100 (6) K110 (6)   
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2.6.1.2 Main Semantic Network 

Fig. 2-4 presents the main semantic network for the PPP body of knowledge. This 

network includes all the macro-keywords obtained from the studied papers. The degree 

centrality of every node was symbolized in network graphs by considering its size and 

darkness. If a node has a large number of links, the size and color of the node become bigger 

and darker, respectively. Relationships were represented by links, which indicate that two 

keywords are related to each other by the source or by the field. When a link is repeated (i.e., 

when there are two or more repeated connections between the same words), then the line 

representing it is also darker. This allows for the identification of the preponderance of nodes 

and links in networks.  

 
Figure 2-4. Main Network 

 

Table 2-5 presents the main centrality measures for the most frequent words in the 

main semantic network. According to these results, the macro-keywords with the highest 

degree centrality values from 1998 to 2018 are K53, K59, K111, K110, and K24. In line with 

that, comparing the different centrality metrics, some differences were observed as words 

with the highest betweenness centrality values include K110, K59, and K121. In contrast, 

those with the largest eigenvector centrality results comprise keywords K69, K37, and K129. 

This clearly shows that, although there are macro-keywords that are important due to their 
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high number of connections (i.e., degree centrality), there are also some terms that are 

relevant because of their influence (i.e., betweenness centrality) and relationships with other 

important words (i.e., eigenvector centrality).  

 

Table 2-5. Top 30 keywords in the Main Network 

Rank Keyword 

Normalized 

degree 

centrality 

Keyword 

Normalized 

betweenness 

centrality 

Keyword 
Eigenvector 

centrality 

1 K53 1 K53 0.217 K25 0.778 

2 K111 0.469 K111 0.072 K111 0.77 

3 K59 0.391 K110 0.062 K100 0.624 

4 K110 0.384 K59 0.042 K69 0.336 

5 K24 0.372 K24 0.042 K37 0.328 

6 K23 0.35 K100 0.036 K129 0.327 

7 K100 0.342 K121 0.031 K24 0.293 

8 K25 0.264 K23 0.031 K97 0.237 

9 K1 0.26 K25 0.028 K53 0.228 

10 K121 0.242 K65 0.026 K20 0.214 

11 K65 0.22 K1 0.026 K71 0.194 

12 K133 0.217 K13 0.018 K138 0.184 

13 K13 0.215 K46 0.016 K61 0.177 

14 K136 0.165 K136 0.016 K128 0.171 

15 K117 0.159 K135 0.012 K12 0.153 

16 K29 0.157 K29 0.012 K134 0.148 

17 K46 0.122 K97 0.012 K26 0.147 

18 K6 0.113 K117 0.01 K120 0.143 

19 K58 0.11 K6 0.01 K126 0.136 

20 K97 0.105 K58 0.009 K95 0.135 

21 K135 0.098 K133 0.008 K130 0.123 

22 K9 0.088 K73 0.008 K29 0.12 

23 K73 0.082 K37 0.008 K43 0.102 

24 K36 0.082 K36 0.007 K55 0.096 

25 K71 0.076 K18 0.006 K70 0.094 

26 K86 0.071 K93 0.005 K35 0.093 

27 K61 0.07 K86 0.005 K18 0.089 

28 K107 0.07 K15 0.005 K36 0.089 

29 K37 0.064 K61 0.004 K30 0.084 

30 K60 0.064 K107 0.004 K47 0.083 

 

Thematic Sub-networks: the most relevant macro-keywords 
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K53, K111, K59, K110, and K24 are the five most relevant macro-keywords in the 

main network, considering the degree and betweenness centrality measures (Table 2-5), as 

well as the most frequent macro-keywords in the annual networks (Table 2-4). This means 

that these keywords are the key drivers of the whole PPP body of knowledge. Fig. 2-5 shows 

the networks that were built for each of these five macro-keywords. Repeated connections 

were reflected in the weight of lines; however, only the codes of the ten main keywords are 

included to ensure the readability of the figure. 
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Figure 2-5. Macro-keywords Semantic Networks 
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These networks allow one to understand the macro-components of the PPP body of 

knowledge by identifying the ten main macro-keywords in each one of the sub-networks and 

the main connections by link weights. 

Table 2-6 shows the density and small-world metrics for the main and the five sub-

networks. Based on this table, it is clear that such sub-networks exhibit low-density patterns 

of relationships, indicating that most keywords are unconnected. On the other hand, the sub-

networks exhibit high small-word index values, which suggests that the PPP body of 

knowledge and the main keywords within it tend to concentrate their ties in small groups. 

This is not very different from the patterns of relationships exhibited by the annual networks 

presented before and confirms that the PPP body of knowledge exhibit small-world 

characteristics.  

Table 2-6. Network Measures 

Network  Number 

of nodes 

Density 

Small 

World 

Index 

Main 139 0.523 2.369 

Contract Management  87 0.195 3.059 

Financing and economic 

aspects 128 0.238 2.948 

Public sector Management 83 0.245 2.726 

Risk Management 92 0.176 3.32 

Road Infrastructure 93 0.216 3.06 

Table 2-7 shows the macro-keywords based on various centrality measures for every 

macro-keyword network. D represents degree centrality, B symbolizes betweenness 

centrality, and E represents eigenvector centrality. The ranks of macro-keywords for each 

centrality measurement are represented numerically. There is a close likeness across the top-

ranked keywords in each network, particularly between degree and betweenness metrics. 

Otherwise, eigenvector centrality tends to exhibit many more differences concerning the 

ranked degree and betweenness centralities. According to Table 2-7, K53 was identified as 

the highest centrality keyword by betweenness and degree centrality, which highlights its 

influence on the PPP body of knowledge. The agreement between degree and betweenness 

rankings demonstrates that the main network has few keywords mostly responsible for its 

connectedness.  
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Table 2-7.  Comparison of centralities among all the networks 

   Main   Contract 

management  

  Financing and 

economic 

aspects 

  Public sector 

management 

  Risk 

management 

  Road 

infrastructure K             

Numbers Keyword D B E   D B E   D B E   D B E   D B E   D B E 

53 Financing and economic aspects 1 1 9   1 1 11   NA NA NA   1 1 -   1 1 -   1 1 - 

111 Road infrastructure 2 2 2   3 5 4   1 1 3   4 8 -   4 4 -   NA NA NA 

59 Public sector management 3 4 -   6 8 -   2 2 -   NA NA NA   3 12 -   4 9 4 

110 Risk management 4 3 -   2 3 -   3 3 -   5 10 -   NA NA NA   6 6 12 

24 Contract management 5 5 7   NA NA NA   4 5 9   6 11 -   2 2 -   3 7 2 

23 Concessionaire 6 8 -   7 6 -   5 6 -   3 3 3   5 7 -   9 12 - 

100 Procurement 7 6 3   5 7 1   6 4 2   11 - -   7 9 1   2 2 1 

25 Contract performance 8 9 1   4 4 2   7 7 1   15 - -   9 - -   5 11 - 

1 Accountability 9 11 -   12 15 -   8 11 -   2 2 1   13 - -   12 10 11 

121 Stakeholder management 10 7 -   13 9 -   10 14 -   10 9 5   - - -   8 5 3 

65 Infrastructure development 11 10 -   10 2 -   9 8 -   9 6 -   10 5 5   - - - 

133 UK 12 - -   8 14 -   11 - -   12 - 2   8 8 -   10 13 8 

13 China 13 12 -   14 10 -   12 10 14   7 7 -   6 6 4   - - 10 

136 US 14 14 -   9 11 -   13 13 -   8 4 9   14 13 -   7 4 5 

117 Social infrastructure 15 - -   - - -   - - -   14 13 4   12 11 14   - - - 

NA: NOT APPLICABLE                                               
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2.7 DISCUSSION 

Building on procedures associated with CA and SNA methodologies, this study shows 

that the PPP body of knowledge can be described through a multiplicity of interrelated macro-

keywords. Results suggest that the PPP field exhibits features associated with complex and 

self-organizing systems (i.e., low-density values, high levels of clustering, and small-world 

indexes). The analysis reveals that such characteristics did not exist two decades ago. As the 

PPP body of knowledge expanded and incorporated novel perspectives, new keywords started 

to be utilized, and novel semantic relationships began to be established. Consequently, year 

after year, the PPP keyword network evolved from a straightforward structure to a high-

clustered network driven by specific thematic areas.  

According to the network diagrams and indicators of the annual semantic networks 

presented in Fig. 2-3 and Table 2-2, it is clear that the PPP body of knowledge has evolved 

from being formed by small and fully-connected structures to being composed of a series of 

low-density annual networks exhibiting high values of clustering and small-world indicators. 

According to the network metrics, this evolution emerged between 1998 and 2005 and 

stabilized after 2010. This progressive annual development indicates that the PPP domain has 

grown and cannot be described as purely hierarchical or randomized, as PPP researchers 

attempt to explain PPP phenomena by using both traditional and novel macro-keywords and 

combinations of conventional and original methodological approaches. Consequently, 

network diagrams and indices offer empirical evidence of how the PPP body of knowledge 

continually expands in a non-linear way.   

The self-organizing and small-world properties of the annual networks mean that topics 

are continually being examined from multiple perspectives (i.e., relevance and influence) as a 

function of their network positions. This implies that macro-keywords tend to be grouped in 

clusters of topics in order to facilitate learning and understanding processes. However, despite 

being grouped in thematic clusters, this also entails that macro-keywords are not far distanced 

from one another, as the conceptual explanation of most PPP issues can be conducted by using 

words from different clusters.  

A close examination of the node-based measures presented for the annual networks in 

Table 2-4 helps to strengthen the characterization of the PPP body of knowledge. Concerning 

degree, betweenness, and eigenvector centralities, it is evident that there are many 

coincidences between the macro-keywords with the highest scores across these metrics. 

Results suggest that K24, K53, K59, K110, and K111 occupy the most prominent positions 



52 

 

for these three indicators. This denotes that the most connected terms within the PPP domain 

tend to be the same words acting as the most influential intermediaries for explaining other 

topics within the networks.   

Building on the definitions provided in Table 2-1 and the data provided in Table 2-4, 

the macro-keywords with the highest values across the three centrality metrics under 

consideration are mainly the same. This means that the PPP domain can be characterized as a 

network highly dependent and controlled by a specific number of influential topics (i.e., 

financing and economic aspects, public sector management, road infrastructure, risk 

management, and contract management). This is because the presence of keywords with high 

degree, betweenness, and eigenvector values implies that such terms exert a very high level of 

control and influence when it comes to explaining multiple themes within the PPP field. Such 

presence also means that the whole body of knowledge may be exposed to difficulties in 

analyzing some PPP issues in case the most prominent keywords (i.e., those with the highest 

values in the degree, betweenness, and eigenvector measures) are not properly considered.  

In this context, the most connected and influential macro-keywords could play a dual 

role as both inhibitors and enablers. The former refers to their potential to jeopardize the 

emergence of new research trends. The latter emphasizes their capacity to act as reference 

points for gaining a deeper understanding of either existing or new topics within the PPP body 

of knowledge. In all cases, however, it is clear that these words address the most relevant 

semantic clusters through which most of the PPP topics are explained across the network. The 

structure and role of each one of the five most prominent macro-keywords and its 

corresponding semantic cluster of relationships have been summarized in Tables 2-6 and 2-7, 

and it is discussed below.  

The first cluster refers to financing and economic aspects (i.e., K53). According to Fig. 

2-5 and Table 2-7, this PPP sub-domain has been mostly examined from a public sector 

perspective and by considering procurement- and contract-related processes in road 

infrastructure initiatives. Scholars have focused on exploring the roles played by government 

agencies in PPP development. This is confirmed by the prevalence of K111, K59, K110, and 

K24 as the keywords with the highest values for the degree, betweenness, and eigenvector 

centralities within this sub-network (Table 2-7).  

In general, the financing and economic research agenda has substantially evolved over 

the last two decades. In the pre-financial crisis decade, this agenda has been driven by general 

criteria such as risk management, efficiency, and project constraints (Bain, 2010; Ball et al., 

2000; Carrillo et al., 2008; Xiao et al., 2007). During the last decade, researchers have 
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developed financial models capable of calculating VFM indicators (Ashton et al. 2012) and 

risk management frameworks incorporating qualitative and quantitative perspectives (Albalate 

et al., 2015). In addition, researchers have analyzed the influence of bid expenses, life cycle 

costs, and discount rates over toll-based concessions and availability-based projects (Auriol & 

Picard, 2013; Bain, 2010). By doing so, most studies in this network either analyze or provide 

recommendations for implementing road PPPs, improving tendering procedures, and 

enhancing risk allocation and contract management processes (Bel & Foote, 2009). Overall, 

this trend has prompted scholars to study not only the way pre-construction decisions are made, 

but also to pay more attention to the impacts of such decisions over the construction and 

operation phases for projects located in industrialized and emerging markets (Ashton et al., 

2012; Love et al., 2017; South et al., 2018).  

The second cluster refers to road infrastructure (i.e., K111). According to Fig. 2-5 and 

Table 2-7, the analyzed papers explored economic and financing features of roads as well as 

contract- and procurement-related processes within the public-sector domain. This is reflected 

in the way road infrastructure topics are associated with keywords exhibiting the highest 

centrality values presented in Table 2-7. In this context, for instance, one of the most critical 

economic issues studied in toll road projects is the insufficient consideration of the uncertainty 

levels associated with traffic forecasts, which plays a key role in the financial success or failure 

of PPP projects (Ashuri et al., 2011).  

The road infrastructure research agenda has evolved throughout the last two decades 

from being purely based on evaluations and assessments of PPP initiatives to focusing on 

examining public-private projects and programs through more comprehensive complexity-

based perspectives. Thus, this agenda was initially driven by topics such as ex-post evaluation 

(included in K47), performance evaluation, and duration analysis (included in K25) in the pre-

financial crisis decade (A. Chen & Subprasom, 2007; Engel et al., 2001; Kwak, 2002). In 

contrast, topics such as life cycle and critical factors (included in K24), collaborative process 

(K15), complexity (K18), country factors (K30), cross-sector analysis (K32), implementation 

drivers (K38), effectiveness (K43), efficiency (K44), governance (K58), causal model (K75), 

planning (K91), sustainability (K124), and risk management (K110) have gained relevance 

during the last decade (Albalate et al., 2015; Antillon et al., 2018; Beria et al., 2015; Carpintero, 

2010, 2011; Kristoffersson et al., 2017; Lenferink et al., 2013; Macário et al., 2015; 

Rudžianskaite-Kvaraciejiene et al., 2015; Silva, 2011). This finding suggests that the road 

infrastructure agenda has evolved from a transaction-based orientation to a system-based 
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perspective, which requires a better understanding of the complexities and relations between 

components of the whole system. 

The third cluster refers to public sector management (i.e., K59), which is a high-

relevant stakeholder that is, at the same time, a partner and policymaker. According to Fig. 2-

5 and Table 2-7, this PPP sub-domain has been mostly examined from a concessionaire 

perspective and by considering accountability and economic and financing features in road 

infrastructure. Researchers have focused on exploring the roles played by government 

agencies in PPP development. This is confirmed by the prevalence of K53, K1, K23, and K111 

as the keywords with the highest values for the degree, betweenness, and eigenvector 

centralities within this sub-network (Table 2-7). Despite the prevalence of road infrastructure, 

the research agenda on health care infrastructure (K60), port infrastructure (K94), power 

infrastructure (K96), rail infrastructure (K107), social infrastructure (K117), and urban 

infrastructure (K135) has increased in the post-financial crisis decade (Acerete et al., 2015; 

Andon, 2016; C. Chen & Hubbard, 2012; Koppenjan & Enserink, 2009; Tserng et al., 2014). 

The public sector management research agenda has substantially evolved over the last 

two decades from the pre-contract phase to the construction stage, reflecting the improvement 

of the public sector skills in the procurement and operation phases. However, the public sector 

still requires the improvement of its skills in the construction phase as much as in the transfer 

and termination stages. Such stages play a crucial role in multiple PPP projects that will start 

reaching the end of their concession periods in the next years.   

The fourth cluster refers to risk management (i.e., K110). According to Fig. 2-5 and 

Table 2-7, the analyzed papers explored economic and financing features of roads as well as 

contract-related processes within the private- and public-sector domains. This is reflected in 

the way topics related to allocation, mitigation, and management of risks are associated with 

keywords exhibiting the highest centrality values presented in Table 2-7.  

The risk management research agenda has evolved throughout the last two decades 

from being purely based on studying risk allocation procedures in the pre-contract phase to the 

mitigation and management of risks by considering complex social system-based perspectives 

throughout the projects’ lifecycle. Thus, this agenda was initially driven by topics such as the 

learning process (K71), multidimensional impacts (K74), and relational management (K109) 

in the pre-financial crisis decade (Lonsdale, 2005; X. Zhang, 2005b; X. Q. Zhang et al., 2002). 

In contrast, topics such as collaborative process (K15), complexity (K18), conflicts (K21), 

coordination processes (K26), social theory (K57), governance (K58), and human judgment 

(K62) have gained relevance during the last decade (C. Chen & Hubbard, 2012; De Biasio & 
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Murray, 2017; J. Li & Zou, 2011; Loosemore & Cheung, 2015; Yun et al., 2015). This finding 

suggests that the risk management agenda has evolved up to the point of incorporating the 

social-governance perspective into its analysis, which requires a better understanding of the 

role and interactions between PPP stakeholders. 

The last cluster refers to contract management (i.e., K24). According to Fig. 2-5 and 

Table 2-7, this PPP sub-domain has been mostly examined from a contract performance 

perspective and by considering risk- and financing-related issues in road infrastructure 

initiatives (K53 financing, K111 road infrastructure, K110 risk management, K25 contract 

performance). Scholars have focused on exploring topics such as contract design, contract 

structure, contractual rigidity and flexibility, contractual choices and bonds, and contract types.  

In general, the contract management research agenda has substantially evolved from a 

traditional stakeholder-based perspective to a more comprehensive and social-based 

governance perspective over the last two decades. In the pre-financial crisis decade, this 

agenda was driven by general criteria such as concessionaire (K23), public sector (K59), and 

relational management (K109) (Besley & Ghatak, 2001; Bloomfield, 2012; Lonsdale, 2005; 

Lonsdale & Watson, 2007). During the last decade, in contrast, researchers have analyzed the 

influence of collaborative process (K15), complexity (K18), conflicts (K21), coordination 

processes (K26), cross-sector analysis (K32), external factors (K50), social theory (K57), 

governance (K58), learning process (K71), general management (K73), and causal model 

(K75). Overall, in the post-financial crisis decade, this agenda has increasingly focused on 

infrastructure typologies related to healthcare (K60), ports (K94), power (K96), and social 

infrastructure (K117) (Antillon et al., 2018; Guo et al., 2014; Lenferink et al., 2014; Macário 

et al., 2015; Marques, 2018; Sclar, 2015; Shi et al., 2016).  

2.8 FUTURE RESEARCH AVENUES  

The analysis developed in this research exposed one significant research gap that may 

steer literature streams in the near future. This research gap is important not only to strengthen 

the PPP body of knowledge but also to counter-balance the roles played by some keywords by 

promoting the emergence of new knowledge clusters. This contributes to reducing the 

tendency of some macrokeywords to exert excessive control over the ongoing evolution of the 

PPP literature. 

Accordingly, the research avenue that should steer this dissertation refers to 

sustainability (K124). Although this topic has been widely recognized given its relevance for 

PPPs, it has been significantly underrepresented in the PPP body of knowledge (i.e., only 12 
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articles included this macro-keyword as the main topic), as this keyword does not even appear 

in Table 2-7. This underrepresentation reveals that the sustainability-related implications of 

PPP projects remain unclear and reflect a significant gap to fill. Clearly, PPPs are useful 

instruments with sustainable environmental and social implications throughout projects’ 

lifecycles. Consequently, this field requires a thorough analysis of the complex relationship 

between the three dimensions of sustainability (i.e., economic, environmental, and social) and 

PPPs. 

The economic dimension of sustainability demonstrated to be the most representative 

out of the three dimensions, reflected in the preponderance of financing and economic aspects 

(K53), but can be complemented by adopting life-cycle perspectives focused on avoiding 

renegotiations detrimental to governments and users. The social dimension of sustainability 

has gained significance, especially during the last decade still requiring increasing research 

efforts focused on identifying and dismantling social legitimacy challenges in PPP programs, 

which is supported by the increasing relevance of topics such as collaborative process (K15), 

coordination process (K26), social theory (K57), and social infrastructure (K117). The 

environmental dimension of sustainability is, by far, the most incipient sustainability 

dimension in PPPs, but can be strengthened through topics such as multidimensional 

assessment of EIA effectiveness and its drivers supported empirically.  

2-9 CONCLUSIONS 

Various bibliometric analyses of PPP research already exist in the literature. However, 

the connections between the main topics within the PPP body of knowledge have not been 

sufficiently explored. Unlike traditional bibliometric approaches focused on identifying 

research topics and authors, this study examined the interwoven network of research topics 

within the PPP domain, using Content Analysis and Semantic Network Analysis.  

The CA and SNA approaches allowed for uncovering the relationships and trends 

within PPP research topics over the last two decades. This contributes to improving how 

researchers have understood the PPP domain through the application of Social Network 

Analysis metrics (i.e., degree centrality, betweenness centrality, eigenvector centrality, density, 

clustering coefficient, and small-world index). Based on that, these metrics showed that the 

PPP body of knowledge evolved to a high-clustered network in which few macro-keywords 

steer most of the studies. The analysis indicates that, although the literature encourages 

interconnected investigations, the research trends over the last decades remain fragmented with 

highly prominent thematical clusters. 
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In this context, the PPP body of knowledge exhibits characteristics associated with self-

organizing networks. This means that the macro-keywords within this research domain are 

continually redefining their relevance and influence in a bottom-up approach and, 

consequently, the PPP research agenda cannot be controlled by a single topic. Moreover, this 

research agenda does not grow either in a purely random way due to the systematic procedures 

of academic research or in a purely regular way characterized by linear growth patterns.  

Chronological analysis indicates that although road infrastructure (K111) is the most 

representative type of infrastructure, some traditional PPP infrastructure types such as power 

infrastructure (K96), rail infrastructure (K107), and tunnel infrastructure (K131) reduced their 

participation in the PPP research agenda over the last decade. The research focus has shifted 

from traditional developed countries such as the UK (K133) and the US (K136) to developing 

countries such as China (K13). 

Five main macro-keywords are driving the main semantic network underlying the PPP 

body of knowledge: financing and economic aspects (K53), road infrastructure (K111), public 

sector management (K59), risk management (K110), and contract management (K24), which 

are the bases of the PPP research agenda. These keywords steer and, at the same time, act as 

‘critical bridges’ by intermediating the research success of other significant keywords. This 

behavior is explained by the high Small World Index of the main network and its corresponding 

sub-networks. However, this also implies that these five main keywords exhibit high clustering 

coefficients that may enable the growth of the whole PPP research agenda (i.e., increasing 

growth of a few macro-keywords that have evolved faster over time), and, at the same time, 

jeopardize the emergence of new research trends.  

This chapter defined the research avenue that will steer this dissertation, sustainability. 

According to the conducted analysis, the PPP research agenda has relevant gaps associated 

with sustainability. Although this topic has been widely recognized given its relevance for 

PPPs, it has been significantly underrepresented in the PPP body of knowledge, which reveals 

that the sustainability-related implications of PPP projects remain unclear and reflect a 

significant gap to fill. Sustainability is important not only to strengthen the PPP body of 

knowledge but also to counterbalance the roles played by some traditional topics by promoting 

the emergence of new knowledge clusters. This contributes to reducing the tendency of some 

traditional topics to exert excessive control over the ongoing evolution of the PPP body of 

knowledge.  

In general, the current article strengthens the PPP research agenda in various ways. 

First, this research offers a novel semantic network model that describes PPP research topics 
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and reveals the dynamics associated with the interrelations between them. Whereas some 

previous studies have developed Social Network Analyses about PPPs (De Biasio & Murray, 

2017; Guevara, Salazar, et al., 2020a; Guevara & Garvin, 2017; Marsilio & Cappellaro, 2011), 

this paper introduces the concept of Semantic Network Analysis to explain the PPP body of 

knowledge instead of the traditional stakeholder analysis applied to SNA. Second, it establishes 

a novel analysis of PPP studies and provides a connection between macro-keywords found in 

the Semantic Network Analysis. This is different from traditional systematic literature reviews 

(Chan & Owusu, 2017; Kereri & Harper, 2019; Kokkonen & Alin, 2015; Pagoni & Georgiadis, 

2020; Roehrich et al., 2014; Siraj & Fayek, 2019; H. Wang, Xiong, et al., 2018) and 

bibliometric analysis focused on authors and citations (de Castro e Silva Neto et al., 2016; 

Marsilio & Cappellaro, 2011). Macro-keywords tend to be grouped in clusters of topics to 

facilitate learning and understanding processes. Nevertheless, macro-keywords are not far 

distanced from one another, as the conceptual explanation of most PPP issues can be conducted 

by using words from different clusters.  

Third, five macro-keywords were the most influential intermediaries for explaining 

other topics within the networks. These macro-keywords could entail a dual role as inhibitors 

that jeopardize the emergence of new research trends and as enablers that act as reference points 

for gaining a deeper understanding of either existing or new topics within the PPP research 

agenda. This study represents one step beyond what traditional literature syntheses usually 

provide (de Castro e Silva Neto et al., 2016; Marsilio & Cappellaro, 2011; Roehrich et al., 

2014) because it highlights not only the most important groups of topics inside a specific body 

of knowledge but also the implications associated with the way they are connected.  

Fourth, sustainability was identified as the main future research line given its potential 

to strengthen the PPP research agenda. Moreover, this research line still has significant gaps to 

be filled within the PPP body of knowledge and could counter-balance the excessive control 

of the above-mentioned macro-keywords over the ongoing evolution of the PPP research 

agenda through promoting the emergence of new knowledge clusters.  

However, like all modeling approaches, this work has limitations imposed by its 

assumptions and scope. For instance, this study only analyzes networks of the main topics and 

years of the papers. The filtering criteria also can be adjusted to make it more flexible and 

include more papers or extend the period under study. These circumstances create an 

opportunity for future research and model expansion. 

Future research could seek to build semantic networks based on the main geographical 

regions studied in the papers. Other complementary studies could focus on the research 
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methodologies in the PPP body of knowledge as well as the methods of data collection to 

understand the connections between them and their respective study fields from an SNA 

perspective. Additionally, filtering criteria can be adjusted to include papers from the Q3 and 

Q4 journals, as identified here. Likewise, the analysis could be enriched by extending it farther 

back into the past. Overall, the findings challenge the traditional approach to understanding the 

evolution of the PPP body of knowledge. The results show how five macro-keywords relate to 

the majority of the main topics studied in the PPP body of knowledge. Finally, this study 

contributes to the Semantic Network Analysis literature because past Semantic Network 

Analysis studies have not been applied to the PPP body of knowledge.  
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CHAPTER 3 – BUILDING BRIDGES: UNRAVELING THE 

MISSING LINKS BETWEEN PUBLIC-PRIVATE 

PARTNERSHIPS AND SUSTAINABLE DEVELOPMENT2 

 
Based on the thematic keywords gathered in Chapter 2, this chapter analyzes the 

relationship between PPP-related research topics and sustainability through the Sustainable 

Developing Goals (SDGs) and their targets. This chapter closes the analysis of the PPP body 

of knowledge (Perspective 1 - Chapter 2) and constitutes a transition toward the sustainability 

of PPPs (Perspective 2 – Chapters 4, 5, and 6). The findings in this chapter establish the 

research avenues of Perspective 2 of the Dissertation. 

3.1 ABSTRACT 

Although it is increasing agreement that Public-Private Partnerships (PPPs) contribute 

significantly to sustainable development, the intersection between the PPP body of knowledge 

and sustainability remains underdeveloped. This study adopts the Sustainability Development 

Goals (SDGs) and their sustainable targets as means to assess the intensity of the link between 

the PPP literature and sustainability. Findings show that the thematic keywords in the PPP 

literature are multidimensionally related to sustainability through 16 out of the 17 SDGs. 

However, the intensity of this relationship is heterogenous: while eleven SDGs were related to 

less than 5% of the topics and only four SDGs (i.e., 8, 9, 16, and 17) demonstrated a strong 

relationship with PPPs, representing 51 out of the 169 sustainability targets. Moreover, 19 

sustainability targets within these four SDGs were found to be the most representative 

according to their connection with the studied PPP topics, underlining high interdependencies 

between the PPP field and the three sustainability dimensions (society, environment, and 

economy). Overall, this study establishes a foundation for future studies on sustainability in 

PPPs by proposing three research avenues associated with social, environmental, and economic 

perspectives: (1) exposing the life-cycle relations between sources of payment, financing 

conditions, and costs of PPPs. (2) examining the most relevant challenges in achieving social 

legitimacy of PPP programs in developing countries. (3) providing a multidimensional 

empirical analysis of the effectiveness of environmental assessment tools for PPP projects. 

 

2 The work of this Chapter was summarized in the article “Building Bridges: Unraveling the 

Missing Links between Public-Private Partnerships and Sustainable Development” by Gabriel 

Castelblanco and Jose Guevara. This paper was accepted for publication in IPMA Project 

Leadership and Society journal. 



61 

 

3.2 INTRODUCTION 

Public-Private Partnerships (PPPs) have gained preponderance among project delivery 

methods, as they are useful instruments for developing large-scale projects worldwide 

(Grimsey & Lewis, 2004). The size of these projects also brings increasing complexity, forcing 

stakeholders to face unprecedented socio-technical challenges (Frischmann, 2012; Harvey et 

al., 2016). As socio-technical systems, PPPs are closely related to the concept of sustainability 

because of their ability to provide essential infrastructure and, simultaneously, the potential to 

generate harmful impacts at the economic, environmental, and social levels (Thacker et al., 

2019).  

Sustainability and PPPs have been analyzed by countless papers, but the intersection 

between both fields is an incipient research avenue that needs to be strengthened. Despite the 

relevance of PPPs for sustainability, previous research has not analyzed the PPP body of 

knowledge thoroughly to uncover the inherent relationships between this field and sustainable 

development. In contrast, researchers in the project management field have analyzed the PPP 

literature mostly from a general perspective, identifying the main research topics, authors, 

research methods, institutions, and countries where the papers have been written (Cui et al., 

2018; Tang et al., 2010; S. Zhang, Chan, et al., 2016).  

For instance, most PPP bibliographic studies and literature reviews identify financial 

aspects as the most influential topics in the PPP body of knowledge (Cui et al., 2018; Tang et 

al., 2010; S. Zhang, Chan, et al., 2016). However, they do so by considering such themes as 

specific areas in the PPP field without thoroughly analyzing their interrelationships with other 

topics relevant to sustainability (e.g., social stakeholders and environmental considerations). 

Thanks to such investigations, significant findings are now available to researchers worldwide; 

however, there is little evidence of comprehensive analyses of the PPP literature focused on 

providing cohesive and integrated depictions of sustainability contributions. This gap is more 

evident considering the comprehensive literature focused on the intersection between 

sustainability and project management (Huemann & Silvius, 2017; Sabini et al., 2019; Silvius 

& Schipper, 2020).  

To start filling this gap, this study aims to analyze the relationships between PPP-related 

research and the achievement of specific SDGs and the intensity of these relationships. This 

provides the platform for identifying the specific research avenues for addressing sustainability 

in PPPs. This study contributes to the PPP literature by identifying (1) the PPP topics that drive 

sustainability through the lens of the SDGs, (2) the intensity between PPP and each SDG 

through the sustainable targets, and (3) the research epicenters for strengthening specific SDGs 
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in the PPP field. This study contributes twofold: Firstly, public sector practitioners may use the 

findings of this study to purposely design PPP policies that incentivize specific SDGs 

depending on the specific sustainability needs of each country. Secondly, academics and 

practitioners may consider the geographic epicenters identified to purposely establish 

international cooperation networks that promote the transfer of theoretical and practical lessons 

useful to leverage the implementation of these SDGs. 

This paper includes multiple sections. After introducing the theoretical problem and 

objectives of the study, the conceptual points of departure are presented. Then, the four-stage 

research methodology and validation are described. Next, a discussion of the main drivers and 

enablers of sustainability in the PPP literature is provided. The manuscript concludes by 

presenting the most relevant conclusions, future research streams, and limitations. 

3.3 POINTS OF DEPARTURE 

3.3.1 The concepts of PPP and Sustainability 

PPPs embody a project delivery method that integrates the complementary skills of 

private and public partners (Tang et al., 2010; S. Zhang, Chan, et al., 2016). The former 

contributes with innovative, technical, and managerial strengths; the latter provides a social- 

and local-based perspective, and accountability, allowing an effective procurement method 

for a variety of services and infrastructure types (Carbonara et al., 2014; Loosemore & 

Cheung, 2015). This integration occurs across multiple lifecycle phases including long-term 

inter-organizational relationships between various participants and is affected by uncertainty 

and bounded rationality (Bing et al., 2005; Hartmann et al., 2014). 

On the other hand, the literature does not provide a standard definition of the concept 

of sustainability. Although the number of sustainability-related investigations linked to 

infrastructure development has increased in recent decades (Kivilä et al., 2017; Koppenjan, 

2015), researchers have not reached a consensus regarding the sustainability within 

infrastructure or management fields (Hueskes et al., 2017; Sabini et al., 2019). Most scholars 

agree that sustainability refers to all the efforts directed toward satisfying the present 

generation’s requirements without undermining future generations to meet their requirements 

(World Commission on Environment and Development, 1987). Sustainability aims for 

balancing social, environmental, and economic perspectives on development and performance, 

summarized in the Triple Bottom Line perspective (Huemann & Silvius, 2017; Sabini et al., 

2019; Silvius & Schipper, 2020). These dimensions, in turn, encompass multiple notions and 
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goals related to “people”, “planet”, and “profit” as the basis of multiple sets of metrics for 

measuring and evaluating a project’s sustainability performance (Kivilä et al., 2017; Silvius et 

al., 2017). 

3.3.2 The relationship between Sustainability and PPPs 

Although PPPs and sustainability are intrinsically connected, their relationship is 

complex (Kivilä et al., 2017). On one side, public-private initiatives are valuable instruments 

to facilitate infrastructure provision by incorporating private capital into project delivery 

(Carbonara et al., 2014; Y. Xu et al., 2012). On the other hand, PPPs contribute to incentivizing 

a lifecycle perspective in which public authorities, infrastructure developers, and equity 

investors work in conjunction to meet societies’ needs (Hueskes et al., 2017; Mota & Moreira, 

2015; Verweij, 2015a). Therefore, this vision requires that government agencies clearly define 

infrastructure project outcomes and that the private sector focuses on building infrastructure 

assets and ensuring adequate service-based conditions (Bing et al., 2005; S. Zhang, Chan, et 

al., 2016). Because of that, multiple authors have argued that PPP development is a suitable 

means to improve infrastructure systems in any jurisdiction worldwide, and at the same time, 

accomplish economic, social, and environmental sustainability (Hueskes et al., 2017; Kivilä et 

al., 2017). 

Despite their potential benefits, PPPs may also endanger sustainability. Project 

management literature suggests that one of the main hurdles to achieving sustainability through 

PPPs is related to the lack of external control over the role played by the private sector in these 

transactions (Kivilä et al., 2017). If government agencies are not able to effectively exert 

effective external control on the private sector’s actions, infrastructure projects delivered 

through PPP schemes may become legal monopolies in which investors and developers pursue 

their self-interest rather than the general social welfare (Yescombe & Farquharson, 2018). 

These opportunistic behaviors hinder the accomplishment of multiple sustainability goals 

because private actors may behave opportunistically to improve their financial returns 

regardless of social, environmental, and economic necessities (Hueskes et al., 2017). 

Clearly, the concept of infrastructure development lies at the center of the relationship 

between PPPs and sustainability. Although public-private initiatives are vehicles to enhance 

infrastructure systems, they may not necessarily do so by incorporating sustainability-related 

perspectives unless the public sector exerts effective control (Kivilä et al., 2017). Some 

scholars report how the implementation of PPPs has improved the provision of essential 

infrastructure-based public services globally. However, other researchers highlight multiple 
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PPP-related controversies associated with a lack of socio-political legitimacy, negative 

environmental impacts in the long term, and excessive economic returns given to the private 

sector (Hueskes et al., 2017). In this sense, the evidence regarding successfully integrating the 

concepts of sustainability and PPPs remains inconclusive. As a result, there is a clear need to 

examine how to harmonize the implementation of these two concepts to improve infrastructure 

systems worldwide. 

3.3.3 PPPs and SDGs 

The United Nations countries embraced 17 SDGs to respond to the pervasive issues 

that endanger sustainability in 2015 to simultaneously guarantee prosperity, protect the 

environment, and finish poverty by 2030 (Sabini & Alderman, 2021; United Nations, 2016). 

These SDGs have been adopted by academics, project managers, and the public sector 

decision-makers worldwide to address sustainability in a joint effort involving a wide array of 

stakeholders (Sabini & Alderman, 2021). This multi-stakeholder approach is significantly close 

to the intended objectives of PPPs understood as collaborative partnerships between 

governments and private companies for providing long-term infrastructure and services 

(Biygautane et al., 2019; El-Gohary et al., 2006; Verweij, 2015a). 

PPPs are closely related to SDGs, given that public-private agreements facilitate the 

supply of critical services, such as transportation, education, water, healthcare, sewage, energy, 

and communication. Thacker et al. (2019) identified the influence of infrastructure 

development across all the 17 SDGs. According to them, all the sustainable targets related to 

SDG3 (i.e., good health and well-being for people), SDG6 (i.e., clean water and sanitation), 

SDG7 (i.e., affordable, and clean energy), SDG9 (i.e., industry, innovation, and infrastructure), 

and SDG11 (i.e., sustainable cities and communities) are affected by infrastructure projects. In 

this sense, PPPs play a crucial role in achieving high levels of sustainable development because 

of directly influence processes associated with accomplishing SDG3, SDG9, and SDG11 

(Gundogdu, 2019; Thacker et al., 2019). 

Moreover, PPPs also affect indirectly other SDGs because the supply of critical 

infrastructure and services allows markets to connect, boosts mobility, and generates jobs 

(Berrone et al., 2019). In this sense, the overall accomplishment of all SDGs is indirectly 

influenced by PPP development because of the management issues, excessive costs of proper 

monitoring, stifled innovations, and significant cost of capital associated with these long-term 

initiatives (Ottaviani & De Marco, 2021; Thacker et al., 2019). 
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3.4 RESEARCH METHODOLOGY 

This study intends to gain insight into the complex interrelations between PPP topics 

and the concept of sustainability to elucidate the most significant research directions for 

sustainability in PPPs. Due to the lack of consensus regarding how to define sustainability, this 

manuscript adopts the SDGs as means to explore sustainability and its relationship to PPPs, 

which aims for unraveling the fundamental research avenues required for addressing 

sustainability in PPPs. To do so, a four-stage approach was conducted by combining techniques 

related to systematic coding process and content analysis following the recommendations of 

Braun and Clarke (2013) and Bazeley and Jackson (2013).  

The four-stage approach is presented in Figure 3-1. In stage 1, the scope of each SDG 

(and their sustainable targets) was identified in conjunction with their main relationships with 

PPPs. Stage 2 was developed to retrieve the keywords representing the main topics and 

infrastructure types in the PPP literature. Stage 3 was conducted for pairing the main PPP 

thematic keywords in the literature with the 17 SDGs based on the textual or no textual 

relationship of these PPP topics with the SDGs. In stage 4, a filtering process was conducted 

to remove from the analysis the SDGs least related to PPPs. The resulting SDGs were 

disaggregated according to their sustainability targets to pair them with the PPP thematic 

keywords. 

 

Figure 3-1. Research Methodology. 
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3.4.1 Stage 1: Coding Process of SDGs and Sustainable Targets 

In this stage, a systematic coding process of the SDGs was conducted to identify the 

scope of each SDG and its relationship with PPPs. To do so, each SDG was examined through 

its constitutive targets, as these are specific objectives within every general goal (i.e., there are 

between five and nineteen targets per SDG with a total of 169 specific objectives). This was 

achieved by considering that the sustainable targets were presented in 2017 in a United Nations 

resolution by disaggregating each SDG based on either their means of implementation or 

outcomes (Thacker et al., 2019).  

3.4.2 Stage 2: Retrieving and Filtering PPP Thematic Keywords  

This study retrieved the thematic keywords of the PPP literature obtained from 

Castelblanco et al. 2021, which coded 139 thematic keywords from the PPP literature published 

in the last 20 years (Castelblanco, Guevara, Mesa, et al., 2021). These PPP thematic keywords 

represented the most relevant topics, the research methodologies, the infrastructure type, and, 

for case studies papers, the country or region of the study. Once the keywords were retrieved, 

a screening process was developed for excluding keywords unrelated to SDGs or sustainable 

targets. This process resulted in the removal of 58 keywords focused on specific research 

methodologies (e.g., stochastic model, game theory, qualitative analysis, system dynamics) and 

countries/regions that cannot be related to any specific SDG or sustainable target directly. As 

a result, 81 PPP thematic keywords which focused on the most relevant topics and 

infrastructure types remained. 

3.4.3 Stage 3: Pairing PPP thematic keywords and SDGs 

This pairing process analyzed the potential relationship of each PPP thematic keyword 

with the SDGs. The pairing process considered whether there were textual or non-textual 

relationships between PPP thematic keywords and SDGs. A textual relationship was 

established in case a PPP keyword was found to be explicitly associated with an SDG or its 

related targets. For instance, SDG 7 (i.e., ensure access to modern, reliable, and affordable 

energy services) was directly related to the keyword “power infrastructure”. Conversely, a non-

textual relationship of the PPP thematic keywords with the SDGs was established if, despite 

the absence of a literal connection, the relationship between any SDG and any PPP keyword 

was clearly supported by clear and logical reasoning. For example, SDG 11 (i.e., make human 

settlements and cities resilient, safe, and inclusive) is indirectly related to the keyword “traffic 

management”. 
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A reference matrix Rij was developed by representing the SDGs as columns (i.e., SDGj) 

and the PPP thematic keywords gathered by Castelblanco et al. 2021 as rows (i.e., Pi), as shown 

in Figure 3-2. The relations between the SDGs and the PPP thematic keywords are denoted by 

Wij. Consequently, if the PPP thematic keyword i was related to the SDG j, then Wij=1, 

otherwise Wij=0. The pairing process between PPP thematic keywords and SDGs resulted in 

an 81 x 17 matrix. 

 

Figure 3-2. Illustrative example of the Rij matrix. 

3.4.4 Stage 4: Pairing PPP Thematic keywords and Sustainable Targets 

Once the pairing process between PPP thematic keywords and SDGs concluded, a 

filtering process was conducted to sharpen the analysis of the most significant relations 

between the PPP topics and SDGs. Consequently, the SDGs related to less than 10% of the 

PPP topics were removed. Then the resulting SDGs were disaggregated according to their 

targets. After that, a second pairing process between PPP thematic keywords and sustainability 

targets was developed. This pairing process resulted in a second reference matrix by 

representing the PPP thematic keywords sustainability targets as columns (i.e., Pj) and the 

sustainability targets as rows (i.e., SDGti), as shown in Figure 3-3. The pairing process between 

PPP thematic keywords and the sustainable targets resulted in a 51 x 81 matrix. 

 

  

Figure 3-3. Illustrative example of the 2nd Reference Matrix. 
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3.4.5 Validation 

The strategy for grouping the keywords and developing the networks was conducted 

through a systematic stage-by-stage approach, completing an internal validation process to 

reach reliability and replicability. This validation process was focused on establishing an 

accurate and reliable coding process, relating the PPP thematic keywords with the SDG. This 

goal was accomplished using a structured grouping strategy derived from sound literature that 

demonstrates the relationship between the keyword and the SDG(s). 

Additionally, two different analysts independently developed the process by reviewing the 

thematic keywords to pair them with one or multiple SDGs to validate the coding process. 

Then, agreement on the pairing between both analysts was computed through Cohen’s kappa 

based on equation 3-1 (Mchugh, 2012):.  

𝜅 =  
𝐹0 − 𝐹𝐶

𝑁 − 𝐹𝐶
   (3 − 1) 

In this equation, the term 𝐹0 represents the number of judgments for which the analysts 

agree; 𝐹𝐶 is the amount of judgments on which agreement is expected by chance; and 𝑁 

corresponds to the total amount of judgments made by each analyst. 

The initial 𝜅 ranged between 0.7 and 1 among the SDGs. For the cases in which there 

was any disagreement among both analysts, a discussion regarding the discrepancies was made, 

which allowed for improving the 𝜅 to a range between 0.85 and 1. For the specific remaining 

disputes after the second round of discussion, both analysts discussed the discrepancies until 

reaching consensus (i.e., 𝜅=1). 

3.5 FINDINGS 

3.5.1 Relationship between SDGs & Keywords 

Based on the targets that constitute each SDG, the relationships between SDGs and 

PPPs (Methodological Stage 1) are presented in Table 3-1. For building the table, the SDGs 

constituted an initial list of 17 codes containing their respective sustainable targets. Then, a 

content analysis of the literature on PPPs and SDGs was conducted through the lens of the 17 

codes. In Table 3-1, illustrative references are shown to emphasize that multiple scholars have 

highlighted the potential relationships between SDGs and PPPs. 

The general analysis of the literature that incorporates the interaction between the PPP 

topics and each SDG is incipient and its distribution is heterogeneous. In this regard, less than 

10% of the papers analyzed incorporated any consideration related to SDGs 12, 14, 15, and 16, 
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which are related mainly to the remaining environmental and institutional gaps associated with 

the large size of these projects. 

Table 3-1. SDGs and their relationship with PPPs 

Code SDGs References 

No. of 

Sustainable 

Targets 

1 End poverty and all its forms everywhere 
[1],[2],[3],[7],[25], 

[26] 
7 

2 
End hunger, achieve food security and improved nutrition, and 

promote sustainable agriculture 
[1],[2],[3],[7],[9],[1

0],[11] 
8 

3 Ensure healthy lives and promote well-being for all at all ages 
[1],[2],[3],[4],[7],[1
2],[13],[14],[15],[2

8] 
13 

4 
Ensure inclusive and equitable quality education and promote 

lifelong learning opportunities  
[1],[2],[3],[7],[16], 

[17] 
10 

5 Achieve gender equality and empower all women and girls [1],[2],[3],[7] 9 

6 
Ensure availability and sustainable management of water and 

sanitation for all 
[1],[2],[3],[4],[7],[9

], [10],[11],[27] 
8 

7 
Ensure Access to affordable, reliable, sustainable, and modern 

energy for all 
[1],[2],[3],[4],[7],[9

], [10],[11] 
5 

8 
Promote sustained, inclusive, and sustainable economic growth, 

employment, and decent work 

[1],[2],[3],[5],[6],[7
], 

[20],[21],[22],[23], 

[24],[25],[26],[30], 
[31],[32],[33] 

12 

9 
Build resilient infrastructure, promote inclusive and sustainable 

industrialization/innovation 

[1],[2],[3],[4],[7],[2

0],[21],[22],[23],[2
4], 

[25],[26],[28],[30], 

[31],[32] 

8 

10 Reduce inequality within and among countries 
[1],[2],[3],[7],[9],[1

1] 
10 

11 
Make cities and human settlements inclusive, safe, resilient, and 

sustainable 
[1],[2],[3],[4],[5],[7
], [18],[19] 

10 

12 Ensure sustainable consumption and production patterns [2],[3],[7] 11 

13 Take urgent action to combat climate change and its impacts 
[2],[3],[5],[6],[7],[8

] ,[9],[11] 
5 

14 
Sustainably use the oceans, seas, and marine resources for 

sustainable development 
[2],[3],[7] 10 

15 
Protect, restore, and promote sustainable use of terrestrial 

ecosystems 
[2],[3],[7] 12 

16 Build effective, accountable, and inclusive institutions at all levels [2],[3],[7] 12 

17 
Strengthen the means of implementing the Global Partnership for 

sustainable development 
[2],[3],[5],[6],[7] 19 

Note : [1] Gundogdu (2019), [2] Thacker et al. (2019), [3] Berrone et al. (2019), [4] Castelblanco, Guevara and 

Mendez-Gonzalez (2021), [5] Anwar et al. 2021, [6] Chunling et al. (2021), [7] Maslova (2020), [8] (Rojas et al., 

2020), [9] (Plummer Braeckman et al., 2020), [10] (Propersi & Gundes, 2006), [11] (Nsefu et al., 2021), [12] (De 

Marco & Mangano, 2013), [13] (Torchia et al., 2015), [14] (Cruz & Marques, 2013b), [15] (Wright et al., 2019), 

[16] (Saeed et al., 2018), [17] (Hartwell et al., 2019), [18] (Reeves, 2013), [19] (Van Gestel et al., 2012), [20] 

(Grimsey & Lewis, 2004), [21] (Damnjanovic et al., 2016), [22] (Higham et al., 2017), [23] (Reeves et al., 2017), 

[24] (Yescombe, 2014), [25] (Hueskes et al., 2017), [26] (Koppenjan & Enserink, 2009), [27] (Koppenjan, 2015), 

[28] (Ruiz & Guevara, 2020a), [29] (Vazquez et al., 2013), [30] (H. Wang, Zhang, et al., 2018), [31] (Wojewnik-

Filipkowska & Wȩgrzyn, 2019), [32] (Yescombe & Farquharson, 2018), [33] (Guevara & Garvin, 2017) 

 

Once the SDGs were unbundled into their targets and their relationships with PPPs were 

established, the PPP thematic keywords identified by Castelblanco et al. (2021) were codified 
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and organized alphabetically (Methodological Stage 2). The PPP thematic keywords shown in 

Table 3-2 constituted the most significant topics and infrastructure types published in the last 

20 years.   

 

Table 3-2. PPP Thematic Keywords 
Id Thematic Keyword Id Thematic Keyword Id Thematic Keyword 

P1 Accountability P28 Evaluation stage P55 Power infrastructure 

P2 Administrative benefits P29 Expropriation P56 PPP implementation 

P3 Agency  P30 Facilities management P57 Pre-contract phase 

P4 Airport infrastructure P31 Finance-related factors P58 Spatial dynamics 

P5 Asset P32 Franchising P59 Procurement-related factors 

P6 Behavioral dynamics P33 Social theory  P60 Product differentiation 

P7 Capacity choice P34 Governance P61 Property rights 

P8 Collaborative process P35 Public sector management P62 Infrastructure stock 

P9 Compensation model P36 Healthcare infrastructure P63 Quality 

P10 Interorganizational networks P37 Infrastructure development P64 Rail infrastructure 

P11 Cultural factors P38 Land value    P65 Regulation 

P12 Concession P39 PPP scheme P66 Relational management 

P13 Conflicts P40 Learning process P67 Risk management 

P14 Construction phase P41 Legitimacy P68 Road infrastructure 

P15 Concessionaire P42 Multidimensional impacts P69 Satisfaction 

P16 Contract management P43 Project constraints P70 Secondary market 

P17 Contract performance P44 Natural resources P71 Service levels 

P18 Coordination processes P45 Non-financial determinants P72 Smart city 

P19 Corporate structure P46 Operation phase P73 Social infrastructure 

P20 Corruption P47 Organizational attributes P74 Stakeholder management 

P21 Costs P48 Outsourcing P75 Subsidy 

P22 Country factors P49 Pavement design parameters P76 Sustainability 

P23 Delivery systems P50 Penalties P77 Traffic management 

P24 Developed countries  P51 Per-capita income P78 Transfer management 

P25 Developing countries P52 Planning P79 Tunnel infrastructure 

P26 Education system P53 Policy P80 Urban infrastructure 

P27  maintenance P54 Port infrastructure P81 Welfare 

 

In respect to the Methodological Stage 3, the reference matrix Rij was developed to 

depict interactions between each SDG and PPP thematic keywords. Due to space limitations, 

matrix Rij is shown in the Supplemental Material section as Table 3S-1. Based on the reference 

matrix, the number of keywords related to each of the SDGs is presented in the Supplemental 

Material section as Figure 3S-1. In general, the PPP thematic keywords demonstrated being 

multidimensionally related to sustainability because of their relations with most of the SDGs. 

In effect, 16 out of the 17 SDGs demonstrated being related to PPPs and only one SDG 

demonstrated being unrelated to PPPs (i.e., SDG 5 – Gender equality). 
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 3.5.2 SDGs and PPPs: Most Frequent Relationships 

Despite the multidimensional relations between PPPs and sustainability, the intensity 

of these relations is heterogeneous. Accordingly, four SDGs (i.e., 8, 9, 16, and 17) 

demonstrated being the most frequently connected with PPP topics, each related to more than 

10% of the PPP topics analyzed. These SDGs are associated with economic growth (SDG 8), 

industry and infrastructure (SDG 9), peace/justice and strong institutions (SDG 16), and 

partnerships for the goals (SDG 17). For these four SDGs, sustainable targets were retrieved to 

estimate the extent to which PPP themes influence the concept of sustainability. These four 

SDGs include 30% (51 out of the 169) of the total targets, which reflects their specific 

preponderance for overall sustainability. The 51 targets are shown in the Supplemental Material 

section Table 3-S5. 

Once the sustainability targets were retrieved for the four aforementioned SDGs, the 

pairing process between the PPP thematic keywords and sustainability targets (Methodological 

Stage 4) was conducted. Based on that, the number of PPP thematic keywords related to each 

sustainability target is shown in the Supplemental Material Figure 3-S2; 42 out of the 51 

sustainable targets analyzed were found to relate to at least one of the 81 PPP terms. This 

interaction pattern demonstrates how infrastructure PPPs are specially related to sustainable 

targets. Accordingly, Table 3 presents the PPP thematic keywords with the highest number of 

connections with the sustainable targets analyzed. Additionally, the definition for each ranked 

keyword is shown in the Supplemental Material section Table 3-S4. Corresponding reference 

matrices of the sustainable targets for each SDG are shown in the Supplemental Material 

section in Tables 3-S2, 3-S3, and 3-S4. 

Despite this comprehensive relation between PPP and sustainability targets within 

SDGs 8, 9, 16, and 17; the strength of the specific connections demonstrated heterogeneity. 

Overall, 23 out of the 42 targets were related to less than 10% of the PPP thematic keywords. 

The remaining 19 sustainability targets were shown to be the most representative according to 

their match with PPP topics (i.e., more than 10% of the keywords), as depicted in the 

Supplemental Material section Figure 3-S2. 
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3.6 DISCUSSION 

3.6.1 Major Bridges between PPPs and sustainability 

Four SDGs (i.e., 8, 9, 16, and 17) act as major bridges between PPP topics and 

sustainability, which means that the research connecting PPP research and sustainability is 

inherently attracted to these sustainable goals.  

In this context, the bridge between PPPs and SDG 8 is founded mainly on one single 

pillar (i.e., sustainable target 8.2 – economic productivity). In effect, due to the magnitude of 

PPPs (i.e., a substantial amount of capital expenditure is required for a typical project), these 

projects usually contribute significantly to national GDPs by promoting industrial production 

efforts (i.e., because of the equipment and raw material required), stimulating employment (i.e., 

due to the huge amount of personnel needed), and improving the financial sector (i.e., because 

of the significant debt leverage necessitated). Moreover, economic development and 

production are significantly boosted by long-term services associated with specific 

infrastructure types shown in Tables 2 and 3, such as port (P54) and urban (P80) infrastructures. 

The relevance of economic development and production derived from these PPP infrastructure 

types has been especially inquired about in Asian jurisdictions such as China, India, Singapore, 

and Hong Kong, (Cheung & Chan, 2011; Mahalingam, 2010; Panayides et al., 2015). 

 

Table 3-3. Top 20 PPP Thematic Keywords according to their relationship with specific 

Sustainable Targets 
Rank Code Sustainable Targets Total 

1 P42 [8.1, 8.2, 8.5, 8.10, 8b], [9.1, 9.4, 9.a], [ 16.6, 16.a ], [ 17.1, 17.3, 17.4, 17.9, 17.18] 15 

2 P43 [-],[9.1,9.4],[16.5,16.6,16.10],[17.2,17.3,17.4,17.5,17.9,17.13,17.16,17.17,17.18] 14 

3 P45 [-],[9.1, 9.4, 9.a],[16.6,16.7,16.8,16.10,16.a],[17.7,17.9,17.16,17.17,17.18,17.19] 14 

4 P63 [-],[9.1,9.4,9.5,9.6],[16.7,16.8,16.10,16.a],[17.6,17.7,17.9,17.18,17.19] 13 

5 P25 [8a],[9.5, 9.6, 9.7],[16a],[17.1, 17.2, 17.3, 17.4, 17.9, 17.16, 17.18] 12 

6 P54 [8.1, 8.2, 8.3, 8.a], [9.1, 9.4, 9.a], [ - ], [17.1, 17.5, 17.11, 17.13] 11 

7 P41 [-],[-],[16.5,16.6,16.7,16.8,16.10,16.a],[17.1, 17.3, 17.9,17.18] 10 

8 P59 [-],[-],[16.5,16.6,16.7,16.8,16.10,16.a],[17.1,17.9,17.14,17.18] 10 

9 P76 [8.2], [9.1, 9.4, 9.6], [ - ], [17.1, 17.4, 17.7, 17.9, 17.18, 17.19] 10 

10 P32 [8.10],[9.1, 9.4, 9.6],[ - ],[17.1, 17.3, 17.5, 17.16, 17.17] 9 

11 P40 [ - ], [9.1, 9.a],[16.6, 16.7, 16.8,16.10,16.a],[17.9,17.18] 9 

12 P47 [8.4],[-],[16.5,16.6,16.10,16.a],[17.9,17.16,17.17,17.18] 9 

13 P53 [-],[-],[16.5,16.6,16.7,16.8,16.10],[17.1,17.5,17.9,17.18] 9 

14 P80 [ 8.2, 8.3, 8.4 ], [ 9.1, 9.4, 9.a ], [ - ], [ 17.6, 17.7, 17.19] 9 

15 P12 [ - ],[9.1, 9.4, 9.6],[ - ],[17.1,17.3,17.5,17.16,17.17] 8 

16 P34 [-],[-],[16.5,16.6,16.7,16.8,16.10,16.a],[17.9,17.18] 8 

17 P35 [-],[-],[16.5,16.6,16.7,16.8,16.10,16.a],[17.9,17.18] 8 

18 P39 [ - ], [9.1,9.4,9.a], [ - ], [17.1,17.317.5,17.16,17.17] 8 
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19 P56 [ - ], [9.1,9.4,9.a], [ - ], [17.1,17.317.5,17.16,17.17] 8 

20 P72 [ 8.2, 8.3, 8.4 ], [ 9.1, 9.a ], [ - ], [ 17.6, 17.7, 17.19] 8 

 

The bridge between PPPs and SDG 9 is focused on two significant features for 

infrastructure, resilience and environmental performance. This bridge is founded on three 

pillars: sustainability targets 9.1 (quality infrastructure), 9.4 (resource-use efficiency and 

environmentally sound technologies for infrastructure), and 9.a (sustainable infrastructure in 

developing countries), as shown in Supplemental Material Fig. 3-S2. Based on these pillars, 

PPPs should seek to incorporate the concepts of sustainability and resilience, as the 

implementation of these two notions contributes to improving overall infrastructure 

performance beyond economic and financial indicators (i.e., P42, P45, P76). This approach is 

especially relevant for facing urban challenges associated with demographic growth and 

potential future disasters and extreme events. These may be more significantly difficult to face 

for developing countries (P25), as such jurisdictions are traditionally characterized by having 

a lack of resilient infrastructures and deficient urban development processes, which results in 

higher vulnerability to extreme events such as hurricanes, earthquakes, tsunamis, and 

alterations in climatic conditions. However, the research epicenter of these topics has been 

clustered mostly in European developed countries that have been the traditional leaders in 

sustainability implementation (e.g., Netherlands, Ireland, the UK, France, and Italy) (Akbiyikli 

et al., 2012; Dupont et al., 2015; Hueskes et al., 2017; Sheppard & Beck, 2016). 

SDG 16 is a bridge motivated by overcoming two main constraints for the sustainability 

contribution of PPPs: lack of legitimacy and lack of public sector capacity. These constraints 

are reflected in the pillars identified in Supplemental Material Fig. 3-S2, namely, sustainable 

targets 16.5 (reduce corruption), 16.6 (accountable institutions), 16.7 (participatory decision-

making), 16.8 (participation of developing countries in the global governance), 16.10 (public 

access to information), 16.a (building capacity in developing countries). In this context, 

building capacity remains one of the most significant public sector constraints for PPPs in 

developing countries (P25, P35, P43); and the incorporation of successful centralized PPP units 

and further supporting organizations is essential for allowing a proper enabling field for PPPs. 

In line with this, results show that for addressing PPP legitimacy (P41), governments are 

required to enable the successful participation of multiple private companies leveraged by 

competitive procurement (P59), public support (i.e., government guarantees), and social 

engagement. 

SDG 17 is a sustainable bridge built on eight pillars (sustainable targets 17.1, 17.3, 17.5, 
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17.7, 17.9, 17.16, 17.18, 17.19) that support the relevance of the economic, environmental, and 

social dimensions previously highlighted. This requires balancing trade-offs between multiple 

stakeholders in terms of PPP governance (P34), and it is particularly important in contexts with 

weak institutional frameworks (P25). Balancing private and public sector interests requires 

institutions and contracting authorities to uphold clear perspectives and directions, as these are 

specifically relevant when renegotiations or contract modifications are required across settings 

in which investment promotion (17.5) needs to be maintained. In line with that, the public 

sector should build PPP-enabling capacities (sustainable targets 17.9 and 17.18) to gain social 

support by protecting both the public and PPP users from exploitation (i.e., preventing 

excessive tariffs and ensuring service quality and environmental compliance); thus, reinforcing 

sustainable targets 17.16 (multi-stakeholder partnerships), 17.7 (environmentally sound 

technologies), and 17.19 (sustainable development progress measures). On the other hand, the 

private sector should be also protected through the implementation of measures associated with 

cost-recovering tariffs and government prosecution of non-paying users; as these are key 

mechanisms for improving tax and revenue collection (17.1) and attracting additional 

international financial sources (17.3).  

Despite the relevance of SDGs 16 and 17 for developing countries, the research 

epicenter of the PPP research linked to both SDGs has been clustered mostly around developed 

countries in three blocks: former British Commonwealth territories (i.e., the UK, Singapore, 

Scotland, Canada, Australia, New Zealand, Ireland, India) (Agyenim-Boateng et al., 2017; 

Andon, 2016; Hwang et al., 2013; Reeves, 2013; Regan et al., 2011), East-Asian jurisdictions 

(i.e., Taiwan, Hong Kong, China) (C. Chen & Hubbard, 2012; Tserng et al., 2012; S. Zhang, 

Zhang, et al., 2016), and European countries (i.e., Norway, Belgium, Netherlands, and 

Portugal) (Hueskes et al., 2017; Kort & Klijn, 2013; Schepper et al., 2014; Soliño & Santos, 

2010). 

3.6.2 Minor Bridges between PPPs and sustainability 

The heterogeneity in the intensity of the relationship between PPPs and sustainability 

is reflected in the fact that 11 out of the 17 SDGs were related to less than 5% of the PPP topics, 

as shown in Supplemental Material Figure 3-S1. These SDGs act less concurred bridges 

between PPP topics and sustainability. An analysis of the patterns in the relationship between 

PPP topics and SDGs demonstrated that there are common components among multiple of 

these sustainable bridges.  
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Non-financial determinants (P45) are a common component for linking PPPs and 

SDGs 1 and 2. Non-financial determinants such as the unemployment rate constitute a 

meaningful connection between PPPs and the eradication of poverty (SDG 1 – targets 1.1 and 

1.2) and hunger (SDG 2 – targets 2.1 and 2.2). Given that PPP infrastructure projects are 

characterized as large-scale initiatives, each of them requires thousands of employees across 

procurement, construction, and operation phases (Thacker et al., 2019). Jobs offered during the 

long lifecycle of PPPs constitute a meaningful enabler for eradicating poverty and hunger. 

Research on this PPP topic has been worldwide distributed and led by studies from the US, the 

UK, Portugal, Hong Kong, Indonesia, and Australia (Chan, Lam, et al., 2010; Mota & Moreira, 

2015). 

Specific PPP infrastructure sectors constitute a common component for some of these 

minor bridges (i.e., SDGs 3, 4, 6, 7, 11, 12, 13, 14, and 15). Healthcare Infrastructure (P36) is 

a key link for promoting health (SDG 3 – target 3.8) and addressing challenges of the healthcare 

system such as limited public capabilities, fast disease transmission across multiple countries, 

complex social issues, and scarce financial funds (Torchia et al., 2015). For ensuring education 

(SDG 4 - targets 4.3 and 4.a), the Education (P26) infrastructure sector is essential for 

upgrading education facilities (Saeed et al., 2018). Interestingly, healthcare and education PPP 

infrastructure have been specially advanced in the PPP literature by former Commonwealth 

countries (i.e., the UK, Australia, New Zealand, Canada, and Ireland). Urban Infrastructure 

(P80) sector -which includes water supply initiatives, wastewater treatment PPPs, and housing 

projects- contributes simultaneously to the sustainable management of water (SDG 6 – targets 

6.1 and 6.3), inclusive cities (SDG 11 – targets 11.1, and 11.3), the reduction of marine 

pollution (SDG 14 – target 14.1), and the protection of freshwater ecosystems (SDG 15 – 

target). In turn, the role of Power Infrastructure (P55) in the PPP literature is key for ensuring 

energy (SDG 7 – targets 7.1 and 7.2) and sustainable patterns by implementing waste-to-energy 

PPP projects (SDG 12 – target 12-5) and taking action to combat climate changes through 

renewable energy PPPs (SDG 13 – target 13.1). Both urban and power infrastructure have been 

PPP topics led by Asian developing countries (i.e., China, Iran, and Turkey) having some of 

the most populated cities in the world and an increasing need for additional energy (Ameyaw 

& Chan, 2015; Schaufelberger & Wipadapisut, 2003; A. Shrestha et al., 2017). 

Similarly, the PPP literature has devoted a significant contribution to facilitating 

financing mechanisms for developing countries (P25) as a meaningful constituent for SDG 10 

(target 10.b). Developing countries have conducted significant research on PPPs in Africa (e.g., 

Egypt, Ghana, Nigeria, and South Africa) (Askar & Gab-Allah, 2002; Babatunde et al., 2015; 
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Kwofie et al., 2019); Asia (e.g., Bangladesh, China, India, Iran, and Turkey) (Attarzadeh et al., 

2017; Mahalingam, 2010); Europe (e.g., Bosnia Herzegovina, Serbia, Bulgaria, Poland, 

Romania, and Macedonia) (Carpintero, 2010); and America (e.g., Brazil, Colombia, Chile, and 

Mexico) in order to advance the successful implementation of PPPs (Carpintero & Gomez-

Ibañez, 2011; Castelblanco, Guevara, Mesa, et al., 2022; Castelblanco & Guevara, 2020; de 

Castro Silva e Neto et al., 2019). 

3.6 THEORETICAL AND PRACTICAL CONTRIBUTIONS 

This study offers multiple contributions to academics and practitioners in the PPP field: 

First, although academics have conducted incipient research on the link between 

sustainability and PPPs through the SDGs (Berrone et al., 2019; Maslova, 2020), this study 

assesses the intensity of the link between PPP research and each of the SDGs. Second, the 

public sector practitioners may use the findings of this study to purposely design PPP policies 

that incentivize specific SDGs depending on the specific sustainability needs of each country. 

Third, this study also contributes to the sustainability-PPP field by identifying the research 

epicenters for specific SDGs. In this regard, PPP research contributing to SDGs 3, 4, 16, and 

17 has been led by former British Commonwealth territories while the PPP studies related to 

SDGs 6, 7, 8, 11, 12, 13, 14, and 15 have been mostly developed in Asian developing countries. 

Consequently, academics and practitioners may consider these epicenters to purposely 

establish international cooperation networks that promote the transfer of theoretical and 

practical lessons useful to leverage the implementation of these SDGs.  

3.7 CONCLUSIONS 

Multiple analyses on literature reviews have been developed in the PPP field to date. 

However, the intrinsic relationship between general research topics and sustainability has not 

been explored yet. This study aims to be a pioneer to fill this gap by exposing these 

relationships that are bridged by the achievement of specific SDGs.  

The conducted analysis shows that the relationship between PPP topics and 

sustainability is multidimensional and is mediated by 16 out of the 17 SDGs. However, the 

intensity of these relations is heterogeneous and four SDGs (i.e., 8, 9, 16, and 17) act as critical 

bridges, representing 51 out of the 169 sustainability targets. The importance of such SDGs 

(and their associated targets) implies that their multiple independencies with the PPP body of 

knowledge can be examined through economic, social, and environmental perspectives.  
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The preponderance of the SDGs and sustainable targets that were analyzed 

demonstrates how these can act as reference points for gaining a deeper understanding of 

sustainability within the PPP body of knowledge. In this context, the economic, social, and 

environmental dimensions of sustainability expose three lines of research that are essential not 

only to strengthen PPP development but specifically to counterbalance current inhibitors 

opposing sustainability.  

The first avenue relies on the economic dimension of sustainability and its close 

connection to SDGs 8 and 17, which are mediated mainly by sustainable targets 8.2, 17.1, 17.3, 

and 17.5. These relationships highlight the relevance of obtaining sufficient economic benefits 

for public agencies and suitable financial performance levels for private partners. Based on 

that, the economic sustainability of PPPs relies significantly on addressing potential multi-

dimensional impacts (P42) and social legitimacy issues (P41) across project life cycles. In this 

sense, uncertainties associated with debt-related conditions, construction expenditures, and 

operation costs in PPP projects can potentially threaten the private sector’s financial 

expectations and jeopardize projects’ bankability.  

In this context, the economic sustainability of PPPs depends on the private sector’s 

financial performance considering the occurrence of financial and non-financial uncertainties 

(P45). Private partners must comprehensively understand the financial implications of diverse 

and complex scenarios for PPPs to prioritize suitable strategies for optimizing revenues and 

expenditures across projects’ life-cycle phases. Furthermore, the private sector’s decision-

makers must be aware of the systemic relations between sources of payment (e.g., user fees 

and availability payments), financing variables (e.g., interest rates and repayment periods), and 

investment parameters (e.g., CAPEX and OPEX), in conjunction with their implications for 

PPP life-cycle costs. This understanding is essential to avoid governance-related difficulties 

(P34) such as renegotiations, which may increase public subsidies or operational periods, 

affecting public institutional frameworks across jurisdictions in both industrialized and 

developing countries (P25).  

The second avenue is linked to the social dimension of sustainability and is closely 

related to SDGs 16 and 17 through sustainable targets 16.5, 16.6, 16.7, 16.8, 16.10, 16.a, 17.9, 

17.16, and 17.18. These sustainable targets expose that PPP performance relies significantly 

on public institutions and their relationships with society, especially in developing countries. 

The public sector requires the enhancement of specific attributes associated with possessing 

the sufficient capacity for PPP development and having public entities to limit corruption 

practices (P35 and P47). This helps to foster the involvement of key international stakeholders 
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such as debt providers and sponsors, which are essential for developing meaningful long-term 

PPP programs. Simultaneously, the success of PPPs also requires proper social involvement 

and perception derived from public accountability, public access to information, and 

participatory decision-making. In this regard, the development of social legitimacy is a 

prerequisite for the social sustainability of PPPs. Consequently, understanding the social 

dimension of sustainability (P76) in PPPs is necessary to redirect the discussion towards social 

legitimacy challenges (P41) and how to address them, especially in complex economic 

scenarios such as user-pay PPPs in developing countries (P25). 

The third avenue relies on the environmental dimension of sustainability and is closely 

related to SDGs 9 and 17 mediated by sustainable targets 9.1, 9.4, 9.a, 17.7, and 17.19. These 

sustainable targets highlight that the development of sustainable infrastructure, industry, and 

services (P76) requires an understanding of the complex implications of PPPs for the 

environment's socio-economic, cultural, biological, and physical-chemical components. The 

magnitude of the likely environmental consequences of the construction and operation of PPP 

projects must be addressed with suitable mechanisms to assess and prevent such impacts (P42). 

PPPs require assessment tools to promote sustainable development within the project’s 

decision-making processes starting at the early life-cycle phases (P59). However, current 

environmental assessment tools require significant efforts to improve the establishment of 

baseline conditions, prospective impacts, and significant impacts. Moreover, the effectiveness 

of these tools remains unclear, especially in complex urban mega-projects (P80). Although 

substantial efforts have been dedicated to defining the effectiveness of these assessments 

theoretically, there is still missing research oriented toward providing decision-makers with a 

multidimensional assessment of the effectiveness of these processes in PPP mega-projects. 

Overall, despite its results and contributions, this study is limited in diverse ways. First, 

the scope of this study was focused on identifying general connections between sustainability 

and PPP rather than causalities. Further research can focus on identifying causalities, which 

can be useful for methodologies for analyzing complex relations such as System Dynamics. 

Second, this study used a qualitative approach to identify the relationship between PPP 

thematic keywords and SDGs/sustainable targets. Future research may complement this 

approach by adopting quantitative or semi-quantitative approaches. Clearly, the PPP-

sustainability body of knowledge is an incipient research field that requires further devotion to 

research efforts to address multiple challenges in the next few years. 
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CHAPTER 4 – FINANCIAL DYNAMIC MODEL FOR TOLL 

ROAD PPPS: A LIFE-CYCLE ANALYSIS3 
 

The first research stream of Perspective 2 of this Dissertation is focused on the 

economic dimension of sustainability of PPPs by employing system dynamics ideas and 

information from two real-world case studies for understanding the impact of interventions and 

drivers that concessionaires should prioritize to tackle financial performance in each of the 

project phases.  

4.1 ABSTRACT 

The success of toll road public-private partnerships (PPPs) relies significantly on 

addressing uncertainties related to traffic demand, debt-related conditions, construction 

expenditures, and operation costs. This paper introduces a financial model to assess suitable 

alternatives for the concessionaire addressing financial underperformance without contract 

renegotiations considering potential cost and revenue performance alterations under a life-

cycle perspective in toll road PPP projects. This financial model allows, from the private sector 

lens, to understand the relations between sources of payment (e.g., user fees), financing 

variables (e.g., interest rates and repayment periods), and costs (e.g., capital expenditures and 

operational expenses) in a life-cycle perspective. Moreover, this model seeks to propose 

suitable alternatives to address financial underperformance by avoiding renegotiations that may 

increase public subsidies or concession periods. This model is a tool for the private sector to 

gain insight into proactive planning of strategic actions to restore financial performance. The 

model was validated by the financial data from two toll road PPPs in India, and East Europe. 

Simulation results suggest that two single drivers (i.e., capital expenditures and debt repayment 

period) have the greatest influence on financial performance. This model is a suitable tool for 

assessing the life-cycle economic sustainability of PPPs in uncertain and complex 

environments. 

 
3 The work of this Chapter was summarized in the article “Financial Dynamic Model for Toll Road 

PPPs: A Life-Cycle Analysis” by Gabriel Castelblanco and Jose Guevara. This paper is currently under 

review in the ASCE Journal of Management in Engineering. 
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4.2 INTRODUCTION 

The literature recognizes that the public-private partnership model (PPP) is a suitable 

delivery method for reducing fiscal pressure on governments, allowing them to leverage on 

private sector’s efficiencies within project finance principles (Damnjanovic et al., 2016; 

Higham et al., 2017; Reeves et al., 2017; Yescombe, 2014). Under this scheme, the public 

sector overcomes short-term budget constraints by transferring finance, build, maintenance, 

and operation responsibilities to private partners (Buyukyoran & Gundes, 2017; Vassallo et al., 

2015). In turn, the private sector benefits from long-term financial returns, satisfying investors’ 

and lenders’ expectations (Ashton et al., 2012; Damnjanovic et al., 2016; Reeves et al., 2017). 

Besides the potential strengths of PPPs, the success of this kind of delivery 

methodology relies significantly on addressing uncertainties across the project’s life-cycle and 

avoiding diminishment of the private sector’s expected financial returns (Castelblanco, 

Guevara, & Mendez-Gonzalez, 2021; Castelblanco, Guevara, Mesa, et al., 2022; Damnjanovic 

et al., 2016; De Marco et al., 2017; Nguyen, 2017; Rojas et al., 2020). Uncertainties associated 

with debt-related conditions, construction expenditures, and operation costs in PPP projects 

can potentially threaten the private sector’s financial expectations and jeopardize projects’ 

bankability (i.e., lenders’ willingness to finance PPPs after due examination of their related 

returns and risks) (Castelblanco et al., 2020; Nguyen, 2017). These conditions are particularly 

relevant for toll road PPPs, as they incorporate traffic demand as an additional uncertainty for 

revenues throughout all their life-cycle (Carpintero et al., 2015; Castelblanco, Guevara, Mesa, 

et al., 2021; Flyvbjerg et al., 2007). 

In this context, the economic sustainability of toll road PPPs relies significantly on the 

private sector’s financial performance when uncertainties take place (de Albornoz & Soliño, 

2015). For toll road PPPs, private partners must comprehensively understand the financial 

implications of diverse and complex scenarios to prioritize suitable strategies for optimizing 

revenues and expenditures across projects’ life-cycle phases (Yuan et al., 2019). To do so, the 

private sector’s decision-makers must be aware of the relations between sources of payment 

(e.g., user fees), financing variables (e.g., interest rates and repayment periods), and investment 

parameters (e.g., capital expenditures and operational expenses), in conjunction with their 

implications for PPP life-cycle costs (Ho 2006). 

Although researchers recognize the importance of adopting simulations for developing 

PPP financial models (Bae et al., 2019; Ho, 2006; Jin et al., 2020; Liang et al., 2019; Shalaby 

& Hassanein, 2019; Xiong et al., 2016; Xiong & Zhang, 2014), there is little evidence of studies 
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incorporating such perspectives into a life-cycle approach while considering uncertainty 

scenarios and bankability criteria. For example, Ullah et al. (2018) established a financial 

model but did not incorporate the debt and financial costs into their calculations and its scope 

was reduced to determine the concession period neglecting key drivers for bankability such as 

the debt service coverage ratio. In the same way, Yuan et al. (2019) focused exclusively on 

modeling the concession period and public subsidies without considering bankability factors 

or uncertainty effects on construction or operation costs. Overall, there is missing a financial 

model approach to assess the financial consequences of critical factors across all the PPP 

phases integrating a life-cycle perspective. 

 This study develops a financial model that enables the assessment of suitable 

alternatives for the concessionaire addressing financial underperformance considering 

potential cost and revenue performance alterations under a life-cycle perspective in toll road 

PPPs. The model proposed uses life-cycle and systems-related concepts and is conducted from 

the concessionaire’s standpoint, seeking to propose suitable alternatives for addressing 

financial underperformance while avoiding renegotiations that may increase public subsidies 

or concession periods. Accordingly, this study explores how the dynamics related to traffic, 

financing costs, capital expenditures (CAPEX), and operational expenses (OPEX) influence 

the concessionaire’s life-cycle financial performance on toll roads. For doing so, a financial 

model is developed with the overarching principles of life-cycle costs assessment (LCCA) and 

project finance. The proposed model is validated with two different toll road PPP projects in 

India and East Europe. Results examine diverse underperformance scenarios affecting financial 

drivers in each of the PPP project phases and offer insights into suitable concessionaire 

financial strategies.  

 Overall, the proposed financial model is a tool for gaining insight into designing real-

time strategic actions and facilitating proactive planning efforts useful when facing potential 

underperformances during the long-term life-cycle of complex PPP projects, by decoding 

multiple interacting feedback processes to self-correct or self-reinforce specific behaviors 

within complex systems. The relevance of a life-cycle perspective relies on its capability to 

dismantle the traditional segmented analysis by integrating projects’ phases (i.e., procurement, 

construction, and operation) into a holistic perspective (Bao et al., 2018). 
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4.3 BACKGROUND 

4.3.1 Toll Road PPPs through the Project Finance Lens 

Project finance constitutes the financing mechanism established for PPP infrastructure 

projects worldwide (Yescombe 2014). Under a project finance mechanism, a legally 

independent project company, commonly called concessionaire or special purpose vehicle, is 

created for financing the required investment in a single-purpose capital asset (i.e., the PPP 

project) (Higham et al. 2017). This project company is financed with equity from sponsoring 

firms and nonrecourse debt within the concession period (Weber et al., 2016). Under project 

finance principles, the investment return relies on PPP revenues to generate cash flow during 

the concession period (Higuchi, 2019). 

Based on the payment mechanisms, there are two main alternative road PPP models, 

namely, service-fee and usage-based payments. A service-fee road PPP establishes its payment 

source in the public sector based on the operational availability of the infrastructure during the 

life-cycle (i.e., availability payments) (Yescombe and Farquharson 2018). Conversely, a usage-

based payment PPP relies on user payments (e.g., toll roads) (Grimsey & Lewis, 2004; 

Yescombe & Farquharson, 2018). The increase in fiscal pressure and public budget constraints 

worldwide has led to a growth in the toll road as the preferred type of PPPs for developing 

highways in several developing and developed economies (Carpintero et al. 2015).  

Toll road PPPs require high leverage through long-term debt financing to avoid 

excessive return rate requirements and because of their long-term life-cycle (Marcellino et al., 

2022b; Yescombe, 2014). The financial structure of toll road PPPs relies on project finance 

principles for raising the required long-term debt against the project’s cash flow. Under project 

finance, the special purpose vehicle (i.e., the concessionaire) borrows the required debt based 

on the expected cash flow of the toll road, in contrast to conventional finance where a company 

borrows debt based on its historical cash flows, balance sheets, and income statements (Weber 

et al. 2016; Yescombe 2014).  

Toll roads’ financial structure relies on the project’s payment sources (i.e., user payments and 

public subsidies) and funding sources (i.e., equity and debt). Consequently, a financial structure 

based on project finance principles should be able to assess the cash flows required for 

guaranteeing CAPEX, OPEX, financial repayments, and equity return at a concessionaire’s 

rate of return, under pre-established risk allocation conditions (Higham et al. 2017; Higuchi 

2019; Weber et al. 2016). 
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4.3.2 Financial Models and LCCA in PPPs 

Financial models are suitable tools for assessing projects’ financial performance 

considering uncertainty and the stakeholders' interests (Kurniawan et al., 2015; Ottaviani & De 

Marco, 2021). The need for PPP financial models has increased as the investment in this project 

delivery strengthened during the last three decades (A. Kumar et al., 2021). Moreover, financial 

models have increasingly focused the attention of researchers, especially after the 2008 global 

financial crisis (Kumar et al. 2021). Moreover, financial models able to assess uncertainty 

scenarios are required increasingly to face global crises such as the pandemic aftermath. 

Traditionally, PPP financial models lack a life-cycle perspective and used to be focused 

on providing assessments for specific project phases. The most common PPP financial models 

are focused on the feasibility stage to set the concession period, capital structure, or revenue 

model (Hanaoka & Palapus, 2012; Khanzadi et al., 2012; Ma et al., 2018). Financial models 

also are frequently focused on the operation phase, especially to establish ex-post 

renegotiations because of the private sector’s bankruptcy or the government’s unilateral 

modifications (Gong & Tian, 2012; Xiong & Zhang, 2014).  

For the feasibility stage of PPPs, researchers have proposed financial models to 

establish an optimal concession period. Several models have been focused on determining 

optimal concession periods based on approaches such as bargaining game theory (Ma et al. 

2018), real options (Ma et al. 2018), Monte Carlo simulation (Hanaoka and Palapus 2012), and 

fuzzy logic (Khanzadi et al. 2012). Nevertheless, these models only establish the optimal 

concession period rather than providing decision-makers with alternatives to tackle 

uncertainties once the procurement phase has finished.  

For the implementation and operation phases of toll roads, previous financial models 

have been focused on renegotiations. These models have been focused on assessing 

renegotiation alternatives in PPPs based on approaches such as net present value (Bae et al. 

2019; Shalaby and Hassanein 2019),(Shalaby and Hassanein 2019) time series analysis (Xiong 

and Zhang 2014), game theory (Ho 2006; Jin et al. 2020; Liang et al. 2019), and real options 

(Xiong and Zhang 2016). However, these models are focused only on assessing alternatives by 

increasing the public subsidies or the concession period, which results in detrimental effects 

for the public sector or the users.    

PPPs require comprehensive models capable of providing decision-makers with tools for 

addressing financial performance uncertainty in any project phase before recurring 

renegotiations that imply increasing payments from the public sector or the users. LCCA is a 
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suitable approach for this purpose because it considers thoroughly the costs and revenues in 

each of the phases of the project (Farr & Faber, 2019). To maximize the financial performance 

of a project, LCCA is suitable for assessing pre-operative, building, maintenance, operation, 

and end-of-life costs, considering revenues, funding, and capital costs considering the whole 

life cycle (Berawi et al., 2018; Padgett & Tapia, 2013). 

4.3.3 Previous System Dynamics in the PPP Field 

Previous simulation models have been focused mainly on establishing the concession 

period or price of PPP projects. As a result, these simulation models are focused primarily on 

the feasibility stage to establish an optimal concession period/price rather than offering 

alternatives for life-cycle underperformance (Ng et al., 2007; Tavakoli & Hosseini Nourzad, 

2020; Yihua et al., 2010; Y. Zhang et al., 2020).  Overall, previous simulation models have 

been focused on assessing the influence of potential future uncertainties on the concession 

period/price.  

Yihua et al. (2010) developed a Monte Carlo simulation to calculate the value of 

governmental support based on a range of the internal rate of return. However, this simulation 

model neglects to consider uncertainty in the CAPEX, OPEX, or debt conditions. Tavakoli and 

Hosseini Nourzad (2020) proposed a pricing simulation model that considers uncertainty and 

social benefits in PPP projects. Nevertheless, this simulation model is restricted to the 

feasibility phase and offers no alternatives to address further financial underperformance for 

ongoing projects. 

Ng et al. (2007) analyzed the impact of potential changes in operation cost, traffic flow, 

and inflation rate on the concession period. However, this simulation model is restricted to a 

hypothetical rather than a real example and lacks in considering uncertainty related to the 

construction costs and debt conditions. Zhang et al. (2020) developed a simulation model for 

the public sector to choose a financial strategy for PPPs affected by capital limitations. 

Nevertheless, this simulation model is limited to analyzing the impact of uncertainty of one 

isolated driver (i.e., financing). However, there is missing a simulation model approach to 

assess the financial consequences of critical factors across all the PPP life-cycle integrating an 

LCCA perspective.   

4.4 METHODOLOGY 

This study develops a simulation model for assessing suitable alternatives for the 

concessionaire addressing financial underperformance considering potential cost and revenue 
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performance alterations under a life-cycle perspective in toll road PPPs. The adopted 

methodological process uses system dynamics concepts to generate the simulation model 

(Sterman, 2000), whose structure and mathematical formulation rely on project finance, and 

LCCA premises. A policy analysis was developed to improve the understanding of the main 

drivers that interact and affect the concessionaire’s equity flow in a complex way from a LCCA 

lens by conducting counter-factual experiments. The model was assessed on real case study 

data from Europe and India. 

This study developed a five-stage methodology as shown in Fig. 4-1. First, a 

comprehensive literature review was conducted aiming to identify the problem. The next two 

stages relied on a thorough review of relevant literature focused on project finance for the 

development of a causal loop diagram, the stock and flow diagram, and the quantitative model 

equations development. Fourth, once the formulation of the model was completed, the model 

was assessed twofold, based on real case study data from India and East Europe. Both real case 

study data were employed for statistical testing including Theil’s inequality for assessing the 

model’s capacity to represent real data by capturing the trends and the mean of real historical 

data, instead of bias or unequal variations. Finally, a policy analysis was conducted for 

proposing a life-cycle perspective considering an LCCA literature review. 

 
Figure 4-1. SD Model’s Stages, Activities, and Data Sources 

4.4.1 Data Sources  

To expose the links between financial drivers and their mathematical relations, a 

literature review was conducted. The search included PPP-based terms (i.e., concession, PFI, 

private finance initiative, toll road, build operate transfer, BOT, Public Private Partnership, 

P3, PPP), LCCA-related terms (i.e., LCCA, life-cycle costs assessment, life-cycle analysis), 

and project finance-related terms (i.e., project finance, financing, traffic, equity, capital, and 
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subsidy, as shown in Table 4-1. This search was focused on the Scopus database between 2008 

and 2020. This timespan was chosen purposely to consider manuscripts after the global 

financial crisis in 2008 because of the meaningful incorporation of impacts of unprecedented 

uncertainty on the financial drivers, which has been significantly highlighted by researchers 

(Castelblanco, Guevara, & Salazar, 2022; Levitt et al., 2009; Owolabi et al., 2019; Reis & 

Sarmento, 2017; Tserng et al., 2014). The search strategy resulted in 156 publications. 

Unrelated research areas were excluded from the search (e.g., History, Evolutionary Biology, 

Environmental Sciences Ecology), resulting in the removal of 98 publications, remaining 58. 

Finally, a screening process was conducted to remove the manuscripts unrelated to the goal of 

this research by reading the titles and abstracts, resulting in 40 remaining publications. The 

scientific literature regarding the financial drivers resulted in 40 papers including case studies, 

financial models, and theoretical approaches as shown in the Supplemental Material (Appendix 

B). Specifically, Section 1 of the Supplemental Data shows the references that support each 

link in the CLD, and Section 4-1 (Figure 4-S1) shows the SD models analyzed in extant 

literature previous to the development of the simulation model. 

Table 4-1. Search Strategy 

Steps Description 

Keywords 

and Boolean 

expression 

(ALL (("concession"  OR "PFI"  OR "private finance initiative"  OR "toll road"  OR "build 

operate transfer"  OR BOT OR "public private 

partnership" OR  “P3”  OR “PPP”)  AND (LCCA  OR "life-cycle cost assessment" OR “life-

cycle analysis”) AND (“project finance” OR financing OR capital OR traffic OR equity 

OR subsidy)) 

Timespan 2008-2020 

Databases Scopus & Web of Science 

 

Once the scientific literature was analyzed, one of the most significant challenges for 

the data collection was obtaining financial data from real PPP projects for validation purposes. 

This is not a minor issue given the lack of transparency of financial data of PPP projects, as 

evidenced by several academics and practitioners (Agyenim-Boateng et al., 2017; 

Castelblanco, Guevara, & Mendez-Gonzalez, 2022b; Guevara, Garvin, et al., 2020). The 

authors gathered financial data from two real PPP projects, the road to Kolkata NH-34 (Yog & 

Eppler, 2017) and a BOT toll road in Eastern Europe (Toolkit for Public-Private Partnerships 

in Highways, 2008). These data sets were chosen because they included consistent data 

regarding the project’s debt, and the concessionaire’s equity cash flow as a reference for the 

model outputs, so as the complete input parameters required for the model and improving 

model formulation for including increasing debt tranches, vehicles categories, and the number 
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of tolls, among others. A twofold validation process contributed to strengthening the model’s 

reliability, considering the different configurations of each project. 

The Indian project (Project 1) has a concession period of 25 years including 3 years of 

the construction phase (Table 4-2). This road had an initial overall traffic volume of almost 

15,000 vehicles per day distributed in two tolls, each including six categories of vehicles. The 

CAPEX of US 425 million was financed by 18% with private equity, 32% with public 

subsidies, and the remaining 50% with loans.  

The Eastern Europe project (Project 2) has a concession period of 50 years including 4 years 

in the construction phase (Table 4-2). This project has a debt structure more complex than the 

Indian project because the debt is composed of three different tranches each with different 

interest rates, grace periods, and repayment periods. Conversely, the traffic structure of this 

project is simpler than the Indian project because there are only two categories of vehicles in 

one toll, whose initial overall traffic volume is 10,000 vehicles per day. This PPP project does 

not consider public subsidies; consequently, the CAPEX of US 687.5 million was financed 

10% with private equity and the remaining 90% with loans. 

4.4.2 Simulation Model Definition 

To propose suitable alternatives for addressing financial underperformance, the 

financial model proposed in this study employs a simulation approach for revealing the 

complex relations among the most significant drivers of the concessionaire’s equity flow, based 

on an LCCA perspective. This model examines the relationships between multiple 

simultaneous feedback loops that can re-balance the concessionaire’s equity flow 

underperformances through the life cycle avoiding renegotiations. This approach allows 

modeling and simulating of this system to obtain scenarios that feed redesign policies into PPP 

programs. 

The simulation model examines the financial performance of the toll road considering 

the benefits, pre-operative costs, depreciated costs, financial, and operation and maintenance 

(O&M) costs to assess alternatives for re-equilibrate the concessionaire’s equity flow during 

the PPP life-cycle under potential underperformance scenarios. The LCCA approach allows 

the concessionaire to assess the financial implications of multiple scenarios to define suitable 

strategies for optimizing their financial returns. From the perspective of the private sector, the 

concessionaire’s equity flow can be written mathematically in this study under an LCCA 

perspective in the following form (Sánchez-Silva & Klutke, 2016): 
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𝑍(𝐩) = ∑
𝐵(𝐩)−𝐶0(𝐩)−𝐶𝐿 (𝐩)

(1+𝐼𝑅𝑅)𝑡
𝑡𝑠
𝑡=0                         (4-1) 

Eq. (4-1) defines the concessionaire’s equity flow objective function as a function of 

the benefits, costs, and the internal rate of return during the concession life-cycle. The term 

𝐵(𝐩) is equivalent to all the benefits expected from the existence of the project. The term 𝐶0(𝐩) 

indicates the CAPEX (i.e., planning, designing, and construction) and 𝐶𝐿 (𝐩) is equivalent to all 

the financial and OPEX costs. The vector parameters 𝐩 represents the decision variables, 𝑡𝑠 is 

equivalent to the project lifetime (i.e., concession period), and IRR the concessionaire’s 

indicates the internal rate of return. 

From the perspective of the concessionaire, the decision objective is to reach a non-

negative Z(p) at the end of the concession period. Moreover, to calculate the benefits expected 

[B(p)], the CAPEX [Co(p)], and the Financial & OPEX costs [CL(p)], the model comprehends 

more than 120 equations. The underlying mathematical formulation of the model is presented 

in the Supplemental Material [Table 4-S5]. 

4.4.2.1 Causal Loop Model  

The simulation model was built using a system dynamics-based software (Vensim) that 

allows for depicting causal loop models that use arrows as links that represent causal influences 

to display the impact of one variable upon another to trace causal relationships among variables 

(Sterman 2000). The polarity in each causal link shows whether the relationship between the 

variables connected varies in the same direction (i.e., positive polarity) or behaves in contrary 

ways (i.e., negative polarity) (Sterman 2000). Moreover, variables can be linked to form closed 

loops, indicating a feedback structure that can be either reinforcing (R) or balancing (B) 

(Sterman 2000).  

Causal loops are suitable tools for depicting the underlying structure of influencing 

elements through feedback loops. These loops are useful to improve the understanding of the 

behavior of the systems. To create the financial model, the causal interactions between the 

drivers were examined to create the causal loop diagram presented in Fig. 4-2. This causal loop 

allows concessionaires to understand the complex relationships between financial drivers 

through the PPP life-cycle. Each of the links within the causal loop is supported by the literature 

review conducted. This causal diagram was useful as a basis for the simplified version of the 

diagram shown in Fig. 4-4. 
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Figure 4-2. Simplified Causal Model and Feedback Loops 

 

The causal loop depicts one reinforcing loop (R) and four balancing loops (B) 

explaining the main suitable alternatives for adjusting financial gaps under uncertainty. Each 

of them is focused on specific project phases in the life-cycle costs of PPPs. These costs can 

be modified by the concessionaire through different scenarios: B1 is focused on the 

construction phase where the financial performance of the concessionaire will be reflected on 

the CAPEX, which implies that the concessionaire will increase its efforts to achieve efficiency 

in the construction activities, under a negative Equity Discrepancy aiming for compensating 

and avoiding cost overruns.  B3 is focused on the operation phase, therefore, if there is a 

negative Equity Discrepancy the concessionaire will acknowledge an increasing Need for 

OPEX reduction, which can be achieved through increased efficiencies and by taking 

advantage of innovative maintenance strategies.  

B2 and B4 are focused on the financing conditions (i.e., Repayment Period and Interest 

Rate) negotiated by the concessionaire in the shaping phase, which in some cases can be 

renegotiated once the construction phase has been accomplished and the risk is lower if the 

project is under financial stress. Therefore, these balancing loops show that when there is 

underperformance in the Free Cash Flow to Equity leads to a higher Equity Discrepancy, which 

will trigger the increase of the efforts invested by the concessionaire in renegotiation  (Cruz & 
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Marques, 2013a; Guasch, 2004). In B2 the Concessionaire’s Effort for Debt Renegotiation 

leads to an increase in the Repayment Period (Demirag et al., 2015), which aims for reducing 

the yearly Principal Repayment. Alternatively, in B4 the Concessionaire’s Effort for Debt 

Renegotiation may result in a lower Interest Rate (Yescombe & Farquharson, 2018), which 

reduces Debt Service. In either case, the yearly Financial Cost and Taxes drop and, 

consequently; the yearly Free Cash Flow to Equity escalates. Extant literature establishes that 

when a PPP is under a significant financial underperformance (i.e., high Net Equity 

Discrepancy), the concessionaire invests increasing efforts in renegotiating debt conditions to 

reduce Interests to be paid during the life cycle (Demirag et al. 2015). The lenders may be 

willing to decrease the Interest Rate for PPPs under significant financial stress in B2 to avoid 

the project’s bankruptcy which may constitute higher detrimental aftermath (Yescombe and 

Farquharson 2018). Alternatively, under a floating interest rate scheme, projects with no 

significant financial stress (i.e., low Net Equity Discrepancy) may face an increasing Interest 

Rate according to updated current-market rates (Zhang 2005). 

R1 is the traditional support from the public sector through increasing subsidies to 

compensate for financial underperformances out of the risk allocated to the private partner. 

Moreover, R1 allows for depicting the undesirable behavior of renegotiations triggered by 

CAPEX increases (Marcellino et al., 2022a). This kind of renegotiation looks for higher 

Subsidies to compensate and even, in extreme cases, exceed the CAPEX increases. This 

undesirable behavior is related to the unbalanced profit pool syndrome, which refers to a PPP 

profit pool skewed to the construction contract returns in the short term (Ho et al. 2015). Given 

the significant financial leverage in project finance projects, PPP promoters focused on short-

term construction returns as a main priority. 

4.4.2.2 Multiple Interpretations on Causal Structures 

The comprehensive literature review conducted for building the causal loop diagram 

resulted occasionally in apparent conflicting interpretations of causal structures. Previous 

literature has dealt with these mapping issues by establishing the crucial role of the authors’ 

interpretation in resolving them (Kim, 2009; Yearworth & White, 2013). Two potential coding 

issues have been identified in extant literature. The first issue focuses on potential 

disagreements in the direction and/or polarity of the causal relationship among scholars. The 

second mapping issue is related to heterogenous inferences about the same causal relationship. 

For instance, one scholar may argue that A and B are linked through C, and another researcher 

may support the idea that A and B are connected through D.  



92 

 

Overall, this research dealt mainly with the first mapping issue. One eloquent example 

of a causal relationship that can be either detrimental or beneficial is found in the link between 

“CAPEX” and “Free Cash Flow to Equity” (Fig. 4-3). To solve this issue, each of the 

perspectives was documented to confirm the perspectives. After conducting a review of the 

literature, it was established that the causal link was derived from two different causal 

structures. The former establishes that higher "CAPEX” will result in detrimental “Free Cash 

Flow to Equity”. The latter reflects the unbalance profit pool syndrome skewed to the short-

term profits derived from the construction contract returns. Under this syndrome, the PPP 

promoter aims for prioritizing short-term construction returns as a top priority, which often led 

to investing significant efforts in litigation to get increasing subsidies when there are CAPEX 

increases (Ho et al., 2015). In extreme cases, these increased subsidies derived from may 

potentially be able to rise equity’s return. 

 

Figure 4-3. Example of Mapping Issue (Adapted from Guevara et al. 2020) 

4.4.2.3 Model Components 

Based on the causal model shown previously, the stock and flow SD model was 

developed (Fig. 4-4). Four main components are nested within the SD model influencing the 

Free Cash Flow to Equity according to eq. (4-1). The benefits component increases the Free 

Cash Flow to Equity according to the payment and financing sources. The CAPEX component 

depletes the Free Cash Flow to Equity during the construction period according to the planning, 
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designing, and construction costs. The financial costs and taxes component reduces the Free 

Cash Flow to Equity according to the debt costs (including different debt tranches) and the 

taxes (including the depreciation). The last is the OPEX component that diminishes the Free 

Cash Flow to Equity according to the fixed and variable operation costs. 

 
Figure 4-4. Simplified representation of SD model 

4.4.2.4 Model Parameters 

The financial model relies on several exogenous parameters including general, toll, 

traffic, CAPEX, debt, and OPEX parameters. The main parameters for each of the two projects 

employed for the validation are shown in Table 4-2. . Detailed information from each of the 

projects was collected from World Bank and Harvard Business School (Toolkit for Public-

Private Partnerships in Highways 2008; Yog and Eppler 2017). The complete list of variables, 

equations, and parameters is provided in Supplemental Material Section 5 (Appendix B Tables 

4-S4 and 4-S5). 

Table 4-2. Exogenous Parameters  

Parameter Project 1 Project 2 Units 

Concession Life 25 50 years 

Highway Length 200 125 km 

Traffic Growth [3.2-7.2] 3 % 
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Initial Daily Traffic  [0.005-2.585] 5 k Vehicles/day 

Toll rate/km  [0.011-0.079] [0.13-0.25] USD/km 

Construction Period 3 4 years 

Construction Cost per km 2,125 5,500 kUSD 

Interest Rates 10.75 [4-5] % 

Repayment Period  18 [10-20] years 

Grace Period 1st Tranche 5 [5-6] years 

Heavy Maintenance 

Period 

5 8 

/years 

Variable Operation Costs  -  [0-0.6] USD/Veh 

IRR of the Equity 18 16 % 

4.4.2.5 Uncertainty Assessment 

This study recognizes the impact of uncertainty on the flows affecting the 

concessionaire’s Free Cash Flow to Equity (i.e., Benefits, CAPEX, OPEX, and Financial 

Costs & Taxes). There are multiple approaches to assess uncertainty such as the direct 

variance method, GLUE, and Monte-Carlo simulation, among others. This study choose 

sensitivity analyses based on Monte-Carlo simulation as shown in Appendix B section 4-5. 

4.5 STATISTICAL VALIDATION 

Despite the complexity of the financial model, it is, like all the models, a simplification 

of reality. Consequently, the model should be validated and evaluated carefully according to 

its intended purpose. To gain confidence regarding the model’s usefulness, the model was 

validated based on several confidence tests recommended such as behavior reproduction, 

sensitivity analysis, integration error, extreme conditions, parameter assessment, dimensional 

consistency, structure assessment, and boundary adequacy (Sterman 2000).  Section 4-5 in 

Supplemental Material (Appendix B) contains further information on model sensitivity 

analysis of the estimated parameters. For the validation tests, Vensim ® DSS 7.3.5 was 

employed. Behavior reproduction allows for testing if the model reproduces the behavior of 

the real system. This test was focused on both stocks of the system –Free Cash Flow to Equity 

and Debt – in nominal terms. 

Furthermore, a statistical test was conducted to assess the capacity of the model to 

represent real data based on indexes, such as the root mean square error (RMSE), the coefficient 

of determination (R2), and Theil’s inequality. The former is the most widely used index of fit, 

which is the square of the correlation coefficient (R) that measures the degree to which two 

series covary. RMSE provides a measure of the error weighting large errors much more heavily 

than small ones. Theil inequality decomposes the error into three components, namely, bias 
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(UM), unequal variation (US), and unequal covariation (UC). The use of these statistics is 

recommended because it is able to recognize the sources of error separately to identify potential 

systematic errors that may impede the model from capturing properly the behavior of the real 

system. 

The statistical test results for both PPP projects are depicted in Table 4-3. The model 

behavior follows trajectories that have an R2 coefficient up to 0.88 for both variables, which 

are values closer to one. Additionally, Theil inequalities show that most of the error for each 

of the variables lies in UC. This behavior implies that the model effectively captures the trends 

and the mean of the historical data, with deviations only point by point. These deviation trends 

demonstrate that the agreement between historical data and the model is sound because most 

of the error is non-systematic, and is derived from a random component of historical data 

(Sterman 2000). Consequently, the model captures properly the behavior of the real system. 

 

Table 4-3. Statistics for assessing model fit to data  

Indicator 

Project 1 Project 2 

Free Cash Flow 

to Equity 
Debt 

Free Cash Flow 

to Equity 
Debt 

R2 0.9417 0.8868 0.9232 0.997 

RMSE 8,088 32,780 6,862 14,620 

Bias (UM) 0.3401 0.1338 0.0909 0.2055 

Unequal variation (US) 0.3076 0.1568 0.3162 0.0378 

Unequal covariation (UC) 0.3523 0.7094 0.5929 0.7567 

4.6 BASELINE SCENARIO 

This model was built based on a project finance formulation, which constitutes the core 

of the financial structure of PPPs (Yescombe and Farquharson 2018). The results of the base 

run simulation are shown in Fig. 4-5, which demonstrates that the simulated results (solid lines) 

follow the historical data (discrete data points). In this scenario, the Debt (green line) increases 

significantly in the short-term during the construction phase, while in the middle- and long-

term decreases until is completely paid once the payment period is finished. Conversely, the 

Free Cash Flow to Equity shows a short- and middle-term declining trend where the Revenues 

are lower than the CAPEX, OPEX, and Debt Repayment but a positive trend drives recovery in 

the Free Cash Flow to Equity in the long-term to reach non-negative values once the concession 

period finishes. 



96 

 

(i) 

 
(ii) 

  
Figure 4-5. Behavior reproduction test for the baseline scenario. (i) Project 1; (ii) Project 2 

 

According to Fig. 4-5, during the first few years, there is a significant decrease in the 

Free Cash Flow. This initial behavior is entirely driven by the CAPEX balancing loop (B1 in 

Fig. 4-2). The CAPEX is entirely financed by equity, debt (B2 & B4), and public subsidies 

(R1). Then, there is a momentary slight improvement in the cash flow in both projects, which 

is produced by the first revenues derived from tolls but the decreasing trend resumes due to the 

debt payments. Once the repayment periods finish, the cash flow increases more slowly as time 

passes because of the attenuation effect of the IRR on the balancing loops B2, B3, and B4 (Fig. 

4-2).  
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4.7 POLICY ANALYSIS 

Multiple simulations were run to assess to what extent the balancing loops identified in 

the financial model can address financial underperformance in realistic scenarios. For this 

purpose, counter-factual experiments were conducted to examine what-if scenarios based on a 

life-cycle perspective. This study distinguishes scenarios from policies by considering the 

scenarios as the underperformance settings derived from alterations of parameters exogenous 

to the concessionaire’s control and policies as the improvement interventions that can be 

conducted by the concessionaire to face these underperformances. This section is organized as 

follows. First, the improvements resulting from the policies proposed are analyzed. Next, the 

underperformance scenarios derived from exogenous risks are presented. Finally, the impact 

of the policies' implementation is assessed on each of the underperformance scenarios. 

4.7.1 Policies based on Concessionaire’s Interventions through the PPP Life-Cycle 

Three policies were established (i.e., P1, P2, and P3) to analyze the concessionaire’s 

interventions in different phases of the project, considering the loops depicted in Fig. 2 (i.e., 

R1, B1, B2, B3, and B4). This helped to establish suitable life-cycle alternatives focused on 

addressing potential underperformance issues in each of the project phases. The policies were 

tested for the whole concession period to assess their impact on the Free Cash Flow to Equity 

and DSCR (i.e., a measure of the cash available to pay the debt obligations, computed as the 

ratio between the net operating income and total debt service). Table 4-4 presents the three 

policies under analysis and Fig. 4-7 shows the impact of the policies on the Free Cash Flow to 

Equity and DSCR.     

P1 is an early proactive policy driven by CAPEX reductions resulting from the increase 

of construction efficiency by the concessionaire in the initial phases of the project. 

Consequently, the concessionaire can activate this policy during the pre-construction phase by 

implementing improvements driven by optimal construction techniques, so as controlling and 

monitoring best practices resulting in a better life-cycle financial performance through the 

balancing loop B1 (Fig. 4-6). This policy considers a CAPEX reduction of 20% from the 

baseline scenario, which is within the range that has been previously considered in the literature 

on financial models for PPPs (Xu et al. 2012). 
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Figure 4-6. Impact of Policy Analysis on the Model’s Feedback Structure 

  

P2 is a reactive policy driven by renegotiating debt conditions with debt providers once 

the construction phase ends. This reactive policy only may be considered to address financial 

underperformance noticed before the operation phase, allowing the concessionaire to balance 

the Net Equity Discrepancy through B2 (Fig. 4-6). This policy is focused on modifying the 

repayment period by adding 4 years, which is suitable for debt providers considering that the 

rate of return of the debt will not be affected. Conversely, this model neglects to consider 

renegotiating the interest rate because of its inconvenience for debt providers and the further 

negative implications for the future of the debt market for PPPs. 

 

Table 4-4. Policies Description 

 Policy adjustments 

Policy action Parameter Baseline 

Test 

Value Units 

P1: Reducing CAPEX Variation Construction Cost/km 0 -20 % 

P2: Renegotiating debt conditions  Variation Repayment Period 0 4 Years 

P3: Reducing OPEX  Variation OPEX per Year 0 -20 % 
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P3 is a late proactive policy driven by OPEX reductions resulting from the 

concessionaire’s strategic decisions during the life-cycle to optimize the operation and 

maintenance costs in the long term. Consequently, the concessionaire can activate this policy 

by implementing improvements driven by considering facilities management efficiency closely 

during the project life-cycle through the balancing loop B3 (Fig. 4-6). This policy considers an 

OPEX reduction of 20% from the baseline scenario, which is within the range that has been 

previously achieved as OPEX savings in multiple PPPs (Reis and Sarmento 2019). 

According to Fig. 4-7, the analysis of the policies implemented over the Baseline 

scenario demonstrated that all of them produced significant improvements in the DSCR and 

Free Cash Flow to Equity for Projects 1 and 2. In respect to the DSCR, P2 allowed Project 1 

to always exhibit values higher than 1.0 across the repayment period. Similarly, P2 helped 

Project 2 to increase its outcomes from 0.81 in year 7 to values above 1.0 after year 10. This is 

important because high DSCR values are required to guarantee both fulfillment of debt 

obligations and profitability (Damnjanovic et al. 2016). On the other hand, in respect to policy 

impacts on the Free Cash Flow to Equity, there are differences in the long- and short-term for 

both projects. While OPEX reductions (i.e., represented by P3) produced the lowest positive 

effect in the long term; P1 generated the highest positive impact across the early stages. These 

behaviors show that short-term financial improvements (B1) must be preferred over long-term 

enhancements (B3), considering that the attenuating effect of the IRR on potential positive 

alterations of financial outcomes increases as time passes. Overall, P2 constituted the most 

effective policy for the improvement of the DSCR in Project 2, while P1 was more effective in 

Project 1. 
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Figure 4-7. Effect of Policies on Outcomes. (a) Cash Flow to Equity Project 1. (b) Cash Flow 

to Equity Project 2. (c) DSCR Project 1. (d) DSCR Project 2  

4.7.2 Scenarios Based on Underperformance Conditions 

Three scenarios were analyzed by considering realistic underperformance issues 

affecting the Free Cash Flow to Equity, namely: worse debt conditions, CAPEX escalation, 

and traffic underperformance. For doing so, base-run values of key exogenous parameters were 

modified to assess their impact on the system outcomes. These outcomes were compared 

against the baseline scenario of Projects 1 and 2, as shown in Table 4-5 and Fig. 4-8 and 4-9. 

Scenario 1 (S1) was established to understand the impact of underperformance on the debt 

arrangement according to the intended conditions. The parameter considered for this scenario 

was the Interest Rate.  S1 considers an Interest Rate increase of 1% from the baseline scenario, 

which keeps the range of this parameter inside the interval of 4% and 12% reported in previous 

literature (Buyukyoran & Gundes, 2017; Feng et al., 2018; J. Liu & Cheah, 2009; Palcic et al., 

2018; Y. Xu et al., 2012; H. Zhang et al., 2018).  

Table 4-5. Simulation Results for the Scenarios 

Type of 

Variable Variable (Project) Units 
Baseline S1 S2  S3  

Parameter Variation Interest Rate % 0 1 0 0 

Parameter Variation Construction Cost/km % 0 0 20 0 

Parameter Variation Initial Daily Traffic % 0 0 0 -20 

Output FCFE (Project 1) kUSD 577 -6692 -40718 -40984 

Output ADSCR (Project 1) Dmnl 1.03 0.93 0.76 0.70 

Output FCFE (Project 2) kUSD 255 -12990 -50313 -56038 
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Output ADSCR (Project 2) Dmnl 0.81 0.81 0.70 0.66 

 

Scenario 2 (S2) considers CAPEX escalations derived from exogenous risks, which is 

significantly different from CAPEX escalations taking place due to the concessionaire’s 

decisions or mistakes. In this sense, this model considers that all the construction risk is 

allocated to the concessionaire and, consequently, no contractual renegotiations would be 

allowed to compensate for this underperformance. This is a suitable assumption in countries 

such as the UK, China, Colombia, and Chile (Bing et al., 2005; Castelblanco et al., 2020; 

Castelblanco & Guevara, 2020; Chan, Yeung, et al., 2010; Ke et al., 2010). Accordingly, for 

this scenario, the CAPEX was increased by 20% from the baseline scenario, which is consistent 

with CAPEX overruns up to 50% found in the PPP literature (Carpintero & Barcham, 2012; 

Ćirilović et al., 2018; Engel et al., 2009; Guasch et al., 2014). 

 
Figure 4-8. Results Baseline vs. Scenarios on the Free Cash Flow to Equity for Project 1 (a) 

and Project 2 (b) 

 

Scenario 3 (S3) was established for understanding the impact of the variations of real 

traffic according to the forecasts. Such discrepancies were modeled by modifying the values of 

Initial Daily Traffic and Traffic Growth.  This implies that the traffic risk is completely 

allocated to the private sector without any traffic guarantees, which is a common traffic risk 

allocation strategy in countries such as Brazil and Mexico (Carpintero et al. 2015). Based on 

that, this scenario assumed an Initial Daily Traffic decrease of 20% from the baseline scenario, 

which is a value inside the interval of variations between -80% to 50% reported in extant case 
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studies (Alasad & Motawa, 2016; Bain, 2009; Carpintero et al., 2015; Carpintero & Barcham, 

2012; Ćirilović et al., 2018).  

The analysis of the underperformance scenarios demonstrated that S3 constituted the 

most detrimental effect on the Free Cash Flow to Equity and DSCR for Projects 1 and 2 (Fig. 

4-7 and 4-8). Consequently, the traffic risk (S3) constitutes the most meaningful risk for the 

financial outcomes respecting the financial and construction risks. However, risks affecting the 

CAPEX (S2) represented the most significant underperformance for the Free Cash Flow to 

Equity in the middle term, which potentially may lead the concessionaire to implement reactive 

policies during the operation phase. Conversely, worsening in debt conditions (S1) resulted in 

the least detrimental effect, but still harmful, on the financial outcomes. 

 
Figure 4-9. Results Baseline vs. Scenarios on the DSCR for Project 1 (a) and Project 2 (b) 

4.7.3 Policies and Scenarios through the PPP Life-Cycle 

The impact of the concessionaire’s decisions (policies) on the underperformance 

derived from exogenous events (scenarios) is examined to understand the implications of early 

proactive, late proactive, and reactive improvements on the life-cycle financial performance, 

as shown in Table 4-6 and Fig. 4-10 and 4-11.  
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The analysis of the policies implemented over the underperformance scenarios 

demonstrated that the concessionaire should prioritize early proactive policy (CAPEX 

reductions-P1) driven by the balancing loop B1 to mitigate the affectations on its Free Cash 

Flow to Equity. Implementing an early proactive policy resulted in the best performance for 

this outcome for all the scenarios in both projects analyzed (Fig. 4-10 and Table 4-6). 

Consequently, short-term savings allow for a significant improvement of cash available during 

the construction phase (when it is more required) improving bankability and profitability.  

 
Figure 4-10. Effect of Policies on the Free Cash Flow to Equity for: (a) Scenario 1- Project 1. 

(b) Scenario1- Project 2. (c) Scenario 2- Project 1. (d) Scenario 2- Project 2. (e) Scenario 3- 

Project 1. (f) Scenario3- Project 2. 

 

Conversely, the effectiveness of early proactive policy (CAPEX reductions-P1) for 

improving the DSCR depends on the level of debt of the project. In this regard, early proactive 

improvements (B1) only represented the highest positive impact on bankability in low debt-

leveraged projects (Project 1 – where the debt constitutes 50% of the CAPEX), as shown in 

Fig. 4-11 and Table 4-6. Alternatively, high debt-leverage projects (Project 2 – where the debt 

constitutes 90% of the CAPEX) achieved the most significant bankability improvements based 
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on middle-term reactive policies (B2-increasing the debt’s repayment period). The dependence 

of B2 dominance on the level of debt should allow the concessionaire to prioritize reactive 

actions considering the specific features of the project. 

 

Figure 4-11. Effect of Policies on the DSCR for: (a) Scenario 1 - Project 1. (b) Scenario 1 - 

Project 2. (c)Scenario2- Project 1. (d) Scenario 2- Project 2. (e) Scenario 3- Project 1. (f) 

Scenario3- Project 2. 

 

The effectiveness of implementing a late proactive policy (OPEX reductions-P3) also 

demonstrated a high dependence on the level of debt of the project for bankability and the 

concessionaire’s profitability. Consequently, late proactive improvements (B3) represented the 

worst financial performance regarding the Free Cash Flow to Equity and DSCR for high debt-

leveraged projects (Project 2) among all the policies analyzed, as shown in Table 4-6. In 

contrast, for low debt-leveraged projects (Project 1) this policy resulted in a better financial 

performance than reactive concessionaire’s measures (increasing the debt’s repayment period-

P2), which demonstrates that the dominance of B3 also depends on the level of debt. 

Table 4-6. Policies Description 
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Scenarios 
(Project) 

Output 

Variable Base run P1 P2 P3 

S1 (Project 1) FCFE -6692 34684 -1140 4557 

S2 (Project 1) FCFE -40718 NA -33962 -26779 

S3 (Project 1) FCFE -40984 461 -35357 -29258 

S1 (Project 1) ADSCR 0.93 1.29 0.93 1.03342 

S2 (Project 1) ADSCR 0.76 NA 0.76 0.878667 

S3 (Project 1) ADSCR 0.70 1.03 0.70 0.824206 

S1 (Project 2) FCFE -12990 38992 9615 3009 

S2 (Project 2) FCFE -50313 NA -22931 -31387 

S3 (Project 2) FCFE -56038 -4221.07 -33204 -38587 

S1 (Project 2) ADSCR 0.81 0.963384 1.04197 0.851055 

S2 (Project 2) ADSCR 0.70 NA 0.914382 0.740325 

S3 (Project 2) ADSCR 0.66 0.788444 0.864296 0.704767 

4.8 DISCUSSION 

The proposed financial model creates an understanding of the impact of interventions 

that the concessionaire may prioritize based on the balancing loops identified to address 

potential financial underperformance within the PPP life-cycle for the concessionaire.  

The behavior of the policies analyzed demonstrated that, from a life-cycle perspective, 

early proactive financial improvements (B1-reducing CAPEX) must be preferred over late 

proactive improvements (B3-reducing OPEX). This is a counterintuitive finding because the 

nominal value of the Fixed Operation Costs is almost three times CAPEX. This counterintuitive 

behavior emerges from the role of the IRR as an attenuating factor of the intended behavior of 

the balancing loop affecting the OPEX (B3) in the long run, in comparison with short-term 

CAPEX that potentiates the behavior of causal loops affecting the behavior in the short-term 

(B1). Life-cycle cost theory emphasizes the higher impact of cost during the operation phase 

respecting the construction phase (Galar et al., 2017; Hartwell et al., 2019). Conversely, this 

study demonstrates that given the high private’s equity IRR in PPPs, the short-term financial 

performance demonstrates a higher incidence of private’s return than long-term financial 

behavior. One meaningful obstacle for the concessionaire to reach this intended early proactive 

behavior for the construction phase is the conflict of interest resulting from the frequent 

decision of sponsors to become also the construction subcontractor, leading to inappropriate 

subcontract arrangements and less rigor in construction supervision (Yescombe & 

Farquharson, 2018). Consequently, considering the significant impact of the performance of 

the CAPEX on the DSCR demonstrated by the model, the sponsor should prevent this potential 

conflict of interest by involving other sponsors in the construction subcontract negotiation and 

supervision. Additionally, the financing entities should enforce these preventive measures and 
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also consider thoroughly the cost performance of the previous PPPs where the private 

companies of the Concessionaire have participated as a tool for assessing the risk of payments 

default. 

Reactive financial improvements (P2 - increasing the debt’s repayment period) 

constituted the most effective policy for the improvement of the DSCR for PPPs with the higher 

significance of debts in the financial structure. The comparison between the two projects 

demonstrated that when the significance of debt in a PPP is higher, the behavior motivated by 

alterations in debt conditions (B2) is greater for DSCR than the behavior motived by early 

proactive improvements (B1), from a bankability perspective. The relevance of Repayment 

Period increments for optimizing financial performance is a significant finding for 

concessionaires, given that a PPP project under financial stress could renegotiate this period 

easier than interest rates. Extant literature has emphasized the natural risk aversion attitude of 

lenders considering that they do not have upside but significant low-interest rates (Lenferink 

et al., 2014; Yescombe & Farquharson, 2018). This study goes one step forward by introducing 

an effective policy (i.e., increasing the Repayment Period) that lenders may implement to 

reduce bankruptcy risk in stressed PPPs without reducing their profitability. This policy is 

especially important for financing entities because it demonstrates that the best single strategy 

for facing bankability issues in ongoing PPPs is increasing the Repayment Period, which is 

under the control of the banking institutions themselves. Nevertheless, some potential barriers 

to implementing this policy are specific constraints on the Repayment Period of some specific 

types of debt (i.e., bonds), which can be potentially addressed based on the support of the public 

sector and multilateral financing entities (Yescombe, 2014). 

Complementing the insights presented above, the analysis of scenarios contributed to 

creating an understanding of the impact of key exogenous parameters within the PPP life-cycle 

for the concessionaire. S3, S2, and S1 allowed the identification of the most critical exogenous 

parameters for the financial performance of the PPP among the traffic, debt interest rate, and 

CAPEX overruns beyond the concessionaire’s control. Previous research has emphasized the 

relevance of exogenous determinants for the financial performance of PPPs and also has 

conducted extensive case study analyses to measure the frequency of the occurrence of 

renegotiations produced by each of these exogenous parameters (Oliveira Cruz & Miranda 

Sarmento, 2021). However, this study complements this perspective by assessing the financial 

life-cycle impact of alterations to these parameters. 

S3 revealed that the traffic is the most influential exogenous parameter for the Free 

Cash Flow to Equity and DSCR, which implies that the accuracy of the Initial Daily Traffic is 
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paramount for the life-cycle financial outcomes. The relevance of traffic to the financial 

performance of PPPs has been widely analyzed in extant literature (Carpintero et al., 2015; 

Cruz et al., 2015; Flyvbjerg et al., 2007; Vassallo et al., 2012). However, this study 

complements previous literature by demonstrating that the traffic alterations thresholds found 

in previous case studies have a more significant impact than other relevant exogenous 

parameters such as debt interest rate and CAPEX overruns produced by external factors. This 

scenario demonstrates the relevance of strengthening traffic projections and traffic risk-sharing 

mechanisms considering that even the public sector has a very limited influence on this 

exogenous risk. S3 highlights the significance of improving traffic accuracy in greenfield 

projects because of the innate challenges of forecasting traffic and their significant financial 

and bankability implications. Accordingly, this scenario highlights the importance of 

implementing the policies discussed in previous sections. However, if policy-related efforts 

remain unsuccessful and the initial daily traffic is below expected, the concessionaire and the 

public sector need to explore other options (outside the scope of this study). The former should 

focus on stimulating traffic by demonstrating optimal service levels; the public sector should 

promote road usage by incentivizing urban development and avoiding investments in 

competing roads (Carpintero et al. 2015).  

S2 exposed that CAPEX overruns may be almost as influential as the traffic and much 

more influential than higher Interest Rates (S1). This finding highlights the significance of the 

construction phase not only for the technic but also for the financial performance through the 

PPP life-cycle, which is in line with previous research (Bao et al., 2018; Galar et al., 2017). 

Exogenous risks affecting CAPEX are scenarios of significant interest nowadays considering 

the implications for the construction costs of supply chain disruptions derived from the 

COVID-19 pandemic and the price escalation in specific materials essential for construction 

derived from the war in Ukraine (Castelblanco, Guevara, & Mendez-Gonzalez, 2022a; 

Castelblanco, Guevara, & Salazar, 2022). 

4.9 LIMITATIONS AND FUTURE RESEARCH 

Some limitations of this research suggest meaningful future research paths. It is relevant 

to highlight that this study used system dynamics concepts to generate the simulation model 

rather than developing a SD model. This distinction is relevant because this simulation model 

is focused on the balancing loops that potentially may rebalance financial underperformance 

in each of the project phases regardless of their causes. Consequently, this study did not 
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consider an endogenous structure that allows explaining the financial underperformances 

causes and the feedback loops behind these underperformances. Future research may describe 

the reinforcing loops underlying the most relevant risks that produce PPP financial 

underperformances and the potential mechanisms for preventing, addressing, and mitigating 

these risks. This endogenous perspective would allow for developing additional insights from 

a life-cycle perspective based on a quantitative system dynamics approach. 

This study focused exclusively on the financial performance of PPP projects during 

their life cycle. To analyze the endogenous mechanisms underlying the risks that affect the 

financial performance of PPPs, future research should consider thoroughly the complex non-

financial components involved in risk occurrence, which involves socio-technical systems. One 

useful methodological approach for the conceptualization and model formulation of socio-

technical systems may be group model building (Vennix, 1999). This approach allows for the 

conceptualization and model formulation of complex systems by involving a relatively large 

expert group (Richardson & Andersen, 2010). The exchange of experts’ perceptions is essential 

for unraveling the underlying mechanisms for financial underperformance in PPPs. This future 

research may use the simulation model in this study as a backbone structure of the system to 

unravel the causal structure of the endogenous mechanisms. The use of previous models as a 

starting point to elicit system causal structures is a widely recommended practice in system 

dynamics models (Hovmand, 2014; Richardson, 2013).  

To implement a comprehensive system dynamics approach, future research also 

requires complete historical data regarding the financial performance  A recurrent challenge 

for PPP researchers is the lack of transparency of the financial information of PPPs, which is 

reflected in the absence of financial data disclosure of the private and the public parties of PPPs 

(Agyenim-Boateng et al., 2017; Guevara, Salazar, et al., 2020). Indeed, for this study, it was 

not possible to access historical financial performance data for toll road PPPs but only the 

financial data of the baseline scenario of the two projects. However, the designed validation 

process in this study is suitable for real toll road PPP financial projections, as the authors have 

collected sufficient reliable data to implement the validation procedures suggested by multiple 

experts in system dynamics (Barlas, 1996; Schoenberg & Swartz, 2020; Schwaninger & 

Groesser, 2020). Researchers who can obtain complete historic financial data of PPPs can 

assess the reliability of the model for diverse scenarios. 

This study recognizes the limitations of some assumptions. For example, the model 

considered the IRR as the minimum Internal Rate of Return acceptable for the concessionaire. 

However, in real practice, the minimum IRR acceptable is a variable that changes permanently 
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according to the cost of opportunity, the financial environment, and the macroeconomic 

performance. Future research may consider variable IRR that considers these interactions. On 

the other hand, the variation of the Repayment Period is recognized in the policies adopted in 

this model as a “last resource” option for the lender when there is a significant risk of early 

termination of the project and the construction phase has ended. Nevertheless, this strategy may 

face significant challenges due to the high risk aversion of lenders in the long term and because 

they may be concerned about creating the incentive of renegotiating debt conditions by various 

concessionaires. Future research may explore with lenders their willingness to adopt this kind 

of measure. 

Lastly, this model employed a deterministic approach by developing sensitivity 

analysis within the policies assessed. Probabilistic and stochastic approaches were not suitable 

for this study, given that it was not possible to obtain reliable probability distributions for model 

parameters affected by uncertainty. Additionally, it is important to highlight that this model is 

intended to be a policy analysis rather than a perfectly accurate predictive tool. 

4.10 CONCLUSIONS 

This research aims at addressing one of the most significant challenges of the private 

sector’s decision-makers: a life-cycle perspective of the financial implications of 

underperformance across the PPP project phases. The proposed financial model creates an 

understanding of the impact of interventions that the concessionaire may prioritize based on 

the identified balancing loops. The studied policies and scenarios allowed for analyzing 

concessionaire interventions in different project phases and their impact on the Free Cash Flow 

to Equity and DSCR.  

The model revealed that there are two significant life-cycle drivers on which the 

concessionaire should focus its efforts on addressing financial underperformance without 

contract renegotiations: namely, early proactive improvements (CAPEX savings) and middle-

term reactive actions (increasing the debt’s repayment period). Early proactive improvements 

are especially effective to optimize the Free Cash Flow to Equity because short-term CAPEX 

modifications potentiate the behavior of causal loops in the short-term (B1) neglecting the 

attenuating effect of the IRR that minimizes the effect of long-term affectations (like OPEX 

reductions in B3). Conversely, middle-term reactive actions (increasing the debt repayment 

period) demonstrate to be the most relevant alternative for the improvement of bankability 

(minimum DSCR) for projects with higher debt leverage. Consequently, the significance of B1 
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for cash flows and B2 for DSCR  must be thoroughly considered by concessionaires proposing 

strategies for facing financial underperformance issues across the PPP life-cycle. 

Additionally, the analysis of scenarios highlighted that two single exogenous drivers 

are the most influential for the financial performance of the PPPs, namely, Initial Daily Traffic 

and CAPEX overruns. The Initial Daily Traffic is mostly beyond the control of the 

concessionaire and the only suitable concessionaire’s decision for improving traffic is to 

achieve optimal service levels for increasing road usage, in case that traffic risk is totally or 

partially allocated to the concessionaire. In line with that, the concessionaire must conduct its 

own traffic forecast before presenting a bid proposal, to reduce uncertainty. Conversely, the 

exogenous parameters affecting the CAPEX are gaining preponderance nowadays considering 

the exacerbated uncertainty in supply chains and excessive cost escalation of multiple raw 

materials derived from the aftermath of the COVID-19 pandemic and the war in Ukraine.  

The PPP body of knowledge is strengthened by this paper in multiple ways. First, the 

approach adopted in this study allows for an integrated life-cycle perspective. Various models 

have been proposed for assessing the financial performance of PPPs; nevertheless, they are 

usually focused on specific project phases rather than a life-cycle approach. This model 

considers the most significant drivers that are determined in the shaping, construction, and 

operation phases. Second, the policies analyzed allowed the development of an LCCA 

approach, aiming for establishing suitable strategies for tackling underperformance in each of 

the project phases. Third, this approach allows decision-makers to prioritize managing efforts 

in specific activities in the first years of the PPPs, such as reducing uncertainty in traffic 

forecasts and planning and controlling CAPEX activities properly. 

Although the study led to significant findings relevant for concessionaire’s decision-

makers, it also has some limitations derived from assumptions and scope established. The 

current financial model is focused on the concessionaire’s perspective within toll road PPPs. 

Future extensions of this study may assess the public sector’s perspective considering social, 

institutional, and environmental benefits such as social welfare, taxes paid by the 

concessionaire, and reduction of CO2 emissions, among others. Additionally, further research 

can be focused on different categories of PPP infrastructure such as social infrastructure. 

Moreover, future studies can incorporate diverse types of PPPs such as shadow tolls or 

availability payments for comparing the implication of non-user-pay PPPs. 

Future research avenues can build reliable probabilistic distributions for meaningful parameters 

such as alterations in initial traffic, traffic growth, interest rates, CAPEX, and Fixed OPEX, to 

develop a complete probabilistic/stochastic instead of a deterministic model. One future 
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research avenue could be to complement this model to incorporate real options into the scope 

definition of the projects. The real options approach is a suitable tool for facing uncertainty and 

it could be a valuable infrastructure management tool to enhance changeability. Given the 

increasing uncertainty of long-term contracts, a suitable alternative could be to make provisions 

to face uncertainty by considering the stochastic nature of relevant variables, such as exchange 

rate, GDP, employment, or discounting function. 

4.11 ABBREVIATIONS LIST 

CAPEX: Capital Expenditures 

IRR: Internal Rate of Return 

NPV: Net Present Value 

OPEX: Operational Expenses 

O&M: Operation and Maintenance 

PPP: Public-Private Partnership 

SD: System Dynamics 
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CHAPTER 5 – SOCIAL LEGITIMACY CHALLENGES IN 

TOLL ROAD PPP PROGRAMS: ANALYSIS OF THE 

COLOMBIAN AND CHILEAN CASES4 
 

This chapter focuses on the social dimension of sustainability of PPPs by analyzing the 

challenges of achieving social legitimacy in road PPP programs based on a multiple-case study 

approach. The triangulation of multiple data sources from two national road PPP programs 

aims for identifying the drivers of social disapproval of toll road PPP programs. 

5.1 ABSTRACT 

Public-Private Partnership (PPP) programs have been developed widely for more than 

30 years across the world. The continuity of these programs depends on an adequate balance 

of three-dimensional sustainability (i.e., economic, environmental, and social). Nevertheless, 

social sustainability has demonstrated as being fragile because of the challenges to achieving 

the intended social legitimacy in PPP programs. This study aims to understand key challenges 

in achieving social legitimacy in road PPP programs by analyzing contractual clauses, legal 

frameworks, and stakeholders’ interviews of two toll road PPP programs in Chile and 

Colombia. Three key challenges to social legitimacy were found: social involvement issues, 

distrust between impacted and responsible stakeholders, and lack of social criteria within toll 

tariff policy. Findings reveal that it is required to move beyond current consultation 

mechanisms and thoroughly involve the impacted groups as a relevant stakeholder typology in 

order to maximize value creation in user-pay PPP programs. In line with that, this study exposes 

that the claim of previous research for developing relational governance between the public 

and the private sectors is not enough for overcoming governance limitations and addressing 

social legitimacy in user-pay PPPs. It is also necessary to enhance relational governance in a 

triadic approach. This study contributes to the PPP body of knowledge by redirecting the 

discussion from overall legitimacy to social legitimacy challenges and by including the 

impacted stakeholders in the analysis of PPP governance mechanisms. 

 

4 The work of this chapter is summarized in the article “Social Legitimacy Challenges in 

Toll Road PPP Programs: Analysis of the Colombian and Chilean Cases” by Gabriel 

Castelblanco, Jose Guevara, Harrison Mesa, and Andreas Hartmann, ASCE Journal of 

Management in Engineering (DOI: 10.1061/(ASCE)ME.1943-5479.0001010). 
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5.2 INTRODUCTION 

Public-Private Partnerships (PPPs) programs have been developed widely for more than 

30 years in developed and developing countries. The continuity of these programs depends on 

their value creation, that is, the aggregation of benefits derived from these partnerships for 

different stakeholders (Kivleniece & Quelin, 2012). This mainly includes benefits for the 

public and the private sector, such as complementing resources between these stakeholders 

(Rangan et al., 2006), increasing life-cycle cost efficiency (Bennett & Iossa, 2006), and 

reducing public fiscal pressure (Engel et al., 2020). However, apart from the public and private 

dimensions of value creation, PPPs often face significant issues related to social benefit-

enhancing and pending social concerns (Bennett & Iossa, 2006; Kivleniece & Quelin, 2012; 

Rangan et al., 2006).  

A prerequisite for social value creation in PPPs is the development of social legitimacy,  

which refers to the social appropriation and the desirability of PPPs by impacted stakeholders 

such as local users and communities (Berrone et al., 2019; Montalbán-Domingo et al., 2019). 

Social legitimacy is seen as an essential component for the success of PPPs (Guevara, Garvin, 

et al., 2020; G. Hodge, 2006; B. Li et al., 2005), and authors have emphasized the need for 

increased awareness of social legitimacy (Kort & Klijn, 2013). Neglecting social groups 

impacted by PPPs can trigger social activism against PPPs and, consequently, the erosion of 

PPP acceptance (Kivleniece & Quelin, 2012). User-pay PPPs such as the Cochabamba Water 

project in Bolivia or the California State Route 91 toll road are prominent examples of how the 

loss of social legitimacy jeopardizes the success of PPPs and even can lead to their early 

termination (G. A. Hodge et al., 2010; Levitt et al., 2010). Tariff and pricing schemes eroded 

the social legitimacy of these PPPs and resulted in their early transfer to the public sector (G. 

A. Hodge et al., 2010; Kivleniece & Quelin, 2012; Levitt et al., 2010).  

Despite the importance of social legitimacy for the success of PPPs, previous research 

on PPP governance has been traditionally limited to examining general legitimacy issues 

affecting a third party integrated by a heterogeneous arrangement of stakeholders (e.g., 

journalists, academics, and labor unions) (Jooste, 2010). Prior studies have not substantially 

focused on legitimacy concerns specifically related to impacted stakeholders. It has mainly 

prioritized the liability of the responsible stakeholders for achieving PPPs’ expected outcomes, 

thereby neglecting the relevance of impacted stakeholders. This study aims to understand the 

social legitimacy of PPPs within mature markets and addresses the following research question: 

(i) What are the challenges for achieving social legitimacy of PPP programs? Roles and 
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relations among responsible stakeholders (i.e., the public and the private sectors) and the 

stakeholders impacted by the PPP projects (i.e., local landowners, local communities, and 

project users) need to be analyzed to understand the social legitimacy challenges of PPP 

programs. In this regard, this study adopts a stakeholder perspective from which social 

legitimacy is shaped through the interaction of the public sector, private sector, and impacted 

stakeholders during the PPP life-cycle. Based on a multiple case study of two national PPP 

programs, Colombia and Chile, the paper shows that achieving social legitimacy in PPP 

programs comes with several challenges at the institutional, organizational, and program levels.   

This study contributes to the PPP literature by redirecting the discussion from overall PPP 

legitimacy, which has been widely studied before, to social legitimacy challenges. It 

demonstrates that the intended purpose of social activism for restraining private value capture 

is not achieved at the project level, as previous research emphasized (Kivleniece & Quelin, 

2012), but only succeeds at the program level because of the contractual governance 

guarantees.  

5.3 BACKGROUND 

5.3.1 Role of Stakeholders in PPPs   

Given the diverse stakeholder categorizations in PPP literature, this paper classifies 

stakeholders as responsible, interested, and impacted (El-Gohary et al., 2006; Ghadimi, 2017; 

Mostafa & El-gohary, 2014; L. Zhang & El-Gohary, 2014). The public and the private sectors 

are considered responsible stakeholders since they hold the liability for developing the project 

to achieve the expected performance outcomes (Mostafa & El-gohary, 2014). Organizations or 

persons who want to provide opinions and participate in the project are considered interested 

stakeholders (i.e., chambers of commerce, NGOs, and environmental activists). Additionally, 

organizations or persons affected by the project’s performance are considered as impacted 

stakeholders (i.e., landowners, local communities, and project users).  

Prior literature tends to include impacted and interested groups within the same 

stakeholder typology (Jooste et al., 2009, 2011; Jooste & Scott, 2011). However, despite the 

relevance of interested groups and their influence over impacted stakeholders, this study 

differentiates both stakeholder categorizations. While interested stakeholders are mainly 

formal organizations (e.g., chambers of commerce and NGOs), which obey hierarchies and 

organizational structures that transcend the local scope and could reach a regional, national, 

and even international scope (Mostafa & El-gohary, 2014); impacted stakeholders comprise 
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parties not always affiliated to formal organizational bodies; such parties sustain permanent 

local interaction with PPP participants across the project’ life-cycle (L. Zhang & El-Gohary, 

2014).  

The roles of impacted and responsible stakeholders change as PPPs evolve. To 

understand these, the paper distinguishes three main PPP life cycle phases: the shaping phase, 

the implementation phase, and the operation phase. The shaping phase includes initial activities 

from project conceptualization to reaching financial closure (i.e., planning, procurement, and 

contracting) (Guevara, Garvin, et al., 2020b). The concessionaire is constituted when the 

shaping phase is about to end (Guevara, Salazar, et al., 2020; Salazar et al., 2021). Thus, until 

then, the private sector has yet no significant role in the project. The public sector has the 

leading role and is usually responsible for developing most of the shaping phase goals. To 

reduce potential conflicts in later phases, it is necessary to meaningfully involve impacted 

stakeholders in the public sector’s decision process (Schepper et al., 2014). Such involvement 

of impacted stakeholders in the shaping phase would allow the public sector to customize the 

project scope by considering their concerns and interests (Boyer et al., 2016). 

In the implementation phase, the concessionaire completes the final project designs and 

is responsible for constructing the project (Dewulf & Garvin, 2020). In this phase, the public 

sector transfers part of its former role to the concessionaire (South et al., 2018), and impacted 

stakeholders increasingly interact with the private sector. For example, at the beginning of the 

implementation phase for road PPPs, the impacted stakeholders are primarily landowners and 

local communities. They can be affected by the requirement to sell their land either partially or 

as a whole. If there is no agreement between the landowner and the government, an 

expropriation process that is sometimes backed by police force can be employed to force 

citizens to concede their property by law. As construction progresses, users can be affected as 

well by delays in travel time and the likely increase of toll tariffs. Impacted stakeholders are 

especially sensitive to construction delays which reduce trust in the private sector (Levitt et al., 

2010). 

The operation phase, which is the phase that lasts the longest, shows an arrangement 

where the public sector role is reduced to the supervision of the accomplishment of service 

levels. In contrast, the private sector maintains higher involvement and control (South et al., 

2018). In this last phase, the impacted stakeholders are significantly sensitive to variations in 

toll tariffs and service levels (Levitt et al., 2010). As tariffs increase, their willingness to pay 

decreases and can lead to social tension (Levitt et al., 2010). Social legitimacy of PPPs thus 

evolves from expectations regarding the promises (often too optimistic) of social revenues 
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associated with the intended project made by governments in the shaping phase and the 

accomplishment of such promises (or lack thereof) by the concessionaire during the 

implementation and operation phase (Boyer, 2019). 

5.3.2 Social Legitimacy and Stakeholders in PPPs 

Social legitimacy is shaped by the perception of impacted stakeholders on how PPPs 

respond to their demands and needs (Abdelal & Ruggie, 2009). It can be defined as the level 

of this social perception required for any PPP to be recognized as appropriate and desirable 

based on the impacted stakeholders’ value objectives and concerns (e.g., social welfare, 

participation, communication with responsible stakeholders, service quality) (Levitt et al. 

2014; Suchman 1995). In this sense, social legitimacy entails the impacted stakeholders’ 

subjective interpretation of the relationship between the PPP project and the societal context in 

which this is immersed. This interpretation is complex and not monolithic because it is built 

by heterogeneous individuals, groups, and interests (Y. Li et al., 2019). 

PPPs entail an intrinsic trade-off between social legitimacy outcomes (i.e., impacted 

stakeholders’ expected benefits) and responsible stakeholders’ value objectives (i.e., reducing 

public fiscal pressure, private sector’s profitability, reducing life-cycle costs, and leveraging 

private managerial skills) (Kochan, 2007). It requires responsible stakeholders’ further 

commitments for offering social welfare beyond the boundaries of the initial project scope. In 

this sense, positive social perception is essential for achieving PPP programs’ long-term value 

creation because it avoids potential pressure from impacted stakeholders to governments and 

politicians and increases PPP program support (H. Park et al., 2017; Yuan et al., 2018). Thus, 

increasing the PPP program’s social legitimacy becomes challenging because the private 

provision of public infrastructure entails the participation of private partners focused on 

obtaining long-term financial returns from PPP users (i.e., impacted stakeholders) (Jooste et 

al., 2009). Consequently, toll road PPPs often face dilemmas at the moment of maintaining a 

balance between communities’ desires (i.e., welfare outcomes derived from the PPP project) 

and responsible stakeholders’ managerial interests (i.e., profitability and political interests) 

(Rwelamila et al., 2015; Verhoest et al., 2015). 

To date, stakeholder literature proposes that a suitable strategy for addressing social 

legitimacy in PPPs is to increase community involvement through the assistance of a stable 

political environment and the support of transparent procurement procedures (Matos-Castaño 

et al., 2014). To do so in an efficient way, Transaction Cost Economics indicates that unified 

contractual governance structures through the whole life-cycle could be suitable for reducing 
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opportunistic behaviors (Henisz et al., 2012). From the perspective of economics and law, 

contractual governance elements such as sanctions and incentives are enough to motivate the 

intended behavior of responsible stakeholders regulated by contracts (W. R. Scott, 2013). 

Nevertheless, contractual governance solutions only allow for managing the relationship 

between the public and private sectors but do not cover the relationship with non-responsible 

stakeholders (Benítez-Ávila et al., 2018, 2019).  

Building social legitimacy requires complementary governance elements suitable for 

dealing with impacted stakeholders. Relational governance offers some useful governance 

mechanisms associated with psychological and sociological perspectives. These are useful for 

understanding PPP governance issues by considering that human behaviors and decision-

making processes are driven by cognitive and normative factors (Henisz et al., 2012). In this 

sense, the relational governance perspective not only highlights the importance of establishing 

long-term trust-based partnerships between public and private parties (Delhi & Mahalingam, 

2020a); but also specifies that creating social legitimacy requires dismantling impacted 

stakeholders’ distrust of the private provision of public infrastructure and services (Yan & 

Zhang, 2020). 

Henisz et al. (2012) integrated psychological, sociological, legal, and economic 

governance perspectives to suggest that responsible stakeholders may employ campaigns and 

communication strategies to indirectly influence impacted stakeholders. Moreover, impacted 

stakeholders’ opportunistic behavior could be limited by aligning their interests within the 

concessionaire’s goals. This alignment of goals requires that the public sector engages and 

includes impacted stakeholders in the decision-making processes throughout the PPP shaping 

phase (Wallner, 2008; Xue et al., 2020; Yang & Shen, 2015). Accordingly, in order to reduce 

information asymmetry, enhance mutual rust and motivate cooperative behaviors, responsible 

stakeholders should develop strong social skills for establishing high-level shared goals with 

impacted groups (Fligstein, 2001; Solheim-Kile & Wald, 2019). Such abilities should be 

directed to identify impacted stakeholders' identities and interests, implement capability-

building strategies, and execute stakeholder management processes (Amadi et al., 2020). 

Stakeholder management literature also emphasizes the role of persuasion, deputation, 

negotiation, and flexibility as key strategies that responsible stakeholders should perform for 

engaging impacted stakeholders (Ninan et al., 2019). When responsible stakeholders are able 

to provide impacted stakeholders with reasons to cooperate by building a sense of connection 

between the two parties, impacted groups may modify their behavior based on the perception 

that PPP goals are aligned with their interests (Suchman, 1995). These social skills, therefore, 



118 

 

facilitate the connection between impacted stakeholders’ identity and PPP collaborative 

behaviors (S. G. Scott & Lane, 2000).  

5.4 RESEARCH DESIGN 

This research conducted a qualitative multiple case study including two current PPP 

road programs in Chile and Colombia to better understand social legitimacy challenges in road 

PPP programs. A multiple case study as the preferred research design has the potential to reach 

more versatility, robustness, replicability, and generalizability of the results than a single case 

(Yin, 2018). It allows for analyzing either contrasting or similar cases for explainable causes. 

Moreover, multiple case study research enhances the external validity of results (Yin, 2003). 

For analyzing the data of both cases, a quasi-longitudinal approach was employed by 

combining some of the advantages of longitudinal analysis with cross-sectional data without 

analyzing the PPP projects’ whole life-cycle within both programs (Levitt et al., 2014). This 

distinction is relevant because developing a longitudinal approach is not possible because the 

whole life cycle of PPP projects can last more than 30 years. The two PPP programs include 

Design-Build-Finance-Operate-Maintain (DBFOM) projects in different phases of the life 

cycle (Table 5-1). All projects achieved financial closure in the last decade, but none of the 

projects has finalized the operation phase. Some of the projects are currently in the 

implementation phase, and the remaining ones are in the operation phase. 

Table 5-1. Current Road PPP Programs in Colombia and Chile 

Country Concession 

Generation 
Granted Km 

Number of 

Projects 

Initial investment (millions 

of US) 

Colombia Fourth 

Generation 
2012-present 4,563 25* 15,507 

Chile After Act 20,410 2010-present 765 12* 4,408 
* Projects with a financial close at 30/06/20 

5.4.1 Case Study Selection 

There are several reasons for choosing the road PPP programs in Chile and Colombia: 

(1) Both countries share the tradition of the Spanish legalistic regime from colonial times to 

the present. (2) Based on their population Chile and Colombia are medium-sized countries in 

Latin America. The former is the third, and the latter is the seventh most populated country in 

the region. (3) Each country has developed mature road PPP markets that include almost 50 

projects and worth more than 13 billion USD.  (4) In both countries, the PPP programs mainly 

cover road projects compared to other infrastructure projects such as airports, hospitals, and 

hydropower projects. (5) Both countries have implemented new PPP legislation, enhancing the 
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legal framework for the PPP programs considered in this multiple case study (i.e., Law 

24010/2010 in Chile and Law 1508/2012 in Colombia). (6) Road PPP projects engage a 

significant number of stakeholders, including potential users who will pay toll tariffs and public 

entities responsible for permitting, planning, financing, building, and operating these projects. 

(7) These projects affect communities through expropriations, externalities, and environmental 

impacts. 

Between the 1990s and 2020, the Colombian PPP institutional framework has evolved 

systematically to improve risk allocation and planning procedures, enhance flexibility in PPP 

contracts, and incorporate full implementation of project finance principles. However, the 

Colombian PPP market still struggles with attracting international investors (Cardona & Ortiz, 

2017; Rufián, 2002). In this context, the current Colombian road PPP program analyzed in this 

study was established in 2013 and includes 25 projects with a cumulative value of US$15 

billion (Tables 1 and 3). This PPP program has been the most ambitious one in the country’s 

history and was shaped by the regulatory framework established in Law 1508 with the support 

of the Inter-American Development Bank (Leal, 2019). 

On the other hand, the current Chilean road PPP program was established in 

concordance with Law 20,410. This piece of legislation amended the concessions law of 2010 

and created a new legal framework for PPP projects. The current program includes 12 projects 

with a cumulative value of US$4 billion (Tables 1 and 3). It incorporates three urban PPPs 

within Santiago and the re-concession of five projects first granted in the 1990s and recently 

transferred back to the government. The remaining four PPPs are roads near the three main 

cities in Chile (i.e., Santiago, Concepcion, and La Serena).  

5.4.2 Data Collection 

The authors conducted a content analysis of scientific literature on PPP and social 

legitimacy. The literature search included the following keywords: PPP, P3, Public Private 

Partnership, BOT, build operate transfer, toll road, private finance initiative, PFI, concession, 

social legitimacy, legitimacy. It was focused on the Web of Science database between 2000 and 

2021 resulting in 164 publications. Next, the search was screened excluding unrelated research 

areas (e.g., Environmental Sciences Ecology, Evolutionary Biology, History). Based on the 

screening, 102 publications were removed and 62 remained. Finally, the titles and abstracts 

were screened to remove those unrelated to the purpose of the study, resulting in 39 remaining 

publications 
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After finishing the content analysis, case study data were collected through 

triangulating multiple sources. First, a comprehensive review of the legislation and contracts 

from both countries’ PPP programs was performed to achieve a deeper understanding of the 

current state of the roles, responsibilities, and relations among stakeholders established within 

the PPP programs governance framework (Table 5-2).  Therefore, the road contracts of all the 

projects of the programs were addressed. This includes 25 projects in Colombia accounting for 

4,563 km and 12 projects in Chile accounting for 765 km (Table 5-3). The projects correspond 

to the DBFOM project delivery scheme under user-financed models, which main revenue 

source is toll charges. The PPP contracts gathered from the official online contracting platforms 

in both countries were analyzed. Each contract document comprises around 350-450 pages 

(MOP, 2020; SECOP, 2021). 

Table 5-2. Legislation and Contractual Information Analyzed 

DOCUMENT  CHILE COLOMBIA 

Contract   12 Contracts  25 Contracts  

PPP Law  Law 20410/2010 Law 1508/2012 

 

 

Supreme Decree 124/2009: ILO 

169 ratification 

Constitution of 1991: Article 330. Indigenous 

territories 

 

Supreme Decree 66/2014: ILO 

169 implementation 

Decree 1320/1998: Prior consultation for the 

exploitation of natural resources within Afro-

descendant and indigenous territories 

 

Impact Assessment System 

Ordinance 140143/2014: 

Preliminary analysis of 

Indigenous groups 

Decree 2613/2013: Protocol for prior consultation 

Presidential Directive 10/2013: Steps for carrying out 

prior consultation 

 
Law 19300/1994: General 

Environmental Law Law 21/1991: Ratification ILO Convention 169  

Complementary 

Law 19253/1993: Indigenous 

Law 

Ruling SU039/1997: Ethnic Groups’ prior 

consultation 

Legal 

Framework 

Supreme Decree 40/2012: 

Regulation of the Environmental Law 1682/2013: Infrastructure Law 

  Law 99/1993: General Environmental Law 

  Ruling C030/2008: Ethnic Groups to be consulted 

  Court decision T129/2011: Prior consultation rights 

  Law 1082/2015: National Planification 

 

Table 5-3. PPP highway contracts awarded in the last PPP program in Colombia and Chile.  

Colombia                                  Chile  

Project 
Length 

(km) 

Project Length 

(km) 
Project 

Length 

(km) 

Cartagena-Barranquilla  147 Rumichaca-Pasto 80 Melon Tunnel 2nd Concession 5 

Pacifico 1 Highway 46 North Connection  146 
Nogales-Puchuncavi  2nd 

Concession 
27 

Northern Bogota Access  62 
Puerta de Hierro-

Palmar de Varela 
203 Loa Routes 2nd Concession 136 

Pacifico 2 Highway 98 Pamplona-Cucuta 63 Route 43, Coquimbo Region 86 
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Pacifico 3 Highway 146 
Girardot-Espinal-

Neiva  
193 Nahuelbuta Route Improvement 55 

Cundinamarca’s Eastern 

Perimeter 
153 Antioquia-Bolivar  491 Route G-21 Improvement 31 

Girardot-Honda-Puerto 

Salgar 
190 

Chirajara-

Villavicencio  
86 River Bio New Bridge 6 

Sisga’s Transversal  137 
Girardot-Ibague-

Cajamarca  
225 AVO El Salto-Príncipe de Gales 9 

Mar 1 Highway 176 
Malla Vial del 

Meta 
354 

AVO Príncipe de Gales-Los 

Presidentes 
5 

Villavicencio-Yopal 261 
Bogota-Girardot 

3rd Lane 
145 Connection Route 78-Route 68 9 

Mar 2 Highway 246 NUS Roads 157 
Camino de la Fruta 2nd 

Concession 
142 

Bucaramanga-Barranca-

Yondo 
152 Guajira-Cesar 350 

Route 5 Vilos- Serena 2nd 

Concession 
254 

  
Cambao-

Manizales 
256   

TOTAL   4,563 TOTAL 765 

 

Next, in-depth semi-structured interviews were conducted with PPP experts employing 

a semi-structured interview protocol based on open-ended questions, so allowing respondents 

to sufficiently elaborate on each topic addressed (Antillon et al., 2018; Castelblanco et al., 

2020; Rojas et al., 2020). A semi-structured approach was chosen because it allows further 

clarification and information from the interviewees, questions amendments over time, and 

supporting resources and evidence (Yin, 2018). A total of 23 respondents were interviewed, 

thirteen interviews were conducted in Colombia, and the remaining ten were conducted in 

Chile. Given that it would not be feasible to reach a representative sample of the impacted 

stakeholders considering that they are especially local residents to each project, the authors 

focused on seeking experts from responsible stakeholders, academics, and consultants; who 

had specific experience as practitioners in the PPP programs. In order to avoid bias, the 

interviewees were chosen according to their knowledge and involvement in the PPP programs 

analyzed (Table 5-4) and the experts were selected to ensure diversity of perspectives, as Yin 

(2018) recommended. This included experts from the private and public sectors belonging to 

different functional areas and multiple hierarchy levels within their organizations. Furthermore, 

only three out of the 23 interviewees had between 5 and 10 years of experience, the remaining 

interviewees had more than ten years of experience. Based on the interview protocol, the 

authors asked questions about the perceived expectations, priorities, and values of the impacted 

stakeholders related to the PPP road programs and their involvement in the making-decision 

processes to understand what affects social legitimacy in these PPP programs. Next, 

interviewees were asked to describe the risks that create most disputes with the impacted 
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stakeholders and the communication and coordination mechanisms between responsible and 

impacted stakeholders throughout the life-cycle of PPPs. Additionally, the interviewees were 

asked about the dispute resolution mechanisms available for impacted stakeholders and the 

overall relationship between responsible and impacted stakeholders. All interviews were audio-

recorded and later transcribed into text to ensure accuracy and strengthen the analysis. All 

interviews lasted between 50 and 120 minutes and were held between November 2019 and 

May 2020. 

Table 5-4. Profile of the interviewees 

Colombia     Chile    

ID Sector 
Years of 

experience 
Field of experience ID Sector 

Years of 

experience 
Field of experience 

CR1 Public 5 - 10 Risk Manager CHR1 Private > 10 Academic 

CR2 Public > 10 Project manager CHR2 Public > 10 Project manager 

CR3 Private > 10 Consultant CHR3 Public > 10 Contract manager 

CR4 Private > 10 Contract manager CHR4 Public > 10 Contract manager 

CR5 Public > 10 

Ex-Director of the 

National 

Infrastructure 

Agency (ANI) 

CHR5 Private 5 - 10 O&M contractor 

CR6 Public > 10 

Ex-Director of the 

National 

Development 

Finance 

CHR6 Public 

> 10 

Project manager 

CR7 Private > 10 
Concessionaire’s 

consultant 
CHR7 Public 

> 10 
Consultant 

CR8 Public > 10 Project manager CHR8 Public > 10 Government official 

CR9 Public 5 - 10 Project manager CHR9 Private > 10 O&M contractor 

CR10 Public > 10 
Ex-Director of the 

ANI 
CHR10 Private > 10 O&M contractor 

CR11 Private > 10 Consultant     

CR12 Public > 10 Project manager     

CR13 Private > 10 Consultant     

5.4.3 Data Analysis  

For analyzing data, a multiple-stage approach was followed including the following 

steps (Figure 5-1):  
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Figure 5-1. Multi-stage Methodology Approach. 

 

First-order Coding Process: To allow systematic analysis of the multiple data sources, 

a coding process was used to organize information in codes and facilitate content analysis 

(Bazeley & Jackson, 2013; Braun & Clarke, 2013). Therefore, literature related to social 

legitimacy was read for generating codes. Each of the elements gathered from the literature 

review constituted an initial list of codes. This analysis identified 19 first-order codes, which 

are detailed in Table 5-5 including the main references considered for each. 

Table 5-5. Outcomes from the coding process 

2nd-Order 

Codes 
1st-Order Codes 

References 
Illustrative Quotes 

1. Social 

Involvement 

Issues 

- Prior Consultation Process [1],[2],[3],[4],[5] CHR2: “Many people believe 

that prior consultation is to ask 

the private party for more 

things, so they go to the 

concessionaire instead of the 

State from the implementation 

phase to demand more.” 

- Communication [6],[7],[8] 

- Social Inclusiveness [6] 

- Stakeholders’ timing of engagement [8],[9] 

- Participation in decision-making [6],[10],[11] 

- Lack of mutual interest [6] 

- Responsible stakeholders’ optimism 

bias 

[8],[12] 

2 Distrust 

between 

Impacted 

and 

Responsible 

Stakeholders 

- Responsible stakeholders' awareness [6] CR2: “The communities charge 

the project for the historical 

abandonment by the State. False 

communities appear suddenly. 

That kind of situation is quite 

difficult to manage.” 

- Impacted stakeholders’ rights [13] 

- Social opportunism [11],[12] 

- Lack of responsible stakeholders’ will [6] 

- Public sector’s centralization [14] 

- Use of coercive power [15], [16] 

3 Lack of 

Social 

Criteria 

- Revenue guarantee [12] CR3: “Users have no 

alternative roads and that is a 

big difference from other 
- Cost overrun risk [12] 

- Site acquisition risk [3],[17] 
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within the 

Toll Tariff 

Policy 

- Social opposition risk [3],[14], [17] countries. Therefore, you can 

put tolls, but the people will 

quickly reveal if they think the 

tolls are excessive.” 

- Demand risk [3],[12],[17] 

- Toll tariffs [15] 

[1] (Dansoh et al., 2020); [2] (Amadi et al., 2018); [3] (Yescombe & Farquharson, 2018); [4] (Reeves, 2013); 

[5] (Priemus et al., 2008); [6] (Benítez-Ávila et al., 2018); [7] (Z. Zhang et al., 2009); [8] (El Asmar et al., 

2013); [9] (Caldwell et al., 2017); [10] (Van Gestel et al., 2012); [11] (Levitt et al., 2009); [12] (Dewulf & 

Garvin, 2020); [13] (Derakhshan et al., 2019); [14] (Levitt et al., 2014); [15] (Matos-Castaño et al., 2014); [16] 

(Biygautane et al., 2019); [17] (Nguyen et al., 2018). 

 

Case-Study’s Data Analysis: A triangulation process was used to analyze each of the 

cases: (i) More than 30 hours of interviews were audiotaped and transcribed, resulting in almost 

500 pages of text. (ii) The authors read the interviews to develop a narrative of critical factors 

related to social legitimacy processes within PPP programs, which has been recommended as 

a relevant stage before qualitative analysis (Biygautane et al., 2019). (iii) Through the lens of 

the first-order codes, a content analysis of legislation, contracts, and interviews was done. The 

legislation review focused on understanding the intended roles of stakeholders and the 

regulatory environment established for each country at a program level. The contract review 

allowed the authors to identify the intended processes, roles, rights, and responsibilities of the 

stakeholders for each of the projects at a project level. Next, an exhaustive analysis of the 

interviews’ transcripts revealed the actual performance of the PPP programs. For the analysis 

process, NVivo 12 was used  (Bazeley & Jackson, 2013). 

Second-order Coding Process: Once the case data was analyzed based on the first-

order codes, an aggregation process was conducted for building the second-order codes in an 

inductive way. Challenges related to the impacted stakeholders’ participation within the PPP 

programs were labeled as Social Involvement Issues; challenges associated with impacted 

stakeholders’ trust were coded as Distrust between Responsible and Impacted Stakeholders, 

and; challenges linked to user-payment implications for social legitimacy in PPP programs 

were named Lack of Social Criteria within the Toll Tariff Policy. Table 5-5 summarizes the 

first- and second- order codes, the main references taken into account, and some illustrative 

quotes from interviewees.  

In order to validate the established codes, a structured grouping strategy was followed. 

There were assigned roles to the authors: the first three authors were the analysts, and the last 

author (i.e., the most experienced researcher) was the supervisor. The second author was an 

analyst for the Colombian case, the third author was an analyst for the Chilean case, and the 

first author was an analyst for both cases. The role of each analyst was established according 

to their expertise. The analysts reviewed the legislation, contractual documents, and transcripts, 
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in line with the first-order codes, and established the second-order codes for the challenges of 

social legitimacy. Each of the authors checked every single first-order code. If there was a 

disagreement among the analysts, the discrepancies were discussed. In case of remaining 

discrepancies after two rounds of discussion, all authors (including the supervisor) further 

discussed the discrepancies until achieving consensus.  

5.5 FINDINGS 

Based on the data analysis, three main sets of challenges for achieving social legitimacy in road 

PPP programs emerged at the institutional environment level that envelopes social consultation for PPPs 

(i.e., legal framework), at the level of the organizations that participate in implementing PPPs (i.e., 

stakeholders), and at the PPP program’s level (i.e., pricing policy) (Table 5-6). These challenges are 

presented and further elaborated upon in more detail in the following subsections. 

Table 5-6. Social Legitimacy Challenges 

Challenges  Level Dimensions Colombia Chile 

 

1 Social 

Involvement 

Issues 

Institutional D1.1 Poor Legislation Enforcement X X 

 D1.2 Limited Consultation Scope X  

 D1.3 Lack of a Life-cycle Perspective X X 

 D1.4 Deficient Identification of 

Heterogeneous Impacted Stakeholders 

  

2 Distrust 

between 

Impacted and 

Responsible 

Stakeholders 

Organizational D2.1 Negative history between 

stakeholders 

X X 

 D2.2 Public sectors’ centralization X X 

 D2.3 Use of coercive power X X 

 D2.4 Impacted Stakeholders’ Opportunistic 

Behavior 

X X 

3 Lack of 

Social Criteria 

within the Toll 

Tariff Policy 

Program D3.1 Excessive toll tariffs  X X 

 D3.2 Optimistic public sector bias X X 

 D3.3 Risks supported by toll tariffs X X 

 D3.4 Tariff vs. Service Levels  X 

5.5.1 Challenge Group 1: Social Involvement Issues 

Social legitimacy is conditioned by the perception of the impacted stakeholders about 

how much their concerns and interests are taken into account in the decision-making process, 

as determined by the social consultation process established in both countries’ national legal 

frameworks.  The consultation process is essential for social legitimacy, given that this is the 

first communication channel between the impacted and responsible stakeholders. Despite the 

significance of this process, interviewees from both countries declared that the current social 

consultation process is a significant challenge because of its multidimensional fragmentation.  

The first dimension of this challenge group is related to poor legislation enforcement 

(D1.1). The legal framework analysis showed that both countries ratified the International 
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Labor Organization Convention 169 (ILO 169). It formulates the foundations of tribal and 

indigenous peoples’ rights to be consulted when a project affects their cultural heritage and has 

been extended to local communities (i.e., Chilean Law 19253/1994 and Colombian Law 

21/1991). However, there is an absence of an overarching law to establish prior consultation 

within PPPs in Colombian and Chilean national programs resulting in various decrees, laws, 

rulings, ordinances, and presidential directives (Table 5-2). Consequently, the current 

requirement of prior consultation is based on fragmented legislation that aims to identify and 

consult local, indigenous, and other ethnic communities in a disintegrated way. As the number 

of legislation regarding prior consultation increases, the government's capacity for verifying 

and enforcing laws and norms decreases. The consequence is that impacted stakeholders are 

not aware of this legislation, and the risk of litigation and claims from them is low.  As a public 

sector interviewee (i.e., CR6) emphasized: “I do not think it is fair to blame the community if 

the community has not even been informed and has not been consulted.”  

The second dimension of this challenge group is the limited consultation scope (D1.2). 

In Colombia, the Constitutional Court has set the standards for prior consultation focused 

exclusively on ethnic minorities (e.g., afro descendants and indigenous peoples) because of the 

fragmented legislation related to this topic (i.e., Rulings SU039/1997 and C030/2008). This 

process is mandatory for PPPs when the Ministry of the Interior identified these communities 

within the project’s geographic area. Although all the PPPs should conduct socialization 

processes with impacted stakeholders (i.e., EPIT-P-004 procedure for the socialization of 

infrastructure projects), these processes are diminished because they are not mandatory by a 

legal framework but only by the public sector’s internal procedures. In Chile, the absence of 

an enforcement law relating to prior consultation has motivated the Environmental Evaluation 

Service (Servicio de Evaluación Ambiental – SEA) to incorporate citizen involvement in 

evaluating projects as one of the responsibilities within the Environmental Qualification 

Resolution (i.e., Supreme Decree 40/2012).  

Despite the significant number of decrees, laws, rulings, ordinances, and presidential 

directives to establish prior consultation applicable for PPPs in Colombian and Chilean national 

programs, this legislation is predominantly focused on indigenous and ethnic minorities rather 

than impacted stakeholders that do not belong to these ethnic groups. These impacted 

stakeholders have a lower involvement because of the weaker enforcement and scope of the 

consultation. This limited consultation scope can have a larger impact given that road PPP 

programs analyzed gather single projects up to 500 km in length including heterogeneous local 
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communities that may include a large proportion of impacted stakeholders that do not belong 

to any ethnic minority.  

The third dimension is the lack of a life-cycle perspective for the involvement of 

impacted stakeholders (D1.3). Currently, in Chile and Colombia, the involvement of the 

impacted stakeholders is limited to the prior consultation process in the shaping phase. This 

process is the only mandatory communication mechanism, but it does not cover the entire PPP 

life-cycle. Communication processes are established formally only in the procurement phase 

but in the construction and operation phases are non-mandatory and undefined. One Chilean 

respondent (CHR2) exemplified this interruption in communication: “Many people believe that 

prior consultation consists in asking the private party anything, so they go to the 

concessionaire instead of the government from the implementation phase to demand more.” 

There are no meaningful mechanisms that allow impacted stakeholders to communicate with 

responsible stakeholders in the remaining phases of the project’s life cycle (i.e., implementation 

and operation phases).  

Fragmented communication lasts throughout the life cycle because of the absence of 

the public sector in the project. Thus, the private sector becomes the only responsible 

stakeholder interlocutor, diminishing PPPs’ social legitimacy. In this respect, interviewees 

from both countries have highlighted the concessionaires’ claims for increasing the public 

sector participation in the communication processes with impacted stakeholders. For example, 

one Colombian private sector’s interviewee (CR11) commented: “The concessionaires have 

complained that they are left alone to deal with the communities from the implementation 

phase”. Colombian contractual clauses have also highlighted this challenge because the public 

sector is considered a mere companion of the prior consultation processes rather than sharing 

the responsibility of conducting these processes. In contrast, Chilean contractual clauses do not 

mention prior consultation directly but only the liability of the concessionaire to comply with 

the requirements of the Environmental Qualification Resolution (Table 5-7).  

  

Table 5-7. Standard Contractual Clauses related to Prior Consultation 

Country Concessionaire’s Responsibilities Public sector’s Responsibilities 

Chile The concessionaire will be responsible … for the 

adoption of appropriate measures for the conservation 

and protection of the environment …, and are 

required to implement all the necessary actions to 

ensure optimal environmental and territorial 

management of the concession and comply with … 

the environmental requirements established in the 

Environmental Qualification Resolution. 
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Colombia The Social and Environmental Management required 

to execute the interventions will be the 

Concessionaire’s responsibility, who will carry out 

such work, fully attending to the distribution of 

obligations and responsibilities established in … this 

Contract. The Concessionaire must undergo 

consultations with indigenous and afro-descendant 

communities, and they must follow guidelines under 

the Applicable Law. 

The ANI is required to delegate an … 

official … to accompany the 

Concessionaire in consultation with 

indigenous and afro-descendant 

communities and to coordinate with the 

Ministry of the Interior the necessary 

procedures to carry out and conclude 

these consultations when required by 

law. 

 

The lack of involvement of impacted stakeholders over the PPP life-cycle contrasts with 

the integrated approach claimed by the PPP project delivery. One of the greatest achievements 

of the PPP over traditional procurement methods is that it does not merely pay for building the 

facilities. The payment depends on the service levels achieved throughout the PPP life-cycle. 

However, there is no requirement for any impacted stakeholders’ involvement performance 

except a tick box for conducting a prior consultation process once in the shaping phase. 

Some conflicts over infrastructure projects have raised concerns that communities may 

tie up projects under the constitutional appeal process, claiming that consultations fail to meet 

given the undefined process. As a private sector interviewee (CR11) exposed: “the 

concessionaires are rushing to make prior consultation processes, which is neither so prior 

nor so consultative, taking advantage of the situation of COVID-19 and to overcome 

bottlenecks of prior consultations.” Interviewees also highlighted that the intended consultation 

scope and further social legitimacy are not being reached. Respondents perceived significant 

underperformance of the social consultation process for impacted stakeholders, as a private 

sector respondent (CR13) described: “There has also been a problem with the government not 

socializing so well and the community has not even been informed or consulted properly.” One 

reason for this underperformance is that responsible stakeholders are likely to develop current 

prior consultation processes in PPPs as a “checking a box.” This lack of interest diminishes 

prior consultation processes to one more requirement established in law or for achieving 

licensing required for the implementation phase. Private sector Colombian interviewees agreed 

that adequate communication with impacted stakeholders must be motivated by a real interest 

in their concerns rather than fulfilling a requirement most quickly. This misbehavior 

jeopardizes the meaning of prior consultation and reduces the adequate involvement of 

impacted stakeholders, making it challenging for social legitimacy.  

The fragmented identification of impacted stakeholders (D1.4), which is the fourth 

dimension, jeopardizes the prior consultation process in the shaping phase. This fragmented 

identification is a significant challenge because the impacted stakeholders are a wide 

arrangement of persons and social organizations with dissimilar backgrounds and even settled 
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hundreds of kilometers from the project site, requiring significant effort for proper 

identification in PPPs. Interviewees recognized that some impacted stakeholders are beyond 

the project itself. The identification processes of impacted stakeholders must be expanded to 

include diverse national entities and local governors. Improper identification of this diverse 

arrangement could undermine persons’ legitimate rights and organizations affected by PPP 

programs. Consequently, social legitimacy relies significantly on an adequate identification 

process of impacted stakeholders. 

Two contradictory views were found relating to the fragmented identification of 

impacted stakeholders. Interviewees from both countries agreed about the difficulty of properly 

identifying those who can be considered as ‘impacted stakeholders’. Several interviewees 

across both countries recognized the insufficiency of this process, as one Colombian private 

sector respondent (CR13) described: “Impacted stakeholders include so many actors that it is 

impossible to unify them as one group. One community is different from each other.” 

Conversely, public sector interviewees in both countries are less aware of this deficit than 

interviewees from the private sector. This issue was especially prominent in Chile. In fact, only 

one Chilean public contract manager (CHR4) of the 23 interviewed felt that the identification 

process was adequate. As a result, it seems that the stakeholder who is responsible for the 

identification process is the one who is the least aware of this challenge.  

Interestingly, the Chilean PPP program demonstrated a better performance in this 

dimension because of the effective use of the Environmental Qualification Resolution as an 

overarching mechanism for guaranteeing the communities’ involvement in the shaping phase. 

Conversely, the Colombian PPP program only promotes local communities’ involvement in 

the shaping phase required by internal procedures within the National Infrastructure Agency 

without further requirements by a higher-level norm. This underperformance in Colombia was 

reflected in complications related to the prior consultation of one PPP project that must be 

postponed to the next PPP program (i.e., Mulalo-Loboguerrero).  In this respect, one 

Colombian interviewee (CR6) highlighted: “some projects have great difficulties in prior 

consultations with communities such as Mulalo-Loboguerrero. There are some belligerent 

afro-descendant communities with which it has not been possible to complete the shaping phase 

because of the prior consultation process issues.” 
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5.5.2 Challenge Group 2: Distrust between Responsible and Impacted Stakeholders 

Social appropriation and desirability are built by impacted stakeholders’ mindsets. 

These mindsets have been shaped by the previous history of collaboration or antagonism 

between responsible and impacted stakeholders (D2.1). In this respect, the Colombian PPP 

program has incorporated more significant issues than Chile because of the negative history 

between the State and some specific communities. Therefore, Colombian public sector 

interviewees highlighted that local communities often point out historic state abandonment. 

Consequently, when these communities notice that a PPP project will be conducted, they often 

behave opportunistically. This implies that there are challenges to PPP social legitimacy that 

emerge from the perception of impacted stakeholders in previous PPP programs or even before 

PPP programs’ arrival. Often PPP programs’ social legitimacy depends on the historical 

relationship between the public sector and impacted stakeholders. For instance, one Colombian 

public sector respondent (CR2) exposed: “The communities charge the project for the 

historical abandonment by the State. If a community has good access to services, they will not 

behave opportunistically because they realize that the project benefits them.” Therefore, 

negative precedents in the relationship between impacted and responsible stakeholders are 

often an obstacle to building momentum, which is required to consolidate social legitimacy. 

Consequently, this previous history (including previous PPP programs developed) determines 

the starting conditions of social legitimacy within current PPP programs. 

The influence of the negative history between stakeholders on communities’ distrust 

and further opportunist behaviors was found in Colombia rather than Chile. Colombian 

interviewees highlighted how historic state abandonment shapes an opportunistic mindset in 

communities. Therefore, underperformance and failures in previous PPP projects are 

significant challenges for future PPP programs that aim to redevelop these projects. In this 

scenario, impacted stakeholders aim to blackmail the project by threatening to block the roads 

and conduct protests if their demands for additional compensation were rejected. Paradoxically, 

these additional compensations often are paid by the impacted stakeholders through tolls, 

creating an endless reinforcing cycle of social legitimacy erosion. 

This social legitimacy challenge was especially significant in two PPP projects in 

Colombia. One interviewee (CR7) highlighted: “In 1997 a first PPP project was tendered, but 

the project was not developed properly. Later, in the last PPP program, a project (Ruta del 

Sol) was early terminated because it was demonstrated corruption from one company within 
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the concessionaire (Odebrecht). Therefore the project was not completed, but the users paid 

tolls. Currently, a new PPP is being planned for this road, but the communities are opposed to 

this project because of the previous history.” Another interviewee (CR 9) highlighted: “The 

community opposes Mar 2 Highway because the previous PPP was not properly developed. 

This negative precedent is more significant for the community than any promise about the 

benefits of a new PPP. The community will not believe in (that) promises. It is very important 

to consider the negative predisposition due to what has happened in previous PPP programs.” 

The centralized tradition in non-federalist countries such as Colombia and Chile also 

triggers distrust (D2.2). Therefore, PPP programs managed by national entities did not 

guarantee a permanent local presence for allowing relationships between impacted 

stakeholders and local governments. A Colombian public sector respondent emphasized: 

“Dialogue with the impacted stakeholders is difficult because as the ANI is a purely central-

level entity, impacted stakeholders do not feel they have a close relationship with it.”. This 

local presence allows impacted stakeholders a line of communication with responsible 

stakeholders, which is a necessary step for building trust.  

Another relevant challenge is that PPP contractual provisions consider social opposition 

and protests as risks, which could be addressed using coercive power (D2.3). As one 

Colombian interviewee (CR2ii) described: “The police go with you to remove the people who 

are there, and they go to remove them, the communities oppose it arguing that there are an 

elderly or a child injured.” Using this coercive power increases distrust between impacted and 

responsible stakeholders. Therefore, contractual provisions establish that the concessionaire is 

responsible for the delays and costs of protesters’ occupation rather than advocating for 

communication channels to solve discrepancies (Table 5-8). This traditional contractual 

governance vision jeopardizes social legitimacy creation by eroding trust between responsible 

and impacted stakeholders. As a result, the communication channels between impacted and 

responsible stakeholders are diminished since the beginning of the implementation phase. At 

the same time, contractual governance is focused on outsiders’ social opposition rather than 

building trust between stakeholders.  

Table 5-8. Standard Contractual Clauses related to Social Opposition Risk 

Country Access to the Project Corridor Lands Losses caused by Third Parties 

Chile It will be the exclusive responsibility of the 

Concessionaire Company to safeguard the land 

and other assets, as well as any delays and costs 

overruns that may occur during construction as a 

result of the inability to access the land due to the 

installation of unauthorized constructions or  
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occupations by third parties, which occurred after 

the date of delivery of the expropriated area. 

Colombia (xi) The unfavorable effects … that the 

Concessionaire has to incur due to the invasion of 

the Project Corridor by third parties (is a risk 

assigned to the concessionaire), given that the 

Concessionaire must take the necessary measures 

provided for the Applicable Law for the defense 

and protection of the Project Corridor in the 

proper and timely manner. 

(xii) The unfavorable effects derived from 

all and any losses of the Concessionaire’s 

property caused by third parties other than 

the ANI (is a risk assigned to the 

concessionaire), without prejudice to its 

right to demand from third parties the repair 

or compensation of the direct and/or 

indirect losses when applicable. 

 

 

(xviii) The effects derived from the total or 

partial destruction or theft of the goods, 

materials, and equipment of the 

Concessionaire or its subcontractors (is a 

risk assigned to the concessionaire). 

 

 

(i) The liability exemption event 

does not include a strike, riot, civil 

and/or mass unrest, malicious acts 

by third parties, or terrorism, which 

are risks that the Concessionaire 

must insure. 

Impacted stakeholders had shown systematic opportunistic behavior (D2.4), which 

interviewees across all the sectors highlighted. This opportunism is materialized in the 

emergence of two different processes that trigger cost overrun risk. This opportunistic behavior 

was found in Colombia in the shaping phase but not in Chile. People who were not part of local 

communities took advantage of the planning and prior consultation pitfalls. Impostors sought 

compensations based on false claims that they had been living on the land for years, hoping to 

take advantage of the guarantor state’s judges and issues in prior consultation processes and 

project planning. One Colombian private sector interviewee summarized: “There are people 

who want to take advantage of the difficulty in identifying the impacted stakeholders. Suddenly, 

people appear out of nowhere and argue that they are harmed by the project even though there 

is no evidence to support this claim.” 

Conversely, a different kind of opportunistic behavior was found in Chile compared to 

Colombia. This behavior occurred after the shaping phase once the concessionaire had been 

chosen in the tendering process. Consequently, impacted stakeholders would blackmail 

projects by threatening to block the road and conduct protests if the responsible stakeholders 

did not accede to those increasing demands for additional infrastructure or economic 

compensations beyond what was initially agreed. In this respect, one Chilean private sector 

interviewee opined: “Communities blackmail the project, they raise costs that are transferred 
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to the State. Often, the additional infrastructure demanded by the community as compensation 

is not feasible because it does not satisfy social cost-benefit criteria.” 

Ironically, all the claims and blackmails made by local governments, future users, local 

communities, or (real and fake) landowners are paid by impacted stakeholders themselves, 

given that these are user-pay road PPP programs. As a result, impacted stakeholder 

opportunism could create an endless reinforcing cycle of social legitimacy erosion. Public 

sector interviewees from both countries highlighted how hard it is to make impacted 

stakeholders understand that they will be the ones to pay in the long run for increasing the 

project’s scope (i.e.., increasing toll tariffs or tax contributions required).  A Chilean public 

sector interviewee (CHR2) highlighted: “It is difficult to make communities and mayors 

understand that the private sector is not a source of payment. Everything that a mayor asks 

for, even when he asks for compensation, is not paid by the private sector but by the State. All 

Chile is paying for it.”  

5.5.3 Challenge Group 3: Lack of Social Criteria within the Toll Tariff Policy 

The users mainly finance toll roads through user payments; thus, toll tariffs and service 

levels become the primary economic concerns for impacted stakeholders. In most PPP 

programs, there is no toll tariff policy with a pre-established mechanism for determining the 

maximum toll tariff allowed. These toll tariffs do not consider the impacted stakeholders 

thoroughly but are excessively driven by the public sector’s incentive to reduce its subsidies. 

In this regard, one Chilean private sector’s respondent exposed: “The annual tariff increase in 

the Santiago City Urban Highways was CPI+3.5% per year. In a 30-year contract, this 

increase is madness. Nowadays, people pay excessive prices for using these urban toll roads. 

A part of the massive social movement protesting in Chile in 2019 was specifically focused on 

not wanting to pay more for using the highway.” This liability is exacerbated in both PPP 

programs by excessive toll tariffs (D3.1), optimistic public sector bias (D3.2), risk management 

that is supported by toll tariffs (D3.3), and service levels achieved (D3.4).  

The public sector develops the toll pricing policy with the main priority of reducing 

public sector funding as much as possible, which was emphasized by interviewees across all 

sectors in both countries. A Chilean public sector’s interviewee (CHR6) emphasized: “While 

significant increases of tariffs allowed for reducing state subsidies, it resulted in the 

renegotiation of these tariffs due to social opposition. If toll tariff policy is not balanced, it can 

be bread for today and hunger for tomorrow. High toll prices can have social and political 
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consequences and can discredit the PPP program.” As a result, the yearly increase of tariffs 

was significant in both countries and can result in unsustainable toll prices, eroding road PPP 

programs’ social legitimacy. For example, unsustainable toll prices failed one Colombian PPP 

road (i.e., Guajira-Cesar PPP) because the impacted stakeholders did not allow for installing 

the intended new tolls.  

Establishing top limits on toll tariffs is necessary for avoiding the natural bias of public 

project managers for prioritizing the reduction of public subsidies through the life-cycle of PPP 

projects. This social legitimacy challenge triggers noticeable consequences in the Colombian 

PPP program. Therefore, unsustainable toll tariffs failed one PPP project (i.e., Cesar-Guajira) 

because of the opposition of impacted stakeholders to installing the intended new tolls. One 

interviewee (CR6) highlighted: “In this project, the community did not accept new tolls. Given 

that 80% of the income comes from toll revenues, the PPP had to reach an agreement for early 

termination.” Another interviewee (i.e., CR8) complemented: “Establishing more than three 

tolls in one of the poorest regions in the country is not going to work in any way.” 

According to interviewees from both countries, optimistic public sector bias is one 

meaningful trigger of excessive toll tariffs. In this respect, one Colombian public sector 

respondent (CR13) indicated: “There are optimistic forecast biases in both costs and toll 

revenues. There may be biases to estimate higher toll revenues than what is realistic, but there 

are also biases towards unrealistically low budgets.”  Therefore, financial projections of PPPs 

are often affected by the optimism bias of the public sector. As a result, the public sector is 

likely to miscalculate the impact of tariff increases on impacted stakeholders and make 

unrealistic optimistic assumptions. 

Consequently, traffic forecast optimism bias triggers increasing economic gaps for 

projects when the real traffic is less than projected (i.e., CR7). Additionally, the optimistic bias 

in the budget of the risks shared or allocated by the public (e.g., land acquisition, environmental 

risk, and connections to the site) can impact toll tariffs negatively and, consequently, erode 

social legitimacy. A Colombian private sector’s respondent (CR7) highlighted the awareness 

of the public sector of the social legitimacy implications, exposing: “The previous government 

was very clever because it established the first compensation for traffic gaps in the PPPs within 

the current program in year 8 of operation because it knew that the next government must deal 

with the problem of optimistic traffic projections.” Moreover, two additional risks were 

identified that could exacerbate toll tariff increases. First, both governments bore demand risk 

by guaranteeing revenues for the private sector if traffic is lower than expected (Table 5-9). As 

a result, impacted stakeholders will be forced to carry the risk either directly or indirectly. 
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Second, both PPP programs’ contractual clauses allow for the concessionaire’s compensation 

for some risks through additional toll tariff increases.   

Table 5-9. Standard Contractual Clauses related to Demand Risk and Toll Rate Increase 

Risk Chile Colombia 

Demand 

Risk 

Distribution of Demand and Collection 

Risks 

A Minimum Income Guaranteed (MIG) 

mechanism … allows for the distribution of 

the risks derived from the uncertainty 

regarding the number of vehicles that will 

circulate through the Collection Points and 

that will pay their rate during the operation. 

Main Obligations of the ANI during the operation and 

Maintenance Stage 

In years 8, 13, and 18, if the concessionaire has not achieved 

its corresponding Present Value of the Toll Collection, the 

difference is calculated, and the ANI will reimburse the gap to 

the concessionaire. If by the 25th year the concessionaire has 

not met its present value of the toll collection, the concession 

period of operation can be extended until the 29th year. 

Toll 

Rate 

Increase 

Suspension of the Concession 

The indemnities that proceed to 

compensate the concessionaire, if it has 

suffered damages, may be expressed in an 

increase in the concession period, State 

contributions, rate increases, or any other 

factor of the economic regime of the 

contract. 

Risks Assigned to The Ani 

The unfavorable effects of modifications to the rates provided 

for the Toll Resolution, the implementation of differential rates 

in the existing Toll Stations and/or new Toll Stations, on the 

roads that are part of the Project. To offset the Value of the 

Materialization of this Risk, the Mechanisms for Risk 

Compensation will be used. 

 

 

Mechanism to Increase Toll Stations and Rates 

Compensation for Risk will be recognized to the 

Concessionaire by increasing the rates of the Toll Stations 

and/or the installation of additional toll stations that allow the 

Concessionaire to obtain the Present Value of the Toll 

Collection. 

 

Once these risks are materialized, users can be affected by either increasing toll tariffs, 

increasing concession periods, or increasing taxes. In turn, an interviewee from the Colombian 

private sector suggested that there are political drivers in designing mechanisms for 

compensating demand risk, such as establishing the periods for compensating traffic gaps to 

the concessionaire in the next presidential period. As a result, interviewees from both countries 

explained that the public sector’s tolling policy had been driven by reducing future public 

payments and low demand elasticity given the non-competing clauses (i.e., there is no 

alternative road in several cases). In the end, the public sector’s funding priorities undermine 

the social impact of excessive annual tolls. This absence of the social criteria tariff design is a 

relevant challenge to social legitimacy and decreases trust between impacted and responsible 

stakeholders. 

The underperformance in the relationship between payment and service level has been 

a significant social legitimacy challenge found in the Chilean rather than the Colombian PPP 

program, especially in the urban concessions. The intended purpose of the toll tariff policy in 

urban concessions was to increase tariffs in the higher congestion time frames to discourage 

users from using these roads in these time frames and reduce congestion. Nevertheless, 

interviewees highlighted that the intended self-adjustment of demand in peak hours and high 
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congestion periods did not work, which triggered most of the users to pay the highest tariffs 

for the worst service levels. One Chilean private sector interviewee (CR7) described: “On the 

Urban PPPs in Santiago, significant surcharges were established at peak hours and when 

congestion occurs to discourage the use of road when there was excessive traffic. However, 

the strategy did not work because users continued using the road. Users end up paying much 

more in exchange for worse service, and also the PPP lost revenues because as the mean speed 

is slower 3 o 4 hours per day, fewer cars circulated, so everyone lost.” In addition, national 

governments had to renegotiate tariffs for all urban road PPPs within the Chilean capital due 

to user discontent concerning the excessive periodic raising of congestion prices, even when 

the travel time decreased over time. The latter case is especially significant because the pricing 

policy implied an annual increase of 3.5% over the Consumer Price Index (CPI). As a result of 

massive protests, toll prices were renegotiated. 

Overall, these three groups of challenges depicted are interwoven. Predisposed negative 

mindsets by impacted stakeholders against responsible stakeholders can trigger distrust and 

social opportunism. This distrust, in turn, led responsible stakeholders to conceive that 

impacted stakeholders were a risk, and the former aimed to reduce the influence of the latter in 

making decisions within the prior consultation processes. Therefore, impacted stakeholders are 

not thoroughly taken into account when designing toll tariff policies. Finally, significant tariff 

increases jeopardize trust and trigger riots and protests.  

5.6 DISCUSSION 

This study contributes to the PPP body of knowledge by providing a multilevel analysis 

of the challenges for gaining social legitimacy in user-pay PPPs in two programs. The analysis 

reveals challenges related to PPPs’ institutional, organizational, and program levels and 

requires a triadic stakeholder perspective to deal with them. In the following, these findings are 

further discussed.     

At the institutional level, this study demonstrates that an unbundled and heterogeneous 

PPP consultation process leads to improper identification and involvement of impacted actors. 

This misbehavior inhibits the development of proper governance mechanisms between 

responsible and impacted stakeholders over the PPP life-cycle. Consequently, results suggest 

that the value perception of impacted stakeholders can be enhanced by reshaping their role in 

the PPP institutional framework. The institutional framework should transform the traditional 

dyadic governance schemes into triadic schemes considering impacted groups as internal 
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stakeholders within PPP programs rather than externalities. This complements and specifies 

Kivleniece’s and Quelin’s (2012) argument that transportation PPPs create value by combining 

public sector oversight and private partners’ operational and management skills.  

Accordingly, maximizing value creation in road PPPs requires a stakeholder 

management perspective from the public and private sectors that incorporate impacted groups 

as a stakeholder typology within the PPP institutional framework. This means that responsible 

stakeholders should make value propositions to impacted stakeholders beyond infrastructure 

provision requirements. To do so, public and private sectors should give this stakeholder group 

a more prominent role in key decision-making processes across the PPP lifecycle. This can be 

done through a process aiming for identifying impacted stakeholders, establishing their key 

interests, building a mutually agreed communication strategy, and conducting a frequent 

assessment of the stakeholder management process based on mutually agreed performance 

indicators. 

At the organizational level, the absence of triadic relational governance mechanisms 

between impacted and responsible stakeholders combined with opportunistic behaviors of 

impacted groups jeopardizes the development of a shared vision required to boost PPP 

programs’ social legitimacy. Extant PPP governance literature adopting a dyadic perspective 

has emphasized the role of relational governance in addressing the governance challenges 

between the public and the private sectors that isolated contractual governance cannot 

overcome (Benítez-Ávila et al., 2018, 2019). This study further demonstrates that governance 

limitations affect the triadic relationship between the public, the private, and the impacted 

stakeholders. Previous research has already proposed the integration of third parties within the 

PPP governance scheme for enabling the capacity of PPP (Jooste & Scott, 2011) but focused 

on enabling organizations (i.e., advocacy associations and nonprofit organizations) rather than 

impacted stakeholders. This research shows that relational governance should be addressed in 

a triadic perspective, including impacted stakeholders to increase social legitimacy in PPP 

programs and eventually value creation for the public and the private sectors due to reducing 

uncertainty and social risks. Consequently, triadic governance mechanisms, such as trust and 

relational ties, between responsible and impacted stakeholders are necessary for achieving 

social legitimacy.  

There is, however, a trade-off between trust among the public and private sectors, and 

social legitimacy mediated by contractual governance. Risk literature suggests that social 

opposition risk should be managed by the public sector rather than sharing or transferring to 

the private sector because of its exogenous nature (Chan et al., 2010; Yescombe & 
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Farquharson, 2018). The risk allocation pattern is considered relevant for creating trust between 

the public sector and private organizations but, simultaneously, generates the private sector’s 

disinterest and negligence regarding social concerns. While Henisz et al. (2012) conclude that 

the “effectiveness of relational contracting can be an important complement to neoclassical 

contracting”, this paper complement this perspective by acknowledging that the effectiveness 

of relational contracting between impacted and responsible stakeholders is also restricted by 

current contractual mechanisms when the private sector is not liable for social risks. 

At the program level of user-pay PPPs, neglecting the economic conditions of users and 

the allocation of risks to them in terms of additional tariff increases or flexible term concessions 

will lead to social activism. Previous research emphasized social activism as a mechanism for 

directly redistributing value from the private sector at the project level, especially in 

autonomous PPPs such as toll roads (Kivleniece & Quelin, 2012). Conversely, this study 

demonstrates that the intended purpose of social activism for restraining private value capture 

in PPPs is only achieved at the program level because of the current contractual governance 

mechanisms. Revenue underperformance risks are used to be borne by the public sector 

through contractual mechanisms such as Minimum Income Guarantees or Flexible Terms. The 

former mechanism allows for public compensation when revenues are lower than projected 

(Vassallo & Soliño, 2006). The latter mechanism allows for extending the concession period 

when revenues are below the projections, implying that the users will pay for more years than 

projected (Engel et al., 2001). In Colombia, the early-terminated PPP resulting from the social 

activism against tolls implied a significant financial compensation for the private according to 

the contract clauses. In Chile, ex-post toll tariff renegotiation in the urban toll road PPPs 

achieved by the social mobilization movement was compensated by the government rather than 

the private sector. However, long-term social legitimacy erosion has triggered increasing 

political activism to change value redistribution for upcoming PPP programs. In Colombia, the 

new toll road PPP program, which will bid the first project in 2021, imposes higher 

requirements on the private sector by eliminating flexible terms, higher environmental 

requirements, and additional complementary work for responding to social activism claims 

made during the 10-years-period of the current PPP program (Ennes, 2020).  

The traditional service-fee payment mechanisms in road PPPs inhibit social legitimacy 

because these procedures are strongly based on considerations associated with service levels, 

neglecting social performance indicators. Managerial efforts for creating social legitimacy are 

hindered due to the absence of social performance-based indicators in payment mechanisms. 

For instance, key relational governance mechanisms for building social legitimacy, such as 
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social control, are impeded by Least Present Value of Revenues payment mechanisms, which 

were theoretically proposed and implemented by Chilean scholars in the 1990s (Engel et al., 

1997) and have been widely promoted in Chile and Colombia (Carpintero et al., 2015). 

Consequently, social control is not capable of effectively restraining private value capture at 

the project level, as Kivleniece and Quelin (2012) proposed.  

5.7 IMPLICATIONS FOR PRACTICE 

To address the challenges found, two potential strategies for enhancing social 

legitimacy in PPP programs are proposed: building relational governance and social criteria 

within toll tariff policy.  

5.7.1 Building Relational Governance 

Relational governance in long-term contracts can be built by integrating two main 

elements: trust and relational norms. Colombian interviewees (e.g., CR8) recognized the need 

for responsible stakeholders to guarantee frequent visits and develop shared goals with 

impacted groups in order to build trust. Inter-organizational trust must be created by 

responsible stakeholders through involving impacted stakeholders’ organizations (i.e., business 

associations, neighborhood organizations, industry organizations) as Chilean interviewees 

claimed (i.e., CHR6). Therefore, design and planning meetings should include strategic 

representatives of the impacted stakeholders as identified through in-depth analysis of their 

internal interactions. However, to develop inter-personal trust, it is necessary to implement 

non-contractual governance mechanisms such as informal meetings and cross-functional teams 

that create personal networks among the stakeholders around mutual reliability. Due to the 

disperse and heterogenous conformation of impacted stakeholders, such informal encounters 

may facilitate wide participation of impacted groups, as most of the studied projects exceed 

100 km in length, and some of them even exceed 300 km length, which implies that meetings 

should be conducted locally for achieving a meaningful trust-based involvement of impacted 

stakeholders. 

To boost social legitimacy, relational mechanisms based on two-way communication 

processes, collective decision-making procedures, solidarity, and flexibility should be 

developed. This means that improving social legitimacy requires an analysis of PPP projects 

beyond developing road infrastructure facilities. Colombian interviewees (e.g., CR8) 

highlighted that responsible stakeholders must demonstrate genuine interest in impacted 

stakeholders’ interests and needs in order to gain social support for PPP programs. Interviewees 
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(e.g., CR13) also emphasized the need for early inclusion of impacted stakeholders in decision-

making procedures in order to properly address social concerns and reduce their potential 

intransigency towards PPP projects. Overall, a credible government commitment focused on 

recognizing impacted stakeholders’ rights and concerns improves social legitimacy through 

agreed problem-solving mechanisms (CR8, CR9, and CR13).  

5.7.2 Social Criteria within Toll Tariff Policy 

There are two sets of strategies for building social criteria within the toll tariff policy, 

namely, increasing alternative sources of payment and reducing costs. Increasing alternative 

sources of payment implies redistributing payments from users to other social sectors or 

economic domains, such as local communities (i.e., land value capture mechanisms), vehicle 

users (i.e., heavy vehicle use taxes, truck and trailer sales taxes, tire taxes, vehicle excise taxes, 

gas or fuel taxes) or the general public (i.e., property, sales, income). Interviewees (e.g., CR2, 

CR10, and CHR6) recommended suitable alternative sources such as selling stakes of non-

strategic state-owned companies. On the other hand, costs can be reduced by lowering the 

project’s scope during the shaping phase, avoiding sunk costs, and achieving value for money, 

as interviewees (e.g., CR10) proposed. Cost reductions can also be achieved by lowering 

service levels to an acceptable minimum or reducing rehabilitation and maintenance costs, as 

some interviewees (e.g. CR7) emphasized.  

5.8 CONCLUSIONS 

By adopting a multiple-case study approach, this research studied the challenges of 

achieving road PPP programs’ social legitimacy. It contributes to the PPP body of knowledge 

by redirecting the discussion from overall legitimacy to social legitimacy challenges and 

including the impacted stakeholders in the PPP programs’ governance scheme. This novel 

perspective on the legitimacy of PPPs showed that achieving social legitimacy requires the 

extension of governance schemes from the current dyadic perspective restricted to responsible 

stakeholders to a triadic governance scheme considering impacted stakeholders as an important 

group within PPP projects rather than an externality.  

This study revealed three significant groups of challenges that must be addressed to 

achieve social legitimacy in user-pay PPP programs: (i) social involvement issues, (ii) distrust 

between impacted and responsible stakeholders, and (iii) lack of social criterial within the toll 

tariff policy. It demonstrates that social value creation and the impacted stakeholders’ 

perception of such value also require more engaged forms of integrating impacted stakeholders 
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in key making-decision processes not only based on the current consultation. Such a triadic 

governance perspective will ensure value creation of road infrastructure because social risks 

and uncertainty will be reduced, and social acceptance of PPPs increases. Particularly, 

relational governance mechanisms should be mobilized to boost the social legitimacy of PPP 

programs.  

A broad implication of this paper is the exposition of the myriad of challenges that need 

to be dismantled by using specific strategies to trigger social legitimacy in PPP programs. 

Understanding these challenges and the strategies for overcoming them is necessary for 

creating social value in PPP programs in both developed and developing countries. This study 

also challenges the traditional dyadic perspective among responsible stakeholders in PPP 

governance. It shows the relevance of impacted stakeholders not only for prior consultation 

processes in the shaping phase but also during the entire life cycle of PPPs. Such long-term 

stakeholder involvement becomes essential for creating PPP value in an increasingly complex 

environment.  

5.9 LIMITATIONS AND FUTURE RESEARCH 

This study has limitations. First, given that neither of the PPP programs analyzed had 

attained optimal social legitimacy, it was not possible to obtain an ideal counterfactual example 

of social legitimacy to contrast. Moreover, a suitable counterfactual example is even 

conditional to institutional and regulatory common environments such as being unitary rather 

than federalist governments, which implies that countries such as the US, Canada, Mexico, 

Brazil, Argentina, Germany, India, and Australia were not suitable referents. Additionally, only 

countries whose road PPP programs rely on user-payments would be suitable, resulting in 

dismissing countries such as the Netherlands, the UK, and Belgium, which are mainly based 

on availability payments models. Second, despite comparing two current national road PPP 

programs, these programs had begun almost ten years ago, which means that PPP projects had 

finished the shaping phase. However, not all of them have completed the implementation 

phase, and none have finished the operation phase. Future research could benefit from studies 

focused on PPP programs whose projects have finished the implementation or operation phase 

to contrast this study's findings. Third, this multiple-case study was developed in two mature 

markets in developing countries. Comparative analysis of developed and developing PPP 

programs could be fruitful for establishing further theoretical contributions. Fourth, this 

research was focused on toll road PPP programs. It could be contrasted in future research with 
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different PPPs such as availability payment or shadow tolls for understanding the implications 

of non-user payment models in the social legitimacy of PPP programs. Fifth, future research 

could benefit from studies, including non-road infrastructure such as social PPPs.  
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CHAPTER 6 –ENVIRONMENTAL IMPACT ASSESSMENT 

EFFECTIVENESS IN PUBLIC-PRIVATE PARTNERSHIPS: 

STUDY ON THE COLOMBIAN TOLL ROAD PROGRAM5 

 
The last research stream of Perspective 2 of this dissertation is focused on the 

environmental dimension of sustainability of PPPs by exploring the main drivers of the 

effectiveness of Environmental Impact Assessment (EIA) in toll road PPPs. To combine the 

strengths of qualitative and quantitative analyses, this chapter embraces a fuzzy set QCA 

approach to identify the causal pathways for EIA effectiveness across 28 toll road PPPs. 

6.1 ABSTRACT 

Public-private partnership (PPP) has been positioned as a relevant contracting method 

for developing large-scale infrastructure projects, which entail potentially high-magnitude 

negative impacts on the environment. The effectiveness of their Environmental Impact 

Assessment (EIA) is crucial to achieving sustainable development of these large-scale 

infrastructure projects. To unravel the drivers for the EIA effectiveness and the multiple 

combinations built by the complexity of these drivers, this paper analyzes 28 road PPP projects 

from Colombia employing a fuzzy-set qualitative comparative analysis (fsQCA) approach. 

This paper decodes conjectural causal links between specific conditions grouped in 

superordinate clusters (i.e., consultants’ capability, project features, and communities’ 

participation) and EIA effectiveness dimensions (i.e., normative, procedural, substantive, and 

transactive). Findings revealed that no single combination of causal conditions ensures 

multidimensional EIA effectiveness. This study demonstrated that EIA effectiveness relies 

significantly on the integration of specific features of three external stakeholders: consultants, 

non-preferred proponents, and communities. This study constitutes the first empirical 

multidimensional identification of the combination of conditions that generate EIA 

effectiveness in road PPPs. 

 
5 The work of this Chapter was summarized in the article “Environmental Impact Assessment Effectiveness in 

Mega-infrastructure Projects: Study on Colombian road Public-Private Partnerships” by Gabriel Castelblanco, 

Jose Guevara, Diego Rojas, Juan Correa, and Koen Verhoest. This paper is currently under review in the ASCE 

Journal of Management in Engineering. 
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6.2 INTRODUCTION 

Public-Private Partnership (PPP) has been positioned as a relevant contracting method 

for developing large-scale infrastructure projects worldwide during the last 30 years (G. Hodge 

et al., 2017; G. A. Hodge & Greve, 2016). These large infrastructure projects entail significant 

complex implications for the socio-economic, cultural, biological, and physical-chemical 

components of the environment (K. F. R. Liu & Lai, 2009). The magnitude of the potential 

environmental consequences of the construction and operation of PPP projects must be 

addressed with suitable mechanisms to assess and prevent such impacts (Soria-Lara et al., 

2020).  

Environmental Impact Assessment (EIA) is incorporated as one of the main tools to 

promote sustainable development in infrastructure within the project’s decision-making 

processes from the early phases in a life-cycle perspective (Glasson et al., 2012). In PPPs, the 

concessionaire is usually responsible for the EIA and environmental licensing in the shaping 

phase (Faith-Ell and Arts 2009). This early involvement of the concessionaire in the EIA aims 

to incorporate innovation for preventing and addressing environmental impacts through the 

PPPs' life cycle. 

EIA aims to identify and assess the inherent impacts of infrastructure projects relative 

to environmental components (Liu and Lai 2009). This instrument is useful to scope, study 

baseline conditions, identify prospective impacts, foresee significant impacts, and assess these 

impacts (Chanchitpricha & Bond, 2013; Shepard, 2005). EIA allows the public sector examines 

significant environmental impacts and decides either to approve or deny the project based on 

the appropriateness of the mitigation measures proposed for the foreseeable impacts 

(Bojórquez-Tapia et al., 2005). 

Despite the pertinence of the comprehensive goals of the EIA process for the protection 

of the economic, social, and natural environments, there remains a huge gap between these 

theoretical goals and the real performance of EIA in real projects (Androulidakis & Karakassis, 

2006; Barker & Wood, 1999; Kabir & Momtaz, 2012; Khan et al., 2020; Lawrence, 1997). 

Moreover, frequently the EIA is restricted to mere documental assessments that are not 

controlled or monitored effectively, resulting in inaccurate assessments and forecasts often 

derived from standardized practices limited to accomplish the minimal requirement of the 

terms of reference for licensing (Caro-Gonzalez et al., 2021; Lawrence, 1997; Paliwal & 

Srivastava, 2012). 
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The effectiveness of EIA is crucial to achieving sustainable development of 

infrastructure, especially for large-size projects such as PPPs. Researchers have recognized the 

relevance of EIA effectiveness and increased their attention on this topic during the last decade. 

The outcome of this focus is the assessment of EIA processes and the development of quality 

control (Caro-Gonzalez et al. 2021; Loomis and Dziedzic 2018). Most researchers agree that 

EIA effectiveness is complex and multidimensional, being composed of four dimensions, 

namely, procedural, normative, transactive, and substantive (Chanchitpricha and Bond 2013; 

Loomis and Dziedzic 2018).  

Although significant efforts have been dedicated to defining EIA effectiveness 

theoretically, research is still missing to provide decision-makers with a multidimensional 

assessment of EIA effectiveness with empirical support. Moreover, the heterogeneous 

conditions that could have an individual or joint incidence on EIA effectiveness have not been 

explored thoroughly in extant literature. Prior research is limited to conceptualizing EIA 

effectiveness in a theoretical way, focusing on literature reviews (Loomis and Dziedzic 2018), 

theory-development for one single dimension of EIA effectiveness (Cashmore et al., 2004; 

Lyhne et al., 2017), or developing frameworks to measure EIA effectiveness (Chanchitpricha 

and Bond 2013). Moreover, the scarce research that analyses the EIA effectiveness through a 

practical approach is limited to quantifying the proportion of EIAs that did not influence 

decisions or the projects that did not conduct EIA (Heinma & Põder, 2010). Although the 

dimensions of EIA effectiveness are defined theoretically, there remains a gap in the research 

to understand the relationship between the conditions and the EIA effectiveness supported by 

empirical data.  

To investigate the drivers for the EIA effectiveness and the multiple combinations built 

by the complex interplay of these drivers, this research aims to identify the causal structures 

that generate causal pathways to EIA effectiveness in road PPP projects. The goal is to identify 

significant conditions of EIA effectiveness performance and understand the empirical 

relationships between them in road PPPs. Specifically, this study is focused on the following 

research questions: (1) What are the significant conditions that lead to a high EIA effectiveness 

in road PPPs? And (2) How do the combinations of conditions enhance the EIA effectiveness? 

This study uses Fuzzy-set Qualitative Comparative Analysis (fsQCA) methodology to build 

inferences supported by 28 PPP road case studies, constituting the most recent road PPP 

program in Colombia. This is the first study that assesses the EIA effectiveness in PPP 

infrastructure by focusing on a national PPP program. 
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6.3 BACKGROUND 

6.3.1 Conceptualizing EIA Processes and EIA Effectiveness 

The EIA process comprises five different processes, namely, scoping, analyzing 

baseline conditions, establishing potential impacts, forecasting significant impacts, and 

assessing these impacts (Glasson et al. 2012). The scoping process establishes all the possible 

impacts that the project may generate, regardless of their minor or major relevance (Caro-

Gonzalez et al. 2021). Analyzing baseline conditions enables the identification of the existing 

environmental context as a benchmark to compare future circumstances in multiple project 

alternatives (Hansen & Wood, 2016). Establishing potential impacts implies considering the 

project’s time framework and specific conditions to establish potential impacts in a more 

detailed way than the scoping (Lyhne et al. 2017). Forecasting significant impacts includes 

predicting the potential effects of adverse situations by considering techniques such as 

experiments, pilot models, statistical models, mathematical models, case studies, and 

subjective judgment (Liu and Lai 2009). Finally, by assessing the impacts, the significance of 

the potential consequences on natural resources can be foreseen and measured (Caro-Gonzalez 

et al. 2021). EIA effectiveness results from establishing the right objectives for the EIA and 

meeting these goals during the project implementation, by employing the appropriate means 

for environmental caretaking (Glasson et al. 2012). There is a consensus among most authors 

about the plural and multidimensional nature of EIA effectiveness (Cashmore et al. 2004; 

Chanchitpricha and Bond 2013; Loomis and Dziedzic 2018; Morrison-Saunders and Bailey 

2009). According to the literature, three major EIA effectiveness dimensions were initially 

identified, namely, substantive, procedural, and transactive (Loomis and Dziedzic 2018). More 

recently, the fourth dimension of EIA effectiveness was introduced: normative effectiveness 

(Baker and McLelland 2003).  

The procedural dimension analyzes the adherence to the policy and the EIA process 

structure (Loomis and Dziedzic 2018). Assessing procedural effectiveness is useful for gaining 

insights into the quality of the process and report of the EIA (Cashmore et al., 2004). However, 

this dimension of effectiveness neglects to analyze the contributions of the EIA to 

environmental decisions and planning (van Doren et al., 2013). 

The substantive dimension assesses the impact of the EIA on the reduction of negative 

environmental impacts and the decision-making process (Chanchitpricha & Bond, 2013). The 

analysis of this EIA effectiveness dimension is less common than others such as the procedural 

(Loomis & Dziedzic, 2018). This EIA effectiveness dimension has been conceptualized as the 
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extent to which EIA reaches the expected purposes and results (van Doren et al., 2013). The 

assessment of this EIA effectiveness dimension has been focused on multiple features such as 

the degree of consideration of environmental issues in the decision-making and the alterations 

in the environment resulting from the EIA (van Doren et al., 2013).  

The transactive dimension of EIA effectiveness focuses on obtaining the outcomes with 

the least time and financial costs (Chanchitpricha and Bond 2013). The EIA transactive 

dimension has been the least analyzed among the four EIA effectiveness, and when studied it 

is often just in a superficial way (Loomis & Dziedzic, 2018). This is a counterintuitive pattern 

considering the extended criticism in this regard (Glasson et al., 2012; Runhaar et al., 2013). 

Furthermore, transactive ineffective EIA has a direct negative impact on project developers 

(Loomis & Dziedzic, 2018). 

Normative effectiveness refers to how well the policy meets its intended objective 

(Baker and McLelland 2003). For this EIA effectiveness dimension, the policy goals and 

achievements are traditionally related to sustainable development (Chanchitpricha & Bond, 

2013). However, this dimension also use to be incorporated socio-economic policy goals 

related to how democratic and transparent is the EIA process, which usually is controlled by 

the environmental agencies (Baker & McLelland, 2003). Traditionally, previous studies have 

preferred interviews and documental analysis to characterize means of improving the 

normative EIA effectiveness, which reflects the necessity of considering this data source in this 

research (Loomis & Dziedzic, 2018). 

6.3.2 Drivers for EIA Effectiveness 

This subsection retrieves the most relevant concepts that shape the framework for 

conceptualizing key drivers for EIA effectiveness. The theoretical justification concerning 

these drivers are the basis for the formulation of directional expectations that will feed fsQCA 

analyses.  

EIA entails a socio-technical system that requires the involvement of multiple 

stakeholders, which makes it collaborative, interpersonal, and inclusive by integrating 

environmental consultants, impacted communities, private firms, and the public sector 

(Chanthy & Grünbühel, 2015; Kågström, 2016; Khan et al., 2018; Lawrence, 1997; Morrison-

Saunders & Bailey, 2009). Simultaneously, EIA requires integrating quantitative and 

qualitative information from the project’s social, economic, and natural environment to 

establish accurate risk assessments, which are essential for identifying and assessing the 

relevance of risks and impacts (Bond et al., 2018; Faubert et al., 2010; Lawrence, 1997). 
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The infrastructure literature shows no consensus regarding the required conditions for 

achieving EIA effectiveness (Hansen & Wood, 2016; Heinma & Põder, 2010; Khan et al., 

2020; Zvijáková et al., 2014). Based on the literature review conducted, comprehensive 

composite conditions for EIA effectiveness were gathered from three main clusters: 1) the role 

of environmental consultants (Androulidakis & Karakassis, 2006; Kågström, 2016; Kamijo & 

Huang, 2019; Khan et al., 2018; Momtaz & Kabir, 2013); 2) project features (Badr et al., 2011; 

Cashmore et al., 2002), and; 3) communities’ participation (Bond et al., 2018; Chanthy & 

Grünbühel, 2015; Morrison-Saunders & Bailey, 2009). These clusters encompass the most 

relevant measures associated with accomplishing EIA effectiveness in accordance with the 

extant literature (Androulidakis & Karakassis, 2006; Badr et al., 2011; Morrison-Saunders & 

Bailey, 2009). 

6.3.2.1 The Role of Consultants  

The role of the environmental consultants has been recognized as a meaningful driver 

for EIA effectiveness in studies conducted in European countries such as Portugal, Ireland, 

Greece, Denmark, Belgium, Spain, Germany, and the UK (Androulidakis & Karakassis, 2006; 

Barker & Wood, 1999; Cashmore et al., 2002), as well as countries like the US (Tzoumis, 

2007), South Africa (Sandham & Pretorius, 2008), Egypt (Badr et al., 2011), Bangladesh 

(Kabir & Momtaz, 2012), Pakistan (Khan & Chaudhry, 2021), and Cambodia (Chanthy & 

Grünbühel, 2015). The relevance of environmental consultants is based on the common 

practice of the preferred proponent to hire them for carrying out entirely the EIA on its behalf, 

which makes EIA effectiveness depend on them to some extent (Kågström, 2016; Khan et al., 

2018). Consequently, these consultants are in charge of advising responsible stakeholders on 

key EIA procedures, practices, and policies, as well as conducting the assessment and proposals 

for mitigation of the potential environmental impacts of the project (Morrison-Saunders & 

Bailey, 2009).  

Multiple researchers agree on the preponderance of resources available to conduct the 

EIA effectively (Chanthy & Grünbühel, 2015; Khan et al., 2018). The relevance of specific 

consultants’ resources such as the number of consultants involved in the assessment has been 

emphasized in previous research as an essential driver for EIA effectiveness. (Kamijo & 

Huang, 2019). Moreover, this driver has been also identified in multiple case studies in 

countries such as Egypt (Badr et al., 2011), Greece (Cashmore et al., 2002), and Cambodia 

(Chanthy & Grünbühel, 2015). The implications of the number of consultants may be 

contradictory. On one hand, high number of consultants is desirable for providing the 
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heterogeneous disciplines required and gathering multiple technical backgrounds that may 

potentiate a holistic assessment (Androulidakis & Karakassis, 2006). Conversely, high number 

of consultants increases potential coordination pitfalls that may lead to issues such as 

duplication of information or even inconsistencies between sections of the EIA and also may 

endanger profitability for consultants (Badr et al., 2011; Kabir & Momtaz, 2012). 

6.3.2.2 Project Features  

Project features play a key role as drivers for EIA effectiveness, as established in extant 

EIA literature (Badr et al., 2011; Barker & Wood, 1999; Cashmore et al., 2002; Sandham & 

Pretorius, 2008). Such characteristics constitute a differentiator among the cases that may 

impact their outcomes (Verweij, 2015b) and influence the magnitude and complexity of 

potential environmental impacts (Badr et al., 2011). Specific project features play a key role as 

drivers of the EIA effectiveness: project cost, number of bidders, initiation process, and 

location. They constitute key determinants for ground, tectonic, geological, morphological, 

bioclimatic, and climactic conditions, as well as for government support, cost, and interest from 

potential private investors (Androulidakis & Karakassis, 2006). 

The relevance of project cost on EIA effectiveness has been emphasized in multiple 

analyses in several European countries (Barker & Wood, 1999) and some other countries such 

as Egypt (Badr et al., 2011), and South Africa (Sandham & Pretorius, 2008). High capital costs 

in a project often result in an increase in the magnitude and complexity of the potential 

environmental impacts (Badr et al., 2011). This complexity is reflected in a higher amount of 

impacted communities, higher interrelationships among impacts, more difficulty in 

determining impacts accurately, and higher uncertainty in forecasting (Bond et al., 2018; 

Faubert et al., 2010). As a result, high potential for adverse impacts can lead concessionaires 

to invest increasing commitment levels and resources for developing EIA (Cashmore et al., 

2002). 

Bidders in project procurement processes have been identified as relevant drivers for 

EIA effectiveness (Badr et al., 2011). The number of bidders that take part in PPP tendering 

has been recognized in the extant literature as a key indicator of the strength of competition 

(Domingues & Sarmento, 2016). Due to the comprehensive tendering requirements regarding 

previous specific experience of PPP bidders, a limited number of proponents often participate 

in tendering processes because of the effort required to select suitable partners for establishing 

the proposed special purpose vehicle (Aladaǧ & Işik, 2020). The number of procurement 

participants is also limited in large-scale projects because of the significant investment of 
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proponents required for tendering processes (Soecipto & Verhoest, 2018). Moreover, previous 

researchers have identified counterintuitive implications of strong competition such as its 

impact on a higher probability of aggressive bids, which may result in higher budget constraints 

(including constraints for conducting a proper EIA) (Domingues & Sarmento, 2016). In any 

case, due to the few market participants in the PPP market, non-preferred bidders play a 

significant role in the middle- and long-term in order to increase their probability of winning 

future tenders (Cave & Nicholls, 2016). In the middle-term, non-preferred bidders exert 

accountability over the project based on their knowledge about EIA processes, stakeholder 

issues, and environmental permits when preparing the detailed proposal during the tendering 

stage; while in the long-term they may be able to bid more aggressively in new tenders to 

increase their chance to win future bids (Nijsten et al., 2010; Uttam et al., 2012). 

On the other hand, the influence of the initiation process on EIA outcomes has been 

documented previously in developing countries. In particular, it is important to highlight EIA-

related differences according to PPP initiation processes (Castelblanco et al., 2020). While for 

solicited proposals, the public sector identifies PPP scope and invites private firms for the 

tendering (Osei-kyei & Chan, 2018); for unsolicited initiatives, the proposal is presented by 

private companies to the government with no prior request from the public sector, which 

usually is motivated to address slow implementation and the scarcity of innovation in projects 

initiated by the public sector (Casady & Baxter, 2021). 

Finally, project location is a meaningful determinant of potential environmental 

impacts involved in PPPs (Badr et al., 2011). This project feature may be a key determinant for 

ground, tectonic, geological, morphological, bioclimatic, and climactic conditions 

(Androulidakis & Karakassis, 2006). Moreover, the sensitivity of some key stakeholders 

regarding the location of projects may also influence potential project impacts (Aladaǧ & Işik, 

2020). 

6.3.2.3 Communities’ Participation  

Communities’ participation is not only a requirement within the EIA process but also 

has been identified by multiple researchers as a key factor for effective EIA (Chanthy & 

Grünbühel, 2015; Morrison-Saunders & Bailey, 2009). Previous research has evaluated EIA 

performance and identified that public participation plays a crucial role across pre- and post-

submission phases in Europe (Barker & Wood, 1999). This factor is even more relevant in 

developing countries, which traditionally have been recognized for their poor performance in 

this regard (Kamijo & Huang, 2019). 
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The link between responsible stakeholders and concerned communities is fundamental 

to the trust-building that is required for the long-term legitimacy of EIA and project during 

their life cycle (Bond et al., 2018; Chanthy & Grünbühel, 2015). Moreover, public involvement 

is a meaningful goal for EIA, which require conducting a public consultation process with 

communities (Sinha & Neeraj Jha, 2020). A successful public consultation process also allows 

for unraveling meaningful inputs for building the EIA and the overall planning process 

(Chanthy & Grünbühel, 2015).  On the contrary, the lack of proper participation of key social 

stakeholders such as indigenous people or the local civil society restricts the consideration of 

their multiple perspectives and interests, resulting in the erosion of the legitimacy of the process 

(Korhonen-kurki et al., 2014). 

6.3.3 PPPs and EIA 

Legal frameworks around the world do not make distinctions between EIA conducted 

among PPPs, and traditional project deliveries (Glasson et al. 2012). In both cases, specialized 

consultants were hired to conduct the EIA required for the environmental licensing of the 

project (Morrison-Saunders and Bailey 2009). There is, however, a significant difference 

between both project deliveries regarding consultants’ accountability.  

Traditional procurement methods such as Design-Bid-Build (DBB) tend to neglect the 

accountability of consultants once the design phase has finished (Azhar et al., 2014; Ibbs et al., 

2003). Therefore, the potential risks, derived from the EIA developed by the consultant or from 

its pitfalls, are allocated among the public sector and the contractor that wins the bidding for 

the construction (Faith-Ell and Arts 2009). As a result, traditional project deliveries were 

preferred for less complex infrastructure projects with fewer environmental risks (Hansen and 

Wood 2016). 

To incentivize the efficiency and innovation of the private sector, PPPs tend to establish 

that the concessionaire should be responsible for the detailed design and the EIA in the shaping 

phase of the project (Jooste et al., 2011). In theoretical terms, PPPs allow the concessionaire to 

incorporate innovation within the design and the EIA to achieve the best trade-off possible for 

the construction and operation phases (Castelblanco, Guevara, & Mendez-Gonzalez, 2022b; 

Castelblanco & Guevara, 2022; Grimsey & Lewis, 2011). However, many jurisdictions 

worldwide prefer to involve the concessionaire at the end or after the EIA to reduce future 

environmental uncertainty; limiting the room for concessionaires’ innovative practices 

(Agarchand & Laishram, 2017; Faith-Ell & Arts, 2009; Noble, 2002).  
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The involvement of concessionaires in the EIA also aggregates meaningful 

stakeholders who demand increasing standards. Debt providers play a significant role; they 

complement traditional requirements, therefore increasing requirements for the concessionaire 

regarding good practices (Faubert et al., 2010). This could reduce environmental risks that may 

increase long-term uncertainty (Faith-Ell and Arts 2009; Faubert et al. 2010). Simultaneously, 

impacted stakeholders, such as local communities, ethnic minorities, and users, may be 

incorporated through the consultation processes conducted either by the public or the private 

parties (Castelblanco, Guevara, Mesa, et al., 2022; Reeves, 2013). 

6.4 RESEARCH METHODOLOGY 

6.4.1 Reasons for Adopting fsQCA  

This study adopts fsQCA due to multiple reasons. First and foremost, this study 

presented theoretical reasons for assuming that the conditions identified produce a combined 

effect on the EIA effectiveness (Schneider & Wagemann, 2010). Secondly, the cases analyzed 

(e.g., 28 PPP projects) constitute a medium-size dataset, which is a sample too large for in-

depth case studies and too small for regression analysis (Callens et al., 2021). Third, this 

approach allows the investigation of conjunctural causation through a systematic comparative 

analysis across small individual cases sample (e.g., 10-30) to maintain complexity (Rihoux & 

Lobe, 2012). A small sample of individual cases is suitable for this study because of the reduced 

number of these PPPs in Colombia and the magnitude of each initiative (i.e., the average cost 

of 400 million dollars each) (World Bank, 2016). Fourth, qualitative comparative analysis 

(QCA) is useful to identify complex relationships between a set of causal conditions and EIA 

outcomes (Befani & Sager, 2006). Therefore, this approach identifies multiple configurations 

(i.e., combinations) of conditions resulting in equifinality (i.e., the same outcome) (Dai et al., 

2021). This combinatorial effect of potential causal conditions is relevant for this study to 

analyze the complexity of relationships between causal conditions that produce a specific EIA 

effectiveness outcome. Fifth, the case design aimed to gather common background features 

(e.g., one single PPP program in a ten-year period with common normative background), which 

are relevant for the sampling procedure in QCA design (Rihoux and Lobe 2012). Sixth, fsQCA 

was chosen because it reduced the likelihood of contradictory configurations where the same 

combination of conditions resulted in different outcomes in comparison with crisp-set QCA 

(Rihoux and Lobe 2012).  
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FsQCA was preferred over mvQCA because this study required to establish clear 

differences between members and non-members for each condition and outcome (Schneider & 

Wagemann, 2007; Vink & Vliet, 2009). This is something difficult to do through mvQCA due 

to ambiguity-related concerns (Pappas & Woodside, 2021; Schneider & Wagemann, 2007). 

Additionally, prior research has emphasized the inconveniences in terms of using mvQCA with 

ordinal notions derived from underlying interval-scale level data (Vink & Vliet, 2009). This 

means that it is not suitable to adopt categories in mvQCA in cases where it is necessary to 

ordinate ranges (e.g, the highest value in category 1, a lower value in category 2, and the lowest 

value in category 3) (Schneider & Wagemann, 2007). Considering that this study relies on 

multiple conditions associated with ordinal notions (e.g., project cost, number of bidders), the 

adoption of fsQCA is justified. 

6.4.2 Theoretical Basis of Qualitative Comparative Analysis 

QCA integrates qualitative and quantitative approaches to decode complex 

relationships of causality among outcomes and configurations (Delhi & Mahalingam, 2020). 

Moreover, QCA integrates the variable-oriented (i.e., quantitative) and case-oriented (i.e., 

qualitative) approaches (Verweij 2015). From the quantitative point of view, QCA analyzes an 

adequate number of cases as required to produce generalizations from an analytic-formalized 

approach by using Boolean algebra to reduce cases into conditions, which allows for replication 

(Ragin 2008). From the qualitative perspective, QCA considers individual cases as complex 

entities by considering causality from the different combinations of conditions that may 

generate the same outcome (Rihoux and Lobe 2012). 

QCA has features of case study analysis and statistical analysis to analyze diverse 

conjectural causations (Ragin 2008). QCA also reveals the most recurrent set of causal 

conditions that results in a specific outcome (Verweij 2015). The use of QCA has grown during 

the last decade because it enables in-depth analysis and, simultaneously, generalization to build 

theory when the complex interplay between outcomes and conditions is not fully acknowledged 

(B. K. Shrestha et al., 2021).  

Crisp-set QCA was the original method developed in the late 1980s, which considered 

Boolean values (i.e., 0 or 1) for the conditions and outcomes (Rihoux and Lobe 2012). The 

binary configuration allows assigning 0 when there is no membership and 1 when there is 

membership (Shrestha et al. 2021). Crisp-set QCA aims to simplify complicated and long 

expressions into the least complex solution (i.e., parsimonious) (Rihoux and Lobe 2012). 

Consequently, when different Boolean expressions cause the same outcome but differ in just 
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one causal condition, the algorithm considers the causal condition that differentiates both 

expressions as irrelevant and removes it to build a more parsimonious combined expression 

(Shrestha et al. 2021). 

The Boolean configuration of crisp-set QCA may lead to contradictory configurations 

and loss of information, which affected the analysis (Dai et al. 2021). To reduce the loss of 

information and inconsistent configurations of crisp-set QCA, two alternative QCA techniques 

were introduced, namely, multivalue and fuzzy-set QCA (Rihoux and Lobe 2012). Multivalue 

QCA considers values greater or equal to crisp-set values to characterize relevant subgroups 

and consider more information (Dai et al. 2021). The fuzzy-set (fsQCA) uses continuous values 

between 0 and 1 to capture different membership levels among the causal conditions (Ragin 

2008). 

Among the alternative QCA techniques, fsQCA has become especially preferred for 

studies focused on PPPs in both developed and developing countries because of the application 

of partial membership in the potential conditions (Dai et al., 2021; Gross, 2010; Ragin, 2008). 

FsQCA analyzes and contrasts cases in a more granular way by establishing these partial 

memberships on the potential conditions when it is not possible to obtain large data sets (Delhi 

and Mahalingam 2020). 

6.4.3 Applied Methodological Procedure 

To understand the drivers for the EIA effectiveness and the multiple combinations built 

by the complex interplay of these drivers in road PPPs, this study adopted a condition-oriented 

perspective focused on the conceptual understanding of types of cases, cross-case comparisons, 

and reliability and robustness of QCA solutions (Thomann et al. 2022). A five-stage fsQCA 

methodology was conducted to this end, as is shown in Fig. 6-1. The subsequent subsections 

detail the theoretical basis of fsQCA, the reasons for adopting fsQCA, and the five 

methodological stages conducted. 
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Figure 6-1. Methodology stages  

6.4.3.1 Case Selection 

The selection of the road PPP program in Colombia for the analysis was based on three 

main reasons: First, Colombia is one of the seventeenth megadiverse countries in the world 

ranking among the first five positions in the diversity of mammals, birds, reptiles, plant species 

richness, freshwater fish, amphibians, and butterflies (Rodríguez-Zapata & Ruiz-Agudelo, 

2021). As a result, these cases are representative of large infrastructure projects such as road 

PPPs in representative megadiverse countries in the five continents (e.g., Australia, Brazil, 

China, India, Indonesia, Mexico, South Africa, the US) that entail more complex baseline 

environmental factors, which implies higher prospective impacts to be identified, foreseen, and 

assessed in the EIA. Additionally, the scope and regulation for conducting the EIA are well-

established in the legal framework through multiple laws and decrees that include specific 

terms of reference and specific requirements (Caro-Gonzalez et al., 2021). This mature 

framework allows for representativeness among legislations in multiple countries. Finally, in 

this country, the EIS and EIA are open access public documents that are provided by the 

environmental licensing authority (Caro-Gonzalez et al., 2021). The availability of reliable 

public information allows for transparent data for the analysis. 

Data was collected from multiple Colombian road PPPs who had completed the 

environment license process. The cases were chosen purposively in this study, with 

consideration that fsQCA is significantly more case-sensitive in comparison to single-case 



156 

 

studies or statistical analysis based on large samples (Cho et al., 2021). In selecting these cases, 

the greatest variety of causal factors and outcomes for decoding the relationships among them 

was taken into account. Road PPP projects that have completed the procurement phase were 

included as candidate cases for gathering empirical evidence for this study. A total of 59 road 

PPP projects were preselected.  

Cases for the study were selected via a screening process based on the following 

criteria: (1) projects that have completed the environmental licensing process excluding two 

projects with 57 road PPPs remaining. (2) the projects all had significant magnitude and 

complexity, therefore projects below 120 million USD were removed, excluding 23 projects, 

with 34 remaining. (3) PPPs that were not procured under a project finance scheme were 

removed, excluding 5 PPPs. As a result of this screening process, 29 initiated PPP roads fell 

within the criteria and were selected, which constitutes a small sample of individual cases to 

maintain complexity as suggested by Rihoux and Lobe (2012). These cases exhibited 

variability among the causal factors to analyze complex causality under a QCA approach (Delhi 

and Mahalingam 2020). The cases analyzed are presented in Table 6-1. 

Table 6-1. Road PPP cases selected 

ID Project 
Initial investment 

(US millions) 

Length 

(km) 

Financial 

closure 

Contract 

period 

1 Cartagena-Barranquilla  522 147 2016 25 

2 Connection Pacifico 1 Highway 1,232 46 2014 25 

3 Northern Bogota Access Road Expansion 300 62 2019 25 

4 Connection Pacifico 2 Highway 312 98 2014 25 

5 Magdalena 2 Highway 1,370 114 2014 25 

6 Connection Pacifico 3 Highway 646 146 2014 25 

7 Perimetral Oriental de Cundinamarca 536 153 2014 25 

8 Mulalo-Loboguerrero Highway 638 84 2016 29 

9 Girardot-Honda-Puerto Salgar Highway 559 190 2016 25 

10 Transversal del Sisga 282 137 2018 25 

11 Autopista al Mar 1 713 176 2019 30 

12 Villavicencio-Yopal Highway 1,069 261 2015 23 

13 Autopista al Mar 2 936 246 2019 25 

14 Bucaramanga-Barrancabermeja-Yondo Highway 683 152 2018 29 

15 Popayan-Santander de Quilichao Highway 620 76 2016 25 

16 Rumichaca-Pasto Highway 788 80 2016 25 

17 North Connection  491 146 2014 25 

18 Puerta de Hierro-Palmar Varela and Cruz del Vizo 208 203 2019 25 

19 Pamplona-Cucuta 520 63 2020 25 

20 Bucaramanga-Pamplona 203 133 2016 25 

21 Girardot-Espinal-Neiva Toll Road 290 193 2015 25 

22 Antioquia-Bolivar Highway 604 491 2015 34 
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23 Chirajara-Villavicencio Highway 2,064 86 2015 30 

24 Girardot-Ibague-Cajamarca Highway 745 225 2015 28 

25 Malla Vial del Meta 482 354 2015 30 

26 Third Lane Bogota Girardot 557 145 2016 30 

27 NUS Roads 369 157 2017 30 

28 Santana-Mocoa-Neiva Highway 1,080 447 2016 25 

29 Cambao-Manizales 485 256 2015 34 

6.4.3.2 Data Collection 

A comprehensive content analysis of scientific literature on EIA and PPP was 

conducted. The analysis included the following keywords: “EIA”, “environmental impact 

assessment”, “effectiveness”, “public-private partnership”, “PPP”, “P3”, “PFI”, “private 

finance initiative”, “concession”, “BOT”, “build operate transfer”, “toll road”. The search for 

manuscripts was limited to those included in the Web of Science search engine during the last 

25 years. The initial search gathered 417 manuscripts. Refinement of the search excluded 69 

conference papers and thesis dissertations, and 348 remained. After this procedure, unrelated 

categories were removed (e.g., Infectious Diseases, Political Science, Automation Control 

Systems) excluding 124 articles. The result was the retrieval of 224 articles from 92 journals 

for further analysis. The list of the articles analyzed is presented in Appendix C-S1.  

On completion of the content analysis, a detailed case study was conducted for each 

road PPP case by triangulating data sources: concession agreements/contractual documents, 

legal information, and documents regarding the EIA/environmental license process. 

Furthermore, enhancement of the data collection was achieved by conducting in-depth semi-

structured interviews based on open-ended questions with multiple respondents, including 

representatives from consultant companies, environmental agencies, public sector institutions, 

concessionaires, and academics. A semi-structured approach is useful to allow informants to 

further elaborate on answers and provide supporting evidence (Yin, 2003). Interviews lasted 

between 60 and 110 min and were recorded to avoid any loss of information. A detailed case 

study of each road PPP was developed and validated with key respondents, which is presented 

in Appendix C-S2 because of its length (more than 3,000 words). 

6.4.3.3 Definition of the Causal Conditions and Outcomes 

To define the causal conditions and outcomes, the content analysis conducted 

simultaneously with the case study identified the potential conditions and outcomes. Moreover, 

a coding process was employed to analyze information from multiple sources in a structured 

way (Bazeley & Jackson, 2013). This process resulted in the identification of potential 
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conditions and outcomes to be considered for EIA effectiveness, as discussed in the Findings 

section. The definition of the conditions and outcomes was based on the in-depth knowledge 

of the variables and cases. Additionally, there was a limitation on the maximum number of 

conditions based on the number of cases for reducing the probability of generating low 

consistency and contradictions (Marx and Dusa 2011), which is a criterion consequent with 

previous research within the QCA methodological approach (Moschouli et al., 2018; Soecipto 

& Verhoest, 2018). Consequently, this research adopted six conditions for the 28 cases 

analyzed. 

Next, the cases were systematically analyzed by employing NVivo 12. First, the semi-

structured interviews were analyzed through the lens of the potential conditions and outcomes 

established. Second, concession agreements and contractual documents were reviewed 

comprehensively to retrieve project features such as project size, project cost, number of 

bidders, initiation process, and location. Third, a systematic review was conducted of legal 

information to identify the relevant EIA legislation applicable to each project and judgments 

concerning the claims issued by the communities against the EIA in each project, which allows 

for retrieving features regarding the EIA’s normative effectiveness and communities’ 

involvement. Fourth, documents were gathered regarding the EIA and environmental license 

process of each project to assess communities’ participation, consultants’ capability, and the 

outcomes. 

6.4.3.4 Calibration of Causal Conditions and Outcomes 

A calibration scheme to score each of the causal conditions and outcomes objectively 

was conducted, following the coding process recommended for conducting QCA to avoid 

inconsistent and subjective scoring (Rihoux and Lobe 2012). The calibration scheme aims to 

establish the rubric to assess to what degree each case belongs to each of the potential 

conditions and outcomes (Ruhlandt et al., 2020b). Partial levels of membership were developed 

for each causal condition and outcome. These membership build the calibration, keeping a 

strong link between empirical analysis and theoretical data-driven by the cases, theory, and 

informed judgment (Rihoux and Lobe 2012). Table 6-2 shows an example of the calibration 

scheme for one specific potential causal condition (i.e., prior consultation), which is a factor in 

the communities’ participation. The full calibration scheme is presented in Appendix C-S3. To 

calibrate each factor to guarantee the correctness and accuracy of the classifications and the 

outcomes’ reliability under multiple scoring calibrations, multiple sensitivity analyses were 
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conducted. The membership scores guarantee objectivity, consistency, reliability, and 

replicability to prove the strength of the factors for each case.  

Table 6-2. Example of calibration scheme for Communities’ Involvement 

Value Short description 

1.00 
‘Complete’ – The EIA development achieved full involvement and collaboration with a significant 

proportion of external stakeholders reaching an overall agreement 

0.70 

‘Limited’ – The EIA development achieved limited involvement and collaboration with external 

stakeholders without reaching an overall agreement, resulting in one lawsuit against the EIA process 

led by the communities 

0.30 

‘Scarce’ – The EIA development achieved scarce involvement and collaboration with external 

stakeholders with disagreements, resulting in two lawsuits against the EIA process led by the 

communities 

0.00 

‘Absent’ – The EIA development achieved neither involvement nor collaboration with external 

stakeholders with relevant disagreement, resulting in several lawsuits (more than two) against the 

EIA process led by the communities 

 

6.4.3.5 Data Analysis 

6.4.3.5.1 Screening Process: Comparison of Theoretical Concepts with Empirical Data 

This study adopted the inductive analysis developed by Iyer and Banerjee (2019) in order to 

choose the final conditions for analysis. Firstly, a consensus was gained based on the 

comprehensive literature review about the clusters of potential conditions. Next, the most 

relevant features of these clusters were listed and measured based on supporting theory and 

associated indicators. Third, for analyzing the empirical information, the data from the cases 

(i.e., EIA/environmental license documents, semi-structured interviews, and lawsuits/courts’ 

judgments related to the EIA) were triangulated. Fourth, a content analysis of case-related 

documentation was done through the lens of the features identified in previous stages. Lastly, 

the most critical features identified in the cases were selected according to their recurrence in 

the literature giving priority to characteristics able to aggregate some others in one, resulting 

in the six most critical conditions selected; which is the maximum number possible considering 

the limitation on the number of factors that can be analyzed in QCA according to the sample 

of cases (i.e., 28 PPPs) (Marx & Dusa, 2011). As a result of this configuration, the probability 

of producing results on random data is 6%, which is below the threshold suggested by Marx 

and Dusa (2011). 

6.4.3.5.2 Truth Table 

On the completion of the calibration scheme, each project was systematically scored to 

build the truth table where the columns display the conditions and outcomes, while the rows 

show the configuration of conditions and outcomes for each case (Table 6-5). All the outcomes 
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and conditions in the truth table were scored for all the cases according to the calibration 

scheme established. To validate the scoring process of the cases in the truth table, the authors 

performed two distinct roles, namely, analysts and supervisors. Therefore, the first, third, and 

fourth authors played the role of analysts to score the cases independently. In case of 

disagreement on any specific score, the analysts discussed the discrepancies. If any discrepancy 

remained after the discussion, the supervisor (i.e., second author) led further discussions with 

the analysts until reaching a consensus.  

6.4.3.5.3 Causal Necessity 

A causal necessity analysis was conducted following the data collection and the 

calibration process, using fsQCA software (version 3.0) (Ragin et al., 2017). This analysis is 

useful to assess the extent to which a subset of the causal condition generates a specific outcome 

(Ragin 2008). A condition is therefore considered necessary if all the occurrences of the 

outcome demonstrate the presence of this condition (Ruhlandt et al. 2020). The consistency 

value represents the rate of occurrence of the causal condition for the outcome (Dai et al. 2021). 

Consequently, the relationship between a condition and a specific outcome will be stronger as 

the consistency is higher (Homayouni et al., 2021). A condition is assumed as necessary if its 

consistency value is higher than 0.9 (Cho et al. 2021). 

6.4.3.5.4 Causal Sufficiency 

Following the assessment of the causal necessity, an analysis of the causal sufficiency 

of multiple configurations of conditions was conducted, which generates a specific outcome. 

To do so, the truth table was analyzed to establish the combinations of causal conditions that 

generate an outcome (Rihoux and Lobe 2012). Overall, causal sufficiency aims to calculate to 

what extent a specific causal condition is representative of a specific outcome subset (Ragin 

2008). Overall, a causal condition could be assumed as sufficient if its coverage value is higher 

than 0.8 (Ragin 2008).  

6.5 VALIDATION 

This study aimed to achieve reliability and replicability of the data collection and 

analysis by involving diverse practitioners and giving specific roles to the authors during the 

data analysis. The authors' objective was to validate the potential conditions based on a 

complement between internal and external perspectives. 
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Internal validation was reached by conducting a structured grouping strategy for 

establishing the potential conditions and the categories of each of them. Each author played 

specific roles: three analysts (the first, the third, and the fourth authors), and two supervisors 

(i.e., the second and the last authors) because of their higher experience. The three analysts 

separately reviewed the concession agreements, contractual documents, legal information, 

EIAs, and environmental licenses in line with the potential conditions established. Each of the 

authors checked every single condition and then scored for each case. If there was a 

disagreement in any country among the analysts, all the analysts debated their discrepancies. 

If there were two rounds of debate without consensus, the discrepancies were discussed with 

both supervisors until achieving consensus.  

External validation was achieved through conducting the Delphi methodology. This 

process was employed in the study because it is useful for the identification and validation of 

the potential conditions (Ruhlandt et al., 2020a). It enables the seeking of both individual and 

consensus opinions from multiple experts physically separated but, at the same time, keeping 

experts’ anonymity (Hanna & Noble, 2015).  

To refine and validate the factors identified in the content analysis of literature, a Delphi 

process was conducted with a panel of experts. Firstly, the potential experts were identified 

based on their experience and knowledge in the EIA applied in PPPs. The criteria for selecting 

candidates for the Delphi process was to have more than 5 years of significant work experience 

focused on PPPs and EIA (or a closely related environmental subject area). Secondly, once the 

potential candidates were identified, the final selection of the panel was conducted. From 19 

potential candidates, 10 experts conducted three consecutive rounds of the Delphi process. 

Next, to reduce bias, the questionnaire included various methods such as the contrast effect and 

the collective unconscious, recommended in similar studies (Ruhlandt et al. 2020a). If the 

experts considered some additional factors to be missing during the first round, they were 

invited to supplement the preliminary potential causal conditions and outcomes. Finally, the 

Delphi process analytical included scoring each potential causal condition and outcome derived 

from the content analysis on a Likert scale where 5 represents extremely important, which is 

consistent with previous approaches (Delhi and Mahalingam 2020). An iterative process was 

conducted to reach consensus, therefore, if the ratings of participants diverge from the group’s 

average, further interviews were conducted to elucidate the explanation of the divergence, as 

recommended by similar studies (Ruhlandt et al. 2020a). As a result, an agreement was reached 

after three rounds of discussion and feedback and more than 30 hours of interviews. 
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Overall, this study incorporated multiple good practices recommended for increasing 

replicability and validity. Consequently, this study presented a detailed justification for the 

selection criteria for the cases chosen (Thomann et al. 2022). The number of conditions was 

limited according to the number of cases for reducing the probability of generating low 

consistency and contradictions (Marx and Dusa 2011). The manuscript and supplementary 

materials incorporate the threshold values, truth table, coverage, and consistency measures 

(Jordan et al., 2011; Thomann et al., 2022). Additionally, the threshold values for fsQCA, the 

calibration of the conditions and outcomes (Jordan et al. 2011). The analysis of necessary and 

sufficient conditions was developed in different steps, starting with the analysis of necessary 

conditions (Thomann et al. 2022).  

6.6 FINDINGS 

6.6.1 Screening Process of Conditions  

As a result of the literature reviewed, ten factors were identified along the three clusters 

established as follows. Firstly, the clusters of the factors, namely, environmental consultants’ 

capacity (Androulidakis & Karakassis, 2006; Kågström, 2016; Kamijo & Huang, 2019; Khan 

et al., 2018; Momtaz & Kabir, 2013), project features (Badr et al., 2011; Cashmore et al., 2002), 

and communities’ participation (Chanthy & Grünbühel, 2015; Morrison-Saunders & Bailey, 

2009) were identified. 

Secondly, the most relevant features (i.e., ten) of these clusters were listed and the 

maximum number allowed for the analysis (i.e., six) were selected according to their recurrence 

in the literature giving priority to features able to aggregate some others in one. For example, 

project cost (PC) was built based on a normalized indicator of cost (million USD per km) to 

aggregate cost (USD) and size (km) nominal indicators in road infrastructure. As a result of the 

screening process, the six most critical factors were selected as shown in the next subsection. 

6.6.2 Operationalization and Calibration of Conditions and Outcomes 

The operationalization of the causal conditions within the clusters identified was 

conducted based on the comprehensive literature review and the analysis of the cases. The 

membership calibration in this study is based on empirical and theoretical studies as 

recommended by QCA researchers (Rihoux & Ragin, 2009). The calibration scores for the 

conditions and outcomes are presented in Table 6-S3 in the Supplemental Material. 
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6.6.2.1 Conditions  

The six conditions for EIA effectiveness were operationalized through the three main 

clusters identified in the literature review: project features, consultants’ capability, and 

communities’ participation (Table 6-3) (Agarchand and Laishram 2017; Sedlin et al. 2020; 

Sinha and Neeraj Jha 2020). 

Table 6-3. Conditions identified for the Study 

Clusters Conditions                              (ID) Indicative Reference 

 
Project 

Cost                          

(PC) (Badr et al., 2011; Barker & Wood, 1999; Bond et al., 

2018; Cashmore et al., 2002; Faubert et al., 2010) 

 

 

Project  

Number of 

Bidders              

(BID) (Ayres & Cramton, 1996; Cave & Nicholls, 2016; 

Domingues & Sarmento, 2016; Nijsten et al., 2010; Uttam 

et al., 2012) 

Features 

 

Initiation 

Process                 

(INI) (Casady & Baxter, 2021; Castelblanco et al., 2020; Osei-

kyei & Chan, 2018) 

 Location                               
(LOC) (Aladaǧ & Işik, 2020; Androulidakis & Karakassis, 2006; 

Badr et al., 2011) 

Consultants' 

Capability  

Staff 

Resources                    

(STF) (Androulidakis & Karakassis, 2006; Chanthy & Grünbühel, 

2015; Kabir & Momtaz, 2012; Kamijo & Huang, 2019) 

Communities’ 

Participation  

Communities' 

Involvement  

(INV) (Barker & Wood, 1999; Korhonen-kurki et al., 2014; 

Morrison-Saunders & Bailey, 2009; Sinha & Neeraj Jha, 

2020) 

 

The project features cluster is composed of four conditions, namely project cost, 

number of bidders, initiation process, and location of the project. 

(1) Project cost (PC) is represented in this study by the normalized cost condition (i.e., 

cost per km). This indicator was preferred over traditional measures associated with project 

size such as total cost or road width and length because, apart from such aspects, normalized 

cost also allows for identifying difficulties linked to terrain-related characteristics (e.g., local 

geotechnical conditions and incidence of complex infrastructures such as tunnels and bridges), 

which has been positively correlated with the likelihood of future cost overruns (C. Kumar, 

2021). Additionally, this is in line with prior research on transportation megaprojects adopting 

cost per unit distance as a suitable proxy for conducting cost-related analysis (Priemus et al., 

2008). 

This condition was directly calibrated based on the review of the 28 PPP projects under study, 

with maximum and minimum costs of 27 and 1 million USD per km, respectively. The 50th 

percentile was established as the cross-over point (i.e., 4 million USD per km); and the 20th 

(i.e., 2 million USD per km) and 80th (i.e., 6 million USD per km) percentiles were assumed as 

the full non-membership and full membership thresholds, respectively.  

(2) Number of bidders (BID) is employed as an indicator to examine the intensity of 

competition and, consequently, the potential accountability exerted by non-preferred bidders 
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(Domingues & Sarmento, 2016). On one hand, the presence of one single bidder can be 

interpreted as if the PPP project did not significantly incentivize private firms to participate in 

the procurement process, as potential proponents might have perceived the project too risky or 

incompatible with their interests (Aladaǧ & Işik, 2020; Badr et al., 2011). This may diminish 

accountability levels across multiple project phases because of the absence of non-preferred 

proponents (Cave & Nicholls, 2016). 

Conversely, the existence of a significant number of proponents investing money and 

efforts in the bidding process can be expected if the risks-benefits ratio of the PPP is favorably 

perceived by multiple private partners (Badr et al., 2011). This is a positive sign in terms of 

improving accountability levels, as non-preferred proponents’ knowledge about the project 

(e.g., stakeholder management issues, EIA process, and environmental permits) can influence 

the way the concessionaire is controlled throughout the project’s lifecycle (Nijsten et al., 2010). 

Direct calibration was used for establishing the membership of this condition by considering 

the case study data. The cross-over point was set at the average number of bidders, between 2 

and 3 proponents per project. The full non-membership was established as one single bidder 

(i.e., 20th percentile), which is also the minimum number of bidders found in previous studies 

(Domingues & Sarmento, 2016; Guevara, Salazar, et al., 2020). In line with that, the full 

membership threshold was set at the 80th percentile (i.e., more than 3 bidders), which is higher 

than the mean of bidders found in 32 international PPP projects analyzed among 13 countries 

(Domingues & Sarmento, 2016).  

(3) The initiation process (INI) reflects either if the project was originated by the public 

sector (solicited proposal) or by the private sector (unsolicited proposal). Consequently, the set 

was defined through two anchor points: full membership (1- solicited proposal), and full non-

membership (0 – unsolicited proposals).  

(4) Location (LOC) is referred to the geographical position of the PPP project in the 

country. The location of a road project determines several implications due to geotechnical 

factors, weather-related conditions, forest cover concerns, and even key determinants of the 

traffic such as the regional economic and demographic aspects (Androulidakis & Karakassis, 

2006). 

The calibration for this condition was established by considering that the Andes 

Mountains in Colombia are split into three branches (i.e., Western, Central, and Eastern) 

(Cosoy, 2015). Based on that, non-membership was established for regions related to the 

Central and Western branches (Mid- and South-West regions) which are the most stable 

geotechnically (Cediel & Shaw, 2019). Additionally, these regions are the rainiest and exhibit 
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the highest forest cover across the territories encompassing the Amazon and Darien rainforests 

(Anaya et al., 2020). Furthermore, these territories have established relevant historical 

economic ties with Colombian Pacific coast ports (Cosoy, 2015).  

Conversely, membership was established for regions related to the Eastern mountain 

range (Mid-East and North regions), which are the least geotechnically-stable (Cediel & Shaw, 

2019) and rainy (e.g., Atlantic region) areas; including territories with the lowest forest cover 

(e.g., La Guajira desert) (Anaya et al., 2020). Moreover, these zones have constituted 

preponderant historical economic ties with the Colombian Atlantic Coast and Venezuela 

(Cosoy, 2015). 

(5) The consultant’s capability is focused on the resources of specialized environmental 

consultant companies that are subcontracted by the concessionaires to conduct the EIA and 

obtain the environmental license for the EIA approval, which is required to start the 

construction works. As shown in Table 6-3, the consultants’ capability relies on staff resources 

condition (STF), which assesses the interdisciplinary team of specialists deployed to undertake 

the EIA. A statistical analysis of the data was performed to identify three anchor points that 

define the set:  

• Full membership: At least 60 expert positions (i.e., 95th percentile) 

• Cross-over point: 40 expert positions (i.e., average) 

• Full non-membership: Less than 20 expert positions (i.e., 5th percentile) 

(6) The third cluster is communities’ participation and relies on communities’ 

involvement, which assesses the significance of the participation of the inhabitants within the 

influence area of the project in the EIA development. Previous research has demonstrated that 

the lawsuits entail a transparent indicator of public participation success (Sedlin et al., 2020). 

Moreover, the absence of lawsuits against the EIA process indicates a successful community 

involvement, and a significant absence of communities’ involvement is reflected in multiple 

lawsuits led by these communities in which the court’s judgments are in the plaintiff’s favor. 

This condition was scored and calibrated by adopting the existence of court judgments 

in response to lawsuits brought by communities against the EIA process at the cross-over point. 

The absence of lawsuits was set as threshold for full membership, which is something that has 

been recognized in the extant literature as a reliable indicator of successful communities’ 

participation (Sedlin et al., 2020). Patrial membership was characterized as the presence of 

court judgments against the plaintiff’s claim in all the cases. In line with that, the existence of 
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court judgments in the plaintiff’s favor was assumed as partial non-membership for one single 

verdict and as a full non-membership for two or more decisions.  

6.6.2.2 EIA Effectiveness Dimensions as Outcomes 

The relevant outcomes established for the analysis were based on the multidimensional 

definition of EIA effectiveness, namely, procedural, substantive, transactive, and normative 

(Fig. 6-2). 

 

 
Figure 6-2. Causal Conditions and Outcomes 

Normative effectiveness analyzes the extent to which the policy meets its intended goal 

(Baker & McLelland, 2003). Procedural effectiveness examines the adherence of the EIA to 

the policy and its process structure (Loomis and Dziedzic 2018). Substantive effectiveness 

focuses on the effects of the EIA on the reduction of negative environmental impacts (Lyhne 

et al. 2017). The transactive dimension considers the effectiveness of the cost and time required 

to conduct the EIA (Chanchitpricha and Bond 2013). The anchor points defining each outcome 

are presented in Table 6-4 and the full calibration scores are presented in Tables 6-S1 to 6-S10 

in the Supplemental Material. 

Table 6-4. Anchor Points for Outcomes 

Outcome Anchor Points 

Normative 

EIA 

Effectiveness 

‘Full membership’ – No temporary suspension on the environmental licensing process due 

to non-compliance with requirements 

‘Full non-membership’ – Temporary suspension(s) on the environmental licensing process 

due to non-compliance with requirements 

Procedural 

EIA 

Effectiveness 

‘Full membership’ – Complete adherence to the EIA with procedural formulations and 

range of conditions used in the assessment 

‘Cross-over point’ – Both the formulation and their conditions were altered to some extent 
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‘Full non-membership’ – Some conditions were completely neglected in the formulations 

Substantive 

EIA 

Effectiveness 

‘Full membership’ – No unforeseen impact was found by the environmental control entities 

‘Cross-over point’ –Unforeseen impact(s) was(were) found during the project life-cycle by 

environmental control entities  

‘Full non-membership’ –The project works were suspended temporarily by the 

environmental control entities due to the issues of preventing, reducing, and mitigating 

negative environmental impacts 

Transactive 

EIA 

Effectiveness 

‘Full membership’ – The EIA achieved its intended outcomes within the stipulated time 

without license modifications required by the environmental entity 

‘Cross-over point’ – The EIA was either conducted beyond the stipulated time or the 

environmental entity required multiple environmental license modifications during project 

development 

‘Full non-membership’ – The environmental license process was suspended temporarily 

because of EIA deficiencies in achieving its intended outcomes within the stipulated time 

6.6.3 Truth Table 

Among the 29 PPP projects studied, 28 (97%) were analyzed as the authors gathered 

enough data. Each of the 28 cases was coded according to the calibration scheme established 

previously. Table 6-5 shows the truth table presenting the fuzzy membership scores for the 

conditions and outcome indicators. For each of the four outcome indicators (normative, 

procedural, substantive, and transactive EIA effectiveness) fsQCA was conducted separately 

to establish the combination of conditions that led to their success. The truth table reveals that 

no cases were missing data, which demonstrates the completeness of the data gathered. 

Table 6-5. Truth Table of fsQCA for 28 road PPP cases 

 Potentially Relevant EIA Conditions Outcome Indicators 

 
Consultants' 

Capability 

Project Features 

 

Communities' 

Participation 

EIA Effectiveness 

 

ID STF PC BID INI LOC INV PE SE TE NE 

1 0 0.3 0.7 1 0.7 0.3 1 0 1 0.7 

2 0 1 0.3 1 0 1 0.3 0.7 1 0.7 

3 0.7 0.7 0.3 0 1 0.7 1 0 0 1 

4 0 0.3 0 1 0 0.7 0.7 0.7 0.3 0.3 

5 0 1 0.3 1 0 0.7 0 0.7 0 0.7 

6 0 0.7 0.3 1 0 0.7 1 0.7 1 0.3 

7 0 0.3 1 1 1 0 0 0.7 0 1 

8 0 1 0.7 1 0.3 0.3 0.3 0 0.7 0 

9 0.7 0.3 0.3 1 0 0.7 0.7 0 0.3 1 

10 0 0.3 1 1 1 0.3 0.7 0.7 0.7 1 

11 1 0.7 0.7 1 0 1 0.3 0.7 1 0.7 

12 0 0.7 1 1 1 0.7 0.7 0 0.7 0.7 

13 0.7 0.3 0.7 1 0 0.7 0.7 0 1 0.7 

14 0.7 0.7 0.7 1 1 1 0.3 0.3 0.3 1 

15 0 1 0 1 0.3 0.7 1 0.7 1 0 
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16 1 1 1 1 0.3 0.7 0.7 1 1 1 

17 0 0.3 0.3 1 0 0.7 0 0.3 0.7 0.7 

18 0 0 1 1 0.7 1 1 0.3 1 1 

19 0 1 0.3 1 0.7 1 1 0.7 0.7 0.3 

20 0 0 0.3 1 1 0.3 0.3 0 0.3 0.3 

21 0 0 0 0 0.3 0.7 0.7 0 1 1 

22 0 0 0 0 0.7 0 0.7 0.7 0.3 0.3 

23 0.3 1 0 0 1 0.3 0 0.7 0 0.3 

24 0 0.3 0 0 0 0.7 0.7 0.7 0.3 0.7 

25 0.7 0 0 0 1 0.7 0.7 0.3 0.7 1 

26 0 0.3 0.7 0 0 0.7 1 0 1 1 

27 0 0.3 0 0 0 0.7 1 0.3 0.7 0.7 

28 0 0.3 0.3 1 0.3 0.7 0.7 0 1 1 

Note: STF: Staff Resources; CPX: Project Complexity; BID: Number of Bidders; INI: Initiation Process; LOC: 

Location; INV: Communities’ Involvement; PE: Procedural Effectiveness; SE: Substantive Effectiveness; TE: 

Transactive Effectiveness; NE: Normative Effectiveness. 

6.6.4 Analysis of Causal Necessity for EIA Effectiveness 

For this study, necessary conditions are considered if their consistency is higher than 

0.9 (Ragin 2008). Based on such a consistency threshold, there are no necessary conditions for 

producing high effective EIA outcomes, as presented in Table 6-6. Overall, none of the 

consultants' capability, project features, or communities' participation includes necessary 

conditions for a high EIA effectiveness in an isolated way. 

Table 6-6. Necessary Conditions with the highest Consistency Scores  

Condition Consistency Coverage Outcome Consistency Coverage 

~STF 0.83 0.71 NE 0.825581 0.706468 

INV 0.81 0.79 NE 0.808139 0.785311 

CPX 0.79 0.56 PE 0.785714 0.557971 

INI 0.80 0.39 PE 0.795918 0.390000 

INI 0.78 0.67 SE 0.783626 0.670000 

INV 0.80 0.77 SE 0.795322 0.768361 

~STF 0.81 0.77 TE 0.806283 0.766169 

INV 0.76 0.82 TE 0.764398 0.824859 

 (~) Indicates the absence of a condition 

Note: STF: Staff Resources; CPX: Project Complexity; INI: Initiation Process; INV: Communities’ Involvement; 

NE: Normative Effectiveness; PE: Procedural Effectiveness; SE: Substantive Effectiveness; TE: Transactive 

Effectiveness. 

6.6.5 Analysis of Sufficient Configurations for EIA Effectiveness 

Unlike the analysis of causal necessity, the analysis of sufficient configurations aims to 

expose the set of conditions configurations that are sufficient to lead to a high EIA effectiveness 

in each of the dimensions. The most representative parsimonious configurations of conditions 

for generating each of the EIA effectiveness dimensions were analyzed considering consistency 
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values greater than 0.9 (Jordan et al. 2011). These configurations may include the absence of 

one or more conditions (denoted by ~) for producing EIA effectiveness. Table 6-7 shows the 

summary of sufficient combinations that led to each of the EIA effectiveness dimensions along 

with the number of cases. 

Table 6-7. Parsimonious Solutions for EIA Effectiveness 

Consultants’ 

Capability 
Project Features 

Communities’ 

Participation 

Effectiveness 

Dimension 

Number 

of Cases 

Consistency Coverage 

STF PC BID INI LOC INV      

 0 
 

 0 
 NE 9 0.910256 0.412791  

 0    1 NE 11 0.932692 0.563953  

1    1  NE 1 0.903226 0.162791  

1    1  PE 1 0.906452 0.255102  

  1   1 SE 7 0.907727 0.461988  

0   1  1 SE 9 0.908889 0.467836  

0    1 1 TE 5 0.903226 0.293194  

0  1    TE 8 0.938775 0.481675  

  1  1  TE 6 0.913043 0.329843  

0 0   0  TE 8 1 0.387435  

0 0    1 TE 10 1 0.507853  

[1] Indicates the presence of the condition and [0] indicates the absence of the condition 

Note: STF: Staff Resources; PC: Project Cost; BID: Number of Bidders; INI: Initiation Process; LOC: Location; 

INV: Communities’ Involvement; NE: Normative Effectiveness; PE: Procedural Effectiveness; SE: Substantive 

Effectiveness; TE: Transactive Effectiveness. 

6.6.5.1 EIA Effectiveness Dimensions 1: Normative 

The analysis resulted in three combinations of conditions leading to EIA normative 

effectiveness (Fig. 6-3). Figure 6-3 presents boxes to establish the presence/absence of a 

specific condition in sufficient combinations according to the QCA. The boxes are connected 

by arrows to indicate each of the combinations of conditions sufficient to produce each of the 

EIA effectiveness dimensions analyzed. To facilitate the interpretation of the graph, gray boxes 

highlight the presence of the conditions and white boxes the absence (denoted by ~) of them. 

 

Figure 6-3. Combinations for EIA Normative Effectiveness 
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While two out of the three combinations that lead to a high EIA normative effectiveness 

are observed on relatively low-cost projects (~project cost) and do not depend on consultants’ 

capability, the last combination included settings from the consultants’ capability (staff 

resources) and project features (location).  

The first and second combinations that are sufficient to lead to a high normative EIA 

effectiveness demonstrate that relatively low-cost projects characterized by less significant 

affectations on the environment (e.g., non-significant tunnels) did not require the involvement 

of the consultants’ capabilities cluster. In this regard, the second combination relies exclusively 

on the project features’ cluster demonstrating that relatively low-cost projects may achieve a 

high EIA normative effectiveness independently of the communities’ participation and 

consultants’ capability according to their specific context (i.e., location). Conversely, the first 

combination leading to a high normative EIA effectiveness demonstrated requiring 

communities’ involvement to reach a significant achievement of the EIA policy’s intended 

objectives in relatively low-cost projects. 

The last combination for a high normative EIA effectiveness revealed that according to 

the project location, specific features from the consultants become increasingly relevant by 

incorporating experienced consultants with significant professional backgrounds (staff 

resources) to achieve the EIA policy’s intended objectives. 

The Santana-Mocoa-Neiva (Table 6-5 – Case ID 28) project is an example of multiple 

combinations for high normative EIA effectiveness. This is a relatively low-cost project (2 

million USD/km) due to its comparatively fewer representativeness of tunnels and bridges per 

km located in the southwest region of the country. This PPP achieved a significant involvement 

of the communities through detailed incorporation of their concerns diminishing social 

opposition against the environmental licensing resulting in high normative effectiveness. 

6.6.5.2 EIA Effectiveness Dimensions 2: Procedural 

The EIA procedural effectiveness was analyzed, as presented in Figure 6-4. The 

analysis resulted in one single combination sufficient for producing high EIA procedural 

effectiveness relying only on consultants’ capability and project features rather than 

communities’ participation. In this combination, projects driven by multiple consultants with 

significant professional backgrounds (staff resources) located in the mid-east regions of the 

country, demonstrated being increasingly prone to result in highly procedural EIA 

effectiveness.  
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The Pamplona-Cucuta project (Case ID 19) provides an example of a high effectiveness 

procedural EIA because of the significant staff resources devoted by the consultant. Moreover, 

the concessionaire chose one of the most experienced environmental consultant companies in 

EIA in PPPs the country involved in four out of the 28 road PPP projects in the country, which 

incorporated more than 50 experts from multiple backgrounds to develop the EIA resulting in 

a high procedural EIA effectiveness. 

 

Figure 6-4. Combinations for EIA Procedural Effectiveness 

Interestingly, this combination demonstrated neglecting communities’ participation but 

including specific consultants’ configurations (staff resources). Consequently, the adherence 

of the EIA to the theoretical-methodological formulations is driven by the knowledge, 

experience, and capabilities of the consultants and the implementation of the assessment on the 

site according to the environmental conditions rather than the communities’ participation.  

6.6.5.3 EIA Effectiveness Dimensions 3: Substantive 

The analysis of the conditions sufficient for high substantive effectiveness resulted in 

two combinations (Fig. 6-5). Overall, both combinations demonstrated that communities’ 

involvement is a common sufficient condition for a high substantive EIA effectiveness. In 

effect, a sustained long-term reduction of negative environmental impacts in large-size 

projects requires proactive public accountability developed by the communities inhabiting 

local territories.  

In this regard, the first combination demonstrated that the complementary 

accountability developed in the life cycle from a high number of non-preferred bidders and 

communities entails sufficient conditions for a highly effective substantive EIA. Interestingly, 

the consultants’ capability proved not to be significant in achieving a high EIA substantive 

effectiveness for this combination. This counterintuitive finding proves that achieving the 

reduction of negative environmental impacts properly relies more significantly on the 

performance of the concessionaire to conduct the measures established in the EIA rather than 

the consultants’ capacity.  
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Figure 6-5. Combinations for EIA Substantive Effectiveness 

The second combination sufficient to lead to a high substantive EIA effectiveness relies 

on the three clusters of conditions: the consultant’s capability, project features’, and 

communities’ participation. Projects initiated entirely by the public sector (i.e., solicited 

proposals) with concessionaire’s environmental advisors that assigned fewer staff resources for 

the EIA (~staff resources) aiming to facilitate collaboration and coordination within the 

consultant's team and a significant communities involvement resulted in high substantive EIA 

effectiveness. The Discussion section will provide the main reasons why fewer staff resources 

within the concessionaire’s environmental advisors may be beneficial for the EIA 

effectiveness.  

The Villavicencio Yopal highway (Case ID 12) is an illustration of both combinations. 

This is a project initiated by the public sector (solicited proposal) that simultaneously gathered 

a significant number of bidders (six proponents), a few consultant’s crew (less than 20 members 

with key backgrounds), and achieved a significant communities involvement during the 

environmental licensing process by incorporating their main concerns within the environmental 

impact assessment, resulting in a high substantive EIA effectiveness.  

6.6.5.4 EIA Effectiveness Dimensions 4: Transactive 

The analysis of the conditions sufficient for high transactive effectiveness resulted in 

five combinations of conditions that lead to a high EIA transactive effectiveness (Fig. 6-6). 

Interestingly, four out of the five combinations demonstrated that the duration of the 

environmental licensing process relies on reduced members within the concessionaire’s 

environmental advisor team with specific professional backgrounds, which will be further 

explained in the Discussion section. 
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Figure 6-6. Combinations for EIA Transactive Effectiveness 

The first combination relies on relatively low-cost projects under specific contextual 

conditions (~location) led by a consultant team composed of a small number of specific roles. 

The second and third combinations for producing high transactive effectiveness have requiring 

high communities’ involvement in common. Consequently, the accountability role of 

communities is a significant driver for the transactive effectiveness of the EIA and the duration 

of the environmental licensing process. There are two alternative pathways to reach transactive 

effectiveness when coexisting a few consultant’s staff resources and a high communities’ 

involvement depending on specific project features either under specific contextual conditions 

(location) or relatively low-cost projects. Alternatively, a highly competitive tendering process 

(number of bidders) results in higher accountability from the non-preferred bidders, which 

incentivizes optimizing the efforts within a reduced staff team to achieve a high effective EIA 

from a transactive perspective. 

The last combination relies exclusively on project features. This demonstrates that if 

the project resulted from a highly competitive tendering process with three or more shortlisted 

tenders (number of bidders) and specific contextual factors (location), the consultants’ 

capability and communities’ participation are not required to achieve a highly effective EIA 

from a transactive point of view. Transversal del Sisga project (Case ID 10) provides a 

meaningful example of this combination resulting in a high EIA transactive effectiveness. This 

is the most competitive tendering process (i.e., seven bidders) among the sample analyzed 

located in the mid-east region in Colombia (Boyaca), resulting in a high transactive EIA 

effectiveness. 
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6.7 DISCUSSION 

After closer examination, findings revealed common patterns about how megaprojects 

can achieve elevated levels of EIA effectiveness. These common patterns derived from the 

QCA findings may help decision-makers to improve their understanding of the drivers that lead 

to significant EIA effectiveness.  

6.7.1 Pattern 1: One Recipe Does Not Fit All EIA Effectiveness Dimensions 

Before diving into the analysis of each EIA effectiveness dimension, particular 

attention should be devoted to the necessity analysis. The QCA distinguished sufficiently the 

necessary conditions leading to EIA effectiveness. This analysis demonstrated there are neither 

sufficient nor necessary single conditions for the four EIA effectiveness dimensions 

investigated, which means that neither the absence nor the presence of any of the conditions is 

necessary for multidimensional EIA effectiveness. 

Results also revealed that there is no unique combination for producing high 

effectiveness in all dimensions of EIA and there are 11 combinations sufficient for producing 

unidimensional EIA effectiveness. This finding highlights the relevance of analyzing the four 

EIA effectiveness dimensions rather than unidimensional EIA effectiveness, which remains the 

most traditional perspective employed for assessing EIA in real projects (Khan et al., 2020). 

Consequently, findings decode the configurational essence of EIA effectiveness against the 

standardized approach aiming for one size fits all. 

Previous literature has emphasized the role of organizational and institutional factors 

affecting heterogeneously at the program level. In this regard, Jooste et al. (2011) demonstrated 

how diverse institutional and organizational factors result in the heterogeneous implementation 

of PPP programs among regions with similar contexts. This paper complements this 

perspective at the project level by demonstrating that even projects within the same institutional 

and organizational framework results in heterogeneous pathways leading to a high EIA 

effectiveness according to specific local conditions. 

6.7.2 Pattern 2: Concessionaire’s Advisors are Required for EIA Effectiveness 

This study demonstrated that environmental consultants play a meaningful role in all 

the EIA effectiveness dimensions. Moreover, the role of consultants in EIA effectiveness is 

twofold among the EIA effectiveness dimensions, as shown in Fig. 6-7.  

For EIA's normative and procedural effectiveness, a high consultant’s staff resources 

neglected the impacts exerted by other external stakeholders (i.e., non-preferred proponents 
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and communities’ involvement) and only relies on its complementation with specific 

contextual conditions (a specific location). Conversely, for EIA substantive and transactive 

effectiveness, a low consultant’s staff resources constitute the cornerstone for multiple 

combinations aiming for high outputs but it is required to be complemented by additional 

external stakeholders: either a high communities’ involvement or a high number of bidders. 

The latter pattern was reflected on North Connection Road (Case ID 17); which is a solicited 

proposal whose concessionaire chose a consultancy company not involved in any simultaneous 

PPP project that established specific roles within a reduced number of staff members. This 

project is a relatively low-cost solicited proposal (3.3 million USD per km) located in the mid-

west region (Antioquia region). Overall, procedural effectiveness is driven by the consultant’s 

knowledge, experience, and an optimum allocation of specific capabilities rather than an 

excessive number of personnel within the consultant's team that may lead to coordination issues 

and the requirement of increasing managerial efforts for the control and monitoring of the 

activities for the EIA development.  

 

 
Figure 6-7. Co-existing Combinations for Multidimensional EIA Effectiveness based on 

Project Features 

This pattern complements previous literature focused exclusively on the relationship 

between consultants and the public sector (Morrison-Saunders and Bailey 2009). Each of the 

EIA effectiveness dimensions requires specific configurations for the consultant’s capability 

conditions: either meaningful staff resources (for a high normative and procedural EIA 

effectiveness)  or reduced staff resources (for a high substantive and transactive EIA 

effectiveness). 
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6.7.3 Pattern 3: Project Features is a Conrnestone for Multidimensional EIA 

Effectiveness 

An in-depth analysis of cases revealed that multidimensional EIA effectiveness is 

suitable based on specific project features. This pattern was evidenced especially in Autopista 

al Mar 2 (Case ID 13) where the simultaneous integration of combinations driven by project 

features led to a high normative, substantive, and transactive EIA effectiveness, as shown in 

Fig. 6-8.  The specific project features that led to a high multidimensional EIA effectiveness 

are related to project context (a relatively low-cost project located in the mid-west region) and 

specific decisions of the public (a solicited proposal with a high number of bidders) and private 

partners (efforts devoted on communities’ involvement and selection of the consultant 

company for the EIA).  

Previous literature has emphasized the role of project context for risk allocation 

(Nguyen et al., 2018); however, this study complements this perspective by demonstrating the 

role of project context for EIA. Consequently, specific local circumstances to the project may 

be favorable to limit uncertainty regarding potential environmental impacts (i.e., relatively low-

cost projects located in specific regions), contributing to multidimensional EIA effectiveness.   

 

Figure 6-8. Combinations for Multidimensional EIA Effectiveness based on Project Features 

Sufficient conditions for multidimensional EIA effectiveness demonstrated that a 

significant number of non-preferred proponents was a meaningful condition for high outcomes 

within the project features. A high number of non-preferred proponents (highly competitive 

tender) demonstrated playing a meaningful role in the accountability as a sufficient condition 

within the combinations for two out of the four outcomes in this study. The substantive and 

transactive EIA effectiveness demonstrated combinations that relied on achieving a significant 



177 

 

number of bidders, as shown in Fig. 8. As the number of bidders increases, the accountability 

for the successful bidder rises with respect to issues concerning project environmental 

performance.  

An example of this pattern is the Third Lane Bogota-Girardot project (Case ID 26). 

This project is a relatively low-cost initiative (less than 4 million USD per km) located in the 

mid-west region near the capital of the country and resulted from a highly competitive 

tendering process in which three bidding groups were involved. The two non-preferred groups 

played a meaningful role in the short- and middle-term, in respect to significantly increasing 

the accountability of the project by triggering prominent levels of attention from public sector 

agencies. In this regard, although the number of prequalified bidders has previously been 

analyzed for achieving more competitive PPPs (De Clerck & Demeulemeester, 2016); there 

remains a gap in the role of non-preferred proponents during the PPP life-cycle. Consequently, 

this study highlights the importance of identifying the accountability role of these players in 

terms of improving environmental outcomes. 

The significance of the number of bidders highlights that the public sector also plays a 

significant role in the EIA effectiveness according to the project attractiveness (reflected by the 

number of bidders). Relevant competence during the bidding process constitutes a cornerstone 

for multidimensional EIA effectiveness, as it strengthens project accountability. 

6.7.4 Pattern 4: High Communities Involvement is one of the Triggers for EIA 

Effectiveness 

A high community’s involvement was found among the combinations for most of the 

EIA effectiveness dimensions as a meaningful component. This pattern demonstrated 

constituting a common trigger for multidimensional EIA effectiveness achieved in specific 

project cases such as Puerta de Hierro – Cruz del Vizo (case ID 18). Fig. 6-9 shows the 

simultaneous conditions allowing multidimensional effectiveness where a high communities’ 

involvement was employed in a relatively low-cost solicited proposal, with a highly 

competitive tendering process, developed by a team composed comparatively of a few 

members (23 members), in the least rainy and with lowest forest cover regions (e.g., Atlantic 

region).  
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Figure 6-9. Co-existing Combinations for Multidimensional EIA Effectiveness based on 

Communities’ Involvement 

 

High levels of community involvement seem to be relevant for the success of three out 

of the four analyzed EIA effectiveness outcomes. The communities’ role tends to be paired 

with few consultants’ staff resources or a significant number of non-preferred proponents. 

Consequently, for multidimensional EIA effectiveness, high levels of communities’ 

involvement tend to complement successfully either scarcity of consultants’ staff resources or 

a significant number of non-preferred bidders. In line with that, communities’ involvement 

proved to be useful for improving transactive effectiveness in conjunction with consultants 

with limited staff resources either in relatively low-cost projects or for specific project contexts 

(location). It also shows to be important to complement the accountability role played by a 

significant number of non-preferred proponents in high-competitive tenders for achieving 

substantive effectiveness. Overall, significant communities’ involvement incorporates key EIA 

considerations that only can be properly known by the historic inhabitants of the area. Although 

previous research has identified the relevance of communities’ involvement in improving PPP 

outcomes (Castelblanco, Guevara, & Salazar, 2022; Castelblanco, Guevara, Mesa, et al., 2022); 

further research is required for continuing proper exploration of the complementary role of 

communities respecting non-preferred proponents and consultants in PPP projects. 

The prominent role of communities’ involvement complements previous studies 

focused on the relevance of specific interest groups among heterogeneous arrangements of 

local communities for public participation aiming for effective EIAs. In this regard, Dagiliute 

and Juozapaitiene (2018) concluded that local business companies are relevant for successful 

consultation processes and effective EIA in road projects. Previous literature has also focused 

on the role of ethnic minorities in the development of megaprojects and their legitimacy (Horta, 
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2012). Accordingly, this study complements this traditional understanding of the role of 

communities’ involvement by demonstrating it is determinant not only for the legitimacy of 

megaprojects but also for their environmental performance in the short- and long term.  

6.8 CONCLUSIONS 

By embracing a QCA approach, this study uses fsQCA to identify the combinations of 

conditions that generate causal pathways to EIA effectiveness across 28 toll road PPPs. 

Although QCA has not been widely used to analyze EIA effectiveness in PPPs, this study chose 

this approach to combine the strengths of qualitative and quantitative methods. 

Findings revealed that there are neither sufficient nor necessary single conditions for 

the four EIA effectiveness dimensions inquired. Moreover, because there is not a single 

combination for producing multidimensional high effectiveness; the analysis shows that 

examining each of the four dimensions is required to decode the configurational essence of 

EIA effectiveness. Consequently, this investigation explores the multiple conditions shaping 

environmental success, emphasizing that there is not a one size fits all recipe for EIA 

effectiveness in road PPP projects.  

This study contributes to the EIA body of knowledge by exposing the influence exerted 

over the multidimensional EIA effectiveness by three external stakeholders: environmental 

consultants, non-preferred proponents, and communities. A limited number of personnel within 

the environmental consultants require to be complemented by either a high number of non-

preferred proponents or a high communities involvement for EIA normative and procedural 

effectiveness. Non-preferred bidders demonstrated playing a meaningful role in the life-cycle 

accountability to achieve the intended project’s environmental outcomes. Communities’ 

involvement showed complementing successfully either a significant number of non-preferred 

bidders or scarcity of consultants’ staff resources by incorporating key considerations for the 

EIA that only can be properly known by the historic inhabitants of the area.  

Overall, this research provides a basis for academics and practitioners to explore sets 

of drivers that trigger EIA effectiveness in road PPP projects. Concessionaire’s decision-

makers can use this study to establish suitable strategies for multidimensional EIA 

effectiveness according to specific project features. According to the initial setting of the 

project, the concessionaire may be benefited from this study by purposely choosing the 

environmental consultant and establishing the effort required for communities’ involvement in 

order to obtain high EIA effectiveness. Each of the causal pathways exposed in this study 
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should be further analyzed in future research to facilitate their implementation in the 

development of EIA in PPPs. Debt providers can benefit from this study by incorporating 

meaningful insights useful to assess and mitigate environmental risk, which is a significant 

element within the risk profile assessment for the financial closure of PPP projects. To reduce 

environmental risks, debt providers could establish specific requirements according to the 

project and concessionaires’ features, to emphasize the specific characteristics of the 

environmental consultant and the effort devoted to communities’ involvement to reduce further 

impacts derived from the environment and external stakeholders.   

6.9 LIMITATIONS AND FUTURE RESEARCH 

This research is limited in multiple ways. First, the 28 toll road PPPs are ongoing 

projects and some of these projects had not finished the construction phase. Future research 

can focus on samples of PPPs that have completed the construction and operation phases, 

especially when considering the substantive effectiveness that benefits from a long-term rather 

than a middle-term perspective. Second, this study focused on a single national PPP program 

in a developing country with a single legal framework shaping the communities’ participation, 

the EIA requirements, and the environmental licensing process. Further research may benefit 

from a comparative analysis incorporating cases from different legal frameworks, 

incorporating developed and developing countries. Third, this analysis was limited to user-pay 

PPPs. Further research could incorporate shadow tolls and availability payment PPPs to explore 

the incidence of the payment scheme in the EIA effectiveness. Fourth, the sample chosen in 

this study was restricted to toll road PPP projects. Future research could comparatively analyze 

multiple nonroad PPP infrastructures. Last but not least, this study adopted an outcome-

centered approach, which implied limiting the number of potential conditions analyzed in order 

to achieve empirical relevance of the results. Further research may complement this study by 

adopting a theory-oriented approach that allows incorporating an increasing number of 

conditions to contrast the observed cases with theoretical ideas, which could incorporate the 

four EIA effectiveness dimensions into one outcome indicator. 
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CHAPTER 7 – CONCLUSIONS 
 

This chapter presents the overall conclusions of this dissertation. First, the general findings that 

answer the main research question are summarized including some sustainability enabling 

measures for toll road PPPs. These measures rely on the specific features of the role of 

responsible, impacted, and external stakeholders under a life-cycle perspective. Next, the 

specific findings derived from each of the perspectives analyzed in this dissertation are 

presented to answer each of the research questions. Subsequently, the practical and theoretical 

contributions are explained and future research paths are highlighted. 

7.1 GENERAL FINDINGS 

7.1.1 Multidimensional Challenges 

This dissertation introduced the multidimensional challenges that affect the economic, 

social, and environmental dimensions of sustainability for toll road PPPs in developing 

countries. The motivation of this multidimensional approach is to expose the interwoven 

relationships underneath the complex socio-technical systems shaped by the multiple 

sustainability dimensions. Based on that, this dissertation adopted the premise of avoiding 

simplistic assumptions regarding pure uni-dimensional sustainability challenges and embraced 

a life-cycle perspective. This multidimensional approach contrasts with the traditional research 

that isolates challenges, which often results in a segmented analysis that neglects the 

complexity of sustainability. Therefore, this dissertation recognizes that sustainability 

challenges, their causes, and potential enabling measures rely on interconnected life-cycle 

decisions and managerial processes.  

Three multidimensional challenges were recognized in this dissertation, namely, toll 

tariff policy unbalances, lack of alignment of impacted stakeholders’ goals with project goals, 

and lack of effective information sharing from impacted stakeholders. At the program level, 

toll tariff policy unbalances affect primarily the socio-economic sustainability of PPP 

programs. The lack of alignment of impacted stakeholders’  goals (centered on local 

communities) with project goals (centered on users) is a challenge at the organizational level 

directly related to the socio-economic sustainability of toll road PPPs. However, this challenge 

also has effects on the environmental sustainability of toll roads because the social activism 

resulting from this challenge motivates social stakeholders to increase the pressure on 

environmental institutions to impede the development of the projects. The lack of effective 
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information sharing from impacted stakeholders affects the social sustainability of the projects 

when restricting the effective participation of impacted stakeholders since the early phases of 

the project. Moreover, this challenge also affects the economic and environmental 

sustainability of toll road PPPs because the responsible stakeholders identify and evaluate risks 

without key information only properly known by the historic inhabitants of the region, resulting 

in higher uncertainty and increasing unforeseen events that generate cost overruns also related 

to environmental risks. 

7.1.1.1 Toll Tariff Policy Unbalance 

Toll tariffs tend to be unbalanced, especially in developing countries, because of the 

public sector’s incentive to reduce the subsidies required as much as possible, affecting the 

socio-economical dimensions of sustainability. The analysis of the Chilean and Colombian PPP 

programs demonstrated that this challenge is exacerbated when traffic risk is allocated to users, 

by allowing the increase of concession periods and user fees, when traffic is beyond expected 

levels. Unbalanced toll tariffs provoke a reaction in the impacted stakeholders manifested in 

the erosion of the social legitimacy of projects and the whole PPP program. In extreme cases, 

excessive fees may trigger impacted stakeholders’ activism against user-pay PPP programs. In 

effect, impacted stakeholders’ activism triggered by excessive toll tariffs constitutes the most 

prejudicial challenge in the Colombian and Chilean cases.  

7.1.1.2 Lack of Alignment of Impacted Stakeholders’ Goals with Project Goals 

The misalignment between project objectives and goals pursued by impacted 

stakeholders is a second relevant challenge identified in this dissertation. This misalignment is 

reflected in the interplay between the impacted stakeholders’ perception of the social value 

delivered by toll road PPP projects and their corresponding toll tariff policy. When local 

communities perceive that project goals do not bring sufficient social and environmental 

benefits, they can perform significant opportunistic behavior against the project’s economic 

objectives. This opportunistic behavior impacts time and cost performance indicators across 

early project phases, incurring higher costs for required land acquisition and overextended 

expropriation processes, as depicted in Chapter 5. Simultaneously, the economic sustainability 

of toll road PPPs is also affected by users’ choice preferences that may opt for alternative 

routes, as a result of misaligned goals. Consequently, daily traffic levels may be affected 

systematically, creating consequences for responsible and impacted stakeholders. In effect, 

traffic underperformance constitutes the highest life-cycle financial impact on the project, as 
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shown in Chapter 4. Traffic underperformance also has repercussions such as lower benefits 

for local communities whose economic activity may have a strong dependence on road users. 

Moreover, opportunism transcends the socio-economic dimension as it may increase social 

pressure on environmental agencies, provoking rejection of licenses or generating higher 

standards than required as indirect blackmail against responsible stakeholders. 

7.1.1.3 Lack of Effective Information Sharing from Impacted Stakeholders  

Specific misbehaviors at the institutional and organizational levels, related to social 

involvement and trust, constitute a third challenge for the sustainability of toll road PPPs. This 

challenge affects in the short run the social dimension of sustainability by impeding effective 

communication and information-sharing mechanisms from impacted to responsible 

stakeholders. This lack of communication from impacted players (e.g., historic inhabitants), 

especially during the shaping phase, has repercussions on project multidimensional 

underperformance in the long run. When historic inhabitants’ knowledge is not adequately 

transmitted and incorporated into the planning and implementation processes conducted by 

responsible stakeholders, the outcomes of the planning process are inadequate, and the 

assessment of the social and environmental risks is inaccurate. Consequently, the lack of 

effective communication from impacted stakeholders increases potential unforeseen (social, 

economic, and environmental) effects that will, ultimately, impact CAPEX performance 

through cost and time overruns. This not only affects private sector profitability but also harms 

government agencies and impacted stakeholders. 

7.1.2 Enabling Measures 

To address the multidimensional challenges found, this dissertation proposed some 

sustainability enabling measures for the overall sustainability of toll road PPPs in developing 

countries. These measures rely on specific features linked to the role of responsible, impacted, 

and external stakeholders under a life-cycle perspective. These stakeholders may contribute to 

enabling the sustainability of toll road PPPs in developing countries.  

To tackle the lack of information sharing from impacted stakeholders, the traditional 

social consultation approach needs to be strengthened with complementary relational 

governance mechanisms. Implementing comprehensive relational governance instruments 

enables a proper identification of impacted stakeholders and the potential negative interactions 

between them and responsible stakeholders, which is the first step to sufficiently integrating 

impacted stakeholders in key decision-making processes. Moreover, this enabling measure 
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may also prevent the public sector from implementing excessive toll tariff increases, 

information sharing issues, and communities’ opportunistic behaviors. In the long run, 

meaningful integration of impacted stakeholders results in a decreased probability of cost and 

time overrun occurrences derived from protests and site acquisition difficulties. 

The role of local governments is especially meaningful as an enabler of relational 

mechanisms to tackle misaligning issues between impacted stakeholders’ goals and project 

outcomes. Local governments’ mediation is particularly important in jurisdictions with unitary 

and centralized forms of government from the PPP shaping phase onwards, as shown in 

Chapter 5. In unitary developing countries, such as Chile and Colombia, local governments are 

necessary for proper identification and further communication with communities contrasting 

with the current practice that neglects local governments’ involvement. Local authorities 

develop ties with the heterogeneous arrangement of persons and social organizations located 

around project sites and facilitate permanent communication links between communities and 

responsible stakeholders. Consequently, trust is built among stakeholders as a prerequisite to 

aligning the goals of project and impacted stakeholders.  

To enable multidimensional sustainability in toll road PPPs, the limited capacity of the 

public sector in developing countries may be counteracted by the accountability role exerted 

by non-preferred bidders. These private sector participants complement communities by 

exerting life-cycle accountability with higher influence on the public sector in the 

implementation and operation phases, as shown in Chapter 6. While communities’ 

accountability is limited because of the heterogeneous interests and motivations of 

disaggregated individual members, non-preferred bidders belong to formal private 

organizations that may have direct communication channels with public authorities. Moreover, 

this accountability role may allow debt providers at national and international levels to obtain 

project-related information, resulting in further accountability over project development. 

To prevent toll tariff imbalance, the role of the public and private sectors is essential. 

The public sector may establish toll tariff caps during the life-cycle, according to social criteria 

without lowering service levels to enable the sustainability of PPP toll roads, as shown in 

Chapter 5. The Colombian and Chilean cases have demonstrated that there are tariffs per km 

in various projects similar to the tariffs in developed countries such as Spain, Italy, and France. 

However, the average income of the population in those developing countries is significative 

lower than these European countries. Consequently, the current socioeconomic analysis 

conducted by the public sector to establish the toll tariffs caps in developing countries should 

incorporate proportionality criteria with respect to international toll tariffs considering the 
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average income of their population even at a local (rather than national) level. Implementing 

this criterion may result in lower result in lower toll revenues, which may be complemented by 

additional financial sources. For example, selling nonstrategic state-owned companies or 

redistributing a portion of the payments from users through mechanisms such as land value 

capture, vehicle users’ taxes, or general taxes. Additionally, to avoid traffic forecast bias that 

will affect later toll tariffs, Chapter 4 also revealed that the concessionaire should conduct 

complementary traffic forecasts before presenting a bid proposal, to contrast the potential 

optimism bias of the public sector projections. 

In extreme cases, when the economic sustainability of toll road PPPs is endangered, the 

role of debt providers becomes especially relevant as the last resort to balance financial 

underperformance. In effect, debt providers can offer suitable alternatives for addressing 

potential financial underperformance in PPPs to avoid contractual renegotiation and its 

negative effects on the public sector or the impacted stakeholders. Therefore, increasing the 

repayment period is almost as effective as reducing the CAPEX to rebalance the financial 

outcomes for the concessionaire, as shown in Chapter 4. This strategy is suitable for debt 

providers once the construction phase ends because construction phase risks are no longer 

uncertain and the rate of return of debt is not affected. 

7.2 SPECIFIC FINDINGS 

7.2.1 Findings for Perspective 1 

In the first journal paper (Chapter 2), the interwoven network of research topics within 

the PPP domain was examined for uncovering relationships and trends within PPP research 

topics over the last two decades. Results demonstrate that the PPP body of knowledge has been 

driven by five main issues: financing and economic aspects, road infrastructure, public sector 

management, risk management, and contract management. These topics could entail a dual role 

as inhibitors that jeopardize the emergence of new research trends, and as enablers that act as 

reference points for understanding either existing or new topics within the PPP research 

agenda.  

The analysis conducted in Chapter 2 defined the research avenue followed across this 

dissertation, sustainability. Although this topic has been widely recognized given its relevance 

for PPPs, it has been significantly underrepresented in the PPP body of knowledge, revealing 

that PPP projects' sustainability-related implications remain unclear and reflecting that there is 

a significant gap to fill. Sustainability is essential to strengthen the PPP body of knowledge and 
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counterbalance the roles played by some traditional topics, by promoting the emergence of new 

knowledge clusters. This analysis contributes to reducing the tendency of some traditional 

topics to exert excessive control over the ongoing evolution of the PPP body of knowledge.  

The second journal paper (Chapter 3) was developed as a transition towards 

Perspective 2. This transition built a bridge between the overall PPP body of knowledge 

(Perspective 1 - Chapter 2) and sustainability (Chapters 4, 5, and 6 – Perspective 2). The 

analysis showed that PPP thematic keywords are multidimensionally related to sustainability; 

however, the intensity of these relations is heterogeneous and only four SDGs (i.e., 8, 9, 16, 

and 17) demonstrated a strong connection with PPP development, representing 51 out of the 

169 sustainability targets. The preponderance of such SDGs (and their associated targets) 

implies that their multiple independencies with the PPP body of knowledge can be examined 

through economic, social, and environmental perspectives. Overall, findings demonstrate that 

sustainability cannot be comprehensively understood if the three dimensions (social, 

environmental, and economic) are not properly considered.  

7.2.2 Findings for Perspective 2 

Road infrastructure was chosen for Perspective 2 because it constitutes the most 

representative sector within the PPP literature review conducted in Chapter 2 and is the most 

frequent infrastructure type among PPPs in developed and developing countries. In this 

context, the field of toll road PPPs was chosen for this perspective because it entails increasing 

challenges for social and economic dimensions of sustainability in comparison with non-user 

pay road PPPs, as user-pay initiatives encompass additional inherent risks related to tariffs and 

traffic. As a result of Perspective 1, three research avenues for Perspective 2 were considered.  

 

7.2.2.1 Economic Sustainability in PPPs  

In the third journal paper (Chapter 4), the most significant financial drivers of user-pay 

PPPs were analyzed from an integrated life-cycle perspective. This was done by employing 

system dynamics ideas and information from two real-world case studies for understanding the 

impact of interventions and drivers that concessionaires should prioritize to tackle financial 

performance in each of the project phases. 

The model revealed that there are two significant life-cycle measures that 

concessionaires should implement when addressing financial underperformance without 

contract renegotiations: early proactive improvements (CAPEX savings) and middle-term 

reactive actions (increasing debt repayment period). The former is especially effective at 
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optimizing profitability because short-term CAPEX reductions potentiate the behavior of 

causal loops associated with short-term gains; while neglecting the attenuating effect of the 

IRR on long-term enhancements (like OPEX savings). This finding contrast with life-cycle 

cost theory that emphasizes the higher impact of operation costs respecting the construction 

phase (Galar et al., 2017; Hartwell et al., 2019). On the other hand, increasing debt repayment 

period is relevant for increasing bankability levels in projects with high debt leverage 

conditions. As a reactive response, it was designed to minimize bankruptcy risk in stressed 

PPPs without reducing project profitability at lenders’ expense. This constitutes an effective 

policy that lenders may implement to reduce bankruptcy risk in stressed PPPs without 

detrimental consequences on bank’s profitability. 

Based on the proposed life-cycle measures, it was proved that the most influential 

exogenous driver for the financial performance of toll road PPPs is the initial daily traffic. This 

finding complements previous literature by demonstrating that traffic alteration thresholds 

found in previous case studies have a more detrimental financial impact than other relevant 

exogenous parameters such as debt interest rate and CAPEX overruns produced by external 

factors. In order to reduce the traffic uncertainty when this risk is not fully allocated to the 

public sector, the concessionaire must conduct its own traffic forecast before presenting a bid 

proposal even if it is not required in the tendering requirements. This measure is especially 

relevant in developing countries where economic growth is more sensitive to crises and the 

public forecasts are often optimistically biased. 

7.2.2.2 Social Sustainability in PPPs  

The fourth journal paper (Chapter 5) unraveled the challenges of achieving social 

legitimacy in road PPP programs by adopting a multiple-case study approach. This novel 

perspective on the legitimacy of PPPs showed that achieving social legitimacy requires moving 

from dyad-oriented governance schemes (restricted to responsible stakeholders) to triadic 

governance mechanisms in which impacted stakeholders can be internally considered an 

essential group within PPP development processes.  

Findings revealed three significant groups of challenges that must be addressed to 

enhance social sustainability in user-pay PPP programs: (i) social involvement issues, (ii) 

distrust between impacted and responsible stakeholders, and (iii) lack of social criteria within 

the toll tariff policy.  

Additionally, the analysis demonstrated that social value creation, and the impacted 

stakeholders’ perception of such value, require more engaged forms of integrating impacted 

stakeholders in key decision-making processes, beyond current consultation schemes. The 
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integration of impacted stakeholders challenges the traditional dyadic perspective among 

responsible stakeholders in PPP governance. A triadic governance perspective enhances the 

value creation in toll road projects by reducing social risks and uncertainty and by increasing 

social acceptance of these PPPs. Overall, relational governance mechanisms should be 

mobilized to boost the social legitimacy of PPP programs.  

This chapter exposed the myriad of challenges that need to be dismantled to enhance 

social sustainability in user-pay PPP programs by using specific strategies to trigger social 

legitimacy. Understanding these challenges is necessary for creating social value in PPP 

programs in both developed and developing countries. It demonstrated the relevance of 

impacted stakeholders for initial consultation processes in the shaping phase and during the 

entire life cycle of PPPs. Such long-term stakeholder involvement becomes essential for 

creating PPP value in an increasingly complex environment.  

7.2.2.3 Environmental Sustainability in PPPs  

By embracing fsQCA, the fifth journal paper (Chapter 6) identified the significant 

conditions that generate causal pathways to EIA effectiveness across 28 toll road PPPs. 

Although QCA has not been used before to analyze EIA effectiveness in PPPs, this chapter 

chose this approach to combine the strengths of qualitative and quantitative methods. 

Findings revealed that there are neither sufficient nor necessary single conditions for 

the four EIA effectiveness dimensions inquired (i.e., normative, procedural, substantive, and 

transactive); and consequently, it is required examining each of the four dimensions to decode 

the configurational essence of EIA effectiveness. Accordingly, this investigation explored the 

multiple conditions shaping environmental success based on the premise that there is not a one 

size fits all recipe for EIA effectiveness in road PPP projects.  

Three external stakeholders influenced the achievement of multidimensional EIA 

effectiveness significantly: communities, environmental consultants, and non-preferred 

proponents.  High community’s involvement demonstrated constituting a common trigger for 

multidimensional EIA effectiveness. In this regard, communities’ involvement incorporates 

key EIA considerations that only can be properly known by the historic inhabitants of the area. 

However, this involvement is not enough in an isolated way but requires being complemented 

by high-competitive tenders that trigger the accountability role of various non-preferred 

proponents based on their knowledge about the project (e.g., EIA process, environmental 

permits, and stakeholder issues) for achieving substantive effectiveness. Moreover, normative 

EIA effectiveness can be simultaneously achieved in low-cost PPPs characterized by lower 

requirements of complex infrastructures and better geotechnical conditions. Simultaneously, to 
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integrate transactive EIA effectiveness is required a limited number of staff personnel involved 

in the environmental consultant team in charge of the EIA to reduce potential coordination 

pitfalls that may endanger the consistency and coherence of the process. 

7.3. PRACTICAL AND THEORETICAL CONTRIBUTIONS 

This dissertation contributes to the PPP body of knowledge by unraveling the 

multidimensional challenges of sustainability in toll road PPPs. By implementing a 

combination of qualitative and quantitative research strategies, significant practical and 

theoretical perspectives emerged as discussed below. 

7.3.1 Unraveling the PPP research agenda and its relationship with Sustainability 

Chapter 2 contributed to the PPP body of knowledge by offering a novel approach to 

describing PPP research topics and revealing the dynamics associated with the interrelations 

between them. Whereas previous studies have used network analyses focused on stakeholders 

of PPPs, this chapter introduced Semantic Network Analysis to decode the PPP body of 

knowledge and its interwoven connections. This approach is different from traditional 

systematic literature reviews and bibliometric analysis focused on authors and citations.  

This dissertation constituted one step beyond what traditional PPP literature syntheses 

usually provide because it highlighted not only the most critical PPP research drivers inside a 

specific body of knowledge; but also, the implications associated with the way they are related. 

PPP sustainability and its social dimension were identified in this chapter as significant gaps 

to be filled because of their potential to strengthen the PPP research agenda. Indeed, based on 

this contribution, sustainability constituted the backbone of the whole dissertation as a means 

to counterbalance the excessive control of the traditional topics over the ongoing evolution of 

the PPP research agenda by promoting the emergence of new knowledge clusters. 

Despite the relevance of PPPs for sustainability, previous research has not analyzed the 

PPP body of knowledge thoroughly to uncover its contributions to the achievement of specific 

SDGs and the corresponding research epicenters.  

7.3.2 Contributions for PPP Sustainability at Multiple Levels 

At the project level, concessionaire decision-makers can use this dissertation to 

establish suitable strategies for multidimensional EIA effectiveness according to specific 

project features. According to the initial setting of the project, the concessionaire may benefit 

from this study by purposely choosing the environmental consultant and establishing the effort 
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required for communities’ involvement in order to obtain high EIA effectiveness. Each of the 

causal pathways exposed in this study should be further analyzed in future research to facilitate 

their implementation in the development of EIA in PPPs. Debt providers can benefit from this 

study by incorporating meaningful insights useful to assess and mitigate environmental risk, 

which is a significant element within the risk profile assessment for the financial closure of 

PPP projects. To reduce environmental risks, debt providers could establish specific 

requirements according to the project and concessionaires’ features, to emphasize the specific 

characteristics of the environmental consultant and the effort devoted to communities’ 

involvement to reduce further impacts derived from the environment and external stakeholders. 

Additionally, the financial model developed in this dissertation demonstrated that the 

concessionaire must prioritize investing efforts on short-term proactive measures over long-

term measures. 

At the program level, this study also demonstrated that the intended purpose of social 

activism for restraining private value capture in PPPs is not achieved at the project level 

contrasting with previous research that considers social activism as a mechanism for directly 

redistributing value from the private sector. Conversely, this chapter showed that fundamental 

relational governance mechanisms for building social legitimacy, such as social control, are 

impeded at the project level by payment mechanisms such as the Least Present Value of 

Revenues and only succeed at the PPP program level in the long term.  

At the organizational level, this dissertation complemented the traditional argument that 

transportation PPPs create value by combining public sector oversight with private partners’ 

operational and management skills. In effect, maximizing value creation in road PPPs also 

requires the incorporation of impacted groups as a stakeholder typology, and consequently, the 

responsible stakeholders should make value propositions beyond mere infrastructure provision 

to impacted stakeholders, by giving them a more prominent role in key decision-making 

processes across the PPP lifecycle. This can be done through a process aiming to identify 

impacted stakeholders, establish their fundamental interests, build a mutually agreed 

communication strategy, and conduct a frequent assessment of the stakeholder management 

process, based on mutually agreed performance indicators. 

At the institutional level, this research showed that there is a trade-off between trust 

among the public and private sectors and social legitimacy mediated by contractual 

governance. Risk literature suggests that the public sector should manage social opposition 

risks rather than share or transfer them to the private sector because of its exogenous nature. 

The risk allocation pattern is considered relevant for creating trust between the public sector 
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and private organizations but, simultaneously, it generates the private sector’s disinterest and 

negligence regarding social concerns.  

 

7.4. FUTURE RESEARCH 

Despite the multiple contributions of this research, this was just the initiating point for 

further studies to enhance the economic, social, and environmental sustainability of PPPs. The 

analysis developed in this research has exposed four main research gaps that may become three 

main research avenues in the future. 

7.4.1 A SD Financial model for addressing the Economic Implications of COVID-19 on 

PPPs 

The COVID-19 pandemic has heavily impacted road PPP development worldwide 

because of its financial implications on either achieving financial closure, delays, issues on the 

supply chains, or generating sufficient revenues within low demand conditions (Moseley, 

2020; Outerbridge et al., 2020). Simultaneously, the public sector is increasing infrastructure-

related expenditures, public debt levels are growing, and fiscal pressure is rising; the private 

sector has been unable to keep their employees given the lockdowns and the reduced demand, 

while the social sector is faced with higher rates of unemployment and reduction of income. 

Under this complex scenario, it remains unclear how the public and private sectors should limit 

project performance losses while safeguarding public interests. The financial SD model 

developed in this dissertation can be further customized to consider the constraints derived 

from the pandemic aftermath to propose and assess alternatives for addressing sustainability 

under extreme uncertainty. 

7.4.2 Comparative Analysis between Developing and Developed Countries 

The sustainability implications of PPPs may be significantly different between 

developing countries (analyzed in this dissertation) and developed countries. Significant 

differences may emerge between developed and developing countries at the institutional, 

organizational, and program levels. Moreover, specific points of departure of this dissertation 

such as the environmental legislation, the mindset of social stakeholders, and the economic 

environment and constraints, could be completely different between developed and developing 

countries. Future research could conduct comparative studies of risk allocation patterns, social 

legitimacy, environmental drivers, and financial strategies between countries with different 

levels of development. Comparative analysis of developed and developing PPP programs could 
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be fruitful for establishing further theoretical contributions and practical implications. 

Comparing developed and developing countries could lead to an ideal counterfactual example 

of social legitimacy that was not found in any of the cases analyzed for this dissertation. 

Moreover, suitable counterfactual models could be established between unitary and federalist 

governments, implying that countries like the US, Canada, Germany, and Australia could be 

suitable referents.  

7.4.3 Stochastic Approach for the SD Financial Model 

The financial SD model developed in this dissertation allowed the author to analyze the 

most relevant financial drivers from a concessionaire’s perspective. However, this model used 

a deterministic approach because of insufficient data for building a stochastic approach. 

Consequently, this model can be expanded to incorporate reliable probabilistic distributions for 

meaningful parameters such as alterations in initial traffic, traffic growth, interest rates, 

CAPEX, and Fixed OPEX, to develop a stochastic SD model. One future research avenue could 

be to complement this model to incorporate real options into the scope definition of the 

projects. The real options approach is a suitable tool for facing uncertainty, and it could be a 

valuable infrastructure management tool to enhance changeability. Given the increasing 

uncertainty of long-term contracts, a suitable alternative could be to make provisions to face 

uncertainty by considering the stochastic nature of relevant variables, such as exchange rate, 

GDP, employment, or discounting function. Upcoming research should devote increasing 

attention to the way PPP projects incorporate flexibility-related ideas through stochastic 

approaches at the moment of defining their capital structure, seeking to reduce public subsidies 

and financial costs.  

7.4.4 An Endogenous SD perspective for the Financial Simulation Model  

 

The financial model developed in this dissertation did not aim to explain endogenously 

how risk mechanisms impacts produce financial underperformance. In effect, the configuration 

of the financial model was purposely chosen to “propose suitable alternatives for addressing 

financial underperformance avoiding contractual renegotiations.” Future research could 

complement this model considering the complex non-financial components involved in those 

endogenous structures (e.g., environmental, and social components). This future research path 

could consider meaningful methodological approaches within the SD field such as Group 

Model Building (GMB). 
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GMB allows for the exchange of experts’ perceptions and explores what might be the 

underlying mechanisms for financial underperformance in PPPs. Simultaneously, GMB will 

allow exploring research questions such as how these misbehaviors can be 

prevented/mitigated/addressed (Vennix, 1996). Moreover, GMB allows not only 

conceptualization but especially model formulation by involving a relatively large expert group 

(Richardson & Andersen, 2010). This future research would start with the initial model 

structure developed in the current research as a backbone structure of the system to elicit the 

causal structure of a system, which is recommended by GMB researchers (e.g., Richardson, 

2013; Hovmand, 2014). 

7.4.5 Analysis of Non-User Pay and Non-Transportation PPPs  

 

This dissertation centered its analysis on toll road PPPs due to their significant 

representativeness within the PPP market in developing countries. However, non-

transportation PPPs (e.g., social housing, schools, power plants) have been less common within 

the PPP portfolio and have been recognized as more immature in PPP development (Cui et al., 

2018). There is, therefore, a need to increase research efforts related to the complexities of 

these social PPPs, given their challenges such as financial schemes and stakeholder relations 

(Roehrich et al., 2013; Thacker et al., 2019). This research was focused on user-pay PPPs rather 

than availability payment or shadow tolls. Future research can be focused on understanding the 

implications of non-user payment models in the social legitimacy of PPP programs. This 

implies that national PPP programs that rely on non-user payments, such as the Netherlands, 

the UK, and Belgium, would be suitable for further analysis. 
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SUPPLEMENTAL MATERIAL 

APPENDIX A: SUPPLEMENTAL MATERIAL TO CHAPTER 3 

Table 3-S1. Reference Matrix SDGs and PPP Thematic Keywords 
 SDGs 

ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

P1                X  
P2                X  
P3                X  
P4         X         
P5        X          
P6                X  
P7         X         
P8                 X 

P9                 X 

P10                X  
P11                X  
P12         X         
P13                X  
P14         X         
P15        X          
P16                X  
P17                X  
P18                X  
P19        X          
P20                X  
P21                 X 

P22          X        
P23                 X 

P24          X        
P25          X        
P26    X              
P27         X         
P28         X         
P29         X         
P30         X         
P31        X          
P32        X          
P33                X  
P34                X  
P35                X  
P36   X               
P37         X         
P38         X         
P39                 X 

P40                X  
P41                X  
P42 X X X X  X  X  X X       
P43       X X X    

  
X X  

P44               X   
P45 X X X X  X    X X   X 

 
  

P46         X         
P47        X          
P48        X          
P49         X         
P50                 X 

P51        X          
P52         X         
P53                X  
P54         X         
P55       X     X X     
P56         X         
P57         X         
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P58           X       
P59                X  
P60        X          
P61        X          
P62         X         
P63                X  
P64         X         
P65                X  
P66                 X 

P67       X X X    X   X  
P68         X         
P69                X  
P70                 X 

P71         X         
P72           X       
P73           X       
P74                 X 

P75                 X 

P76           X X X X   X  X X X X X 

P77           X       
P78         X         
P79         X         
P80      X     X   X X   
P81 X                 
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Table 3-S2. Reference Matrix PPP Thematic Keywords and Sustainable Targets SDG 8 and 9 
 Sustainable Targets 

ID 8.1 8.2 8.3 8.4 8.5 8.6 8.10 8.a 8.b 9.1 9.4 9.5 9.a 9.b 

P4          X X  X  
P5 X      X X       
P7          X X  X  
P12          X X  X  
P14          X X  X  
P15       X        
P17          X   X  
P19       X        
P24    X           
P25        X    X X X 

P26      X         
P27          X   X  
P28          X X  X  
P30          X   X  
P31 X X  X   X        
P32       X   X X  X  
P36           X    
P37          X X  X  
P39          X X  X  
P40          X   X  
P42 X X   X  X  X X X  X  
P43          X X    
P44    X           
P45          X X  X  
P46          X   X  
P47    X           
P48  X             
P49          X   X  
P51 X X             
P52          X   X  
P54 X X X     X  X X  X  
P55  X        X   X  
P56          X X  X  
P57          X   X  
P58  X X            
P60   X       X   X  
P62          X X  X  
P63          X X X X  
P64  X        X X  X  
P67          X   X  
P68  X        X X  X  
P70       X        
P71          X   X  
P72  X X X      X   X  
P73           X    
P75           X    
P76  X        X X  X  
P78          X   X  
P79          X X  X  
P80  X X X      X X  X  
P81           X    
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Table 3-S3. Reference Matrix PPP Thematic Keywords and Sustainable Targets SDG 16 
 Sustainable Targets 

ID 16.1 16.3 16.4 16.5 16.6 16.7 16.8 16.10 16.a 16.b 

P1     X      
P2  X  X     X  
P3     X  X    
P6 X  X X      X 

P8      X X    
P10     X X X    
P11 X X X X  X    X 

P13 X X  X       
P16     X   X X  
P17     X   X   
P18     X    X  
P20    X       
P22    X       
P25         X  
P29     X    X  
P33    X  X  X   
P34    X X X X X X  
P35    X X X X X X  
P40     X X X X X  
P41    X X X X X X  
P42     X    X  
P43    X X   X   
P45     X X X X X  
P47    X X   X X  
P50     X    X  
P52      X X X   
P53    X X X X X   
P57      X X X   
P59    X X X X X X  
P61     X    X  
P63      X X X X  
P65     X X X X   
P66      X X X   
P67         X  
P69     X X  X   
P74      X X X   
P75      X X X   
P81      X X    
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Table 3-S4. Reference Matrix PPP Thematic Keywords and Sustainable Targets SDG 17 
 Sustainable Targets 

ID 17.1 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.9 17.10 17.11 17.12 17.13 17.14 17.15 17.17 17.18 17.19 

P1                 X  
P9 X  X X       X    X X  X 

P10      X    X     X X   
P12 X  X  X          X X   
P13         X    X      
P15   X  X          X X   
P16         X        X  
P18         X      X    
P19   X X               
P21      X  X    X X      
P22 X               X X  
P23 X        X      X X   
P24  X                 
P25 X X X X     X      X  X  
P28 X  X                
P29         X        X  
P31 X  X                
P32 X  X  X          X X   
P33               X X   
P34         X        X  
P35         X        X  
P38    X X              
P39 X  X  X          X X   
P40         X        X  
P41 X  X      X        X  
P42 X  X X     X        X  
P43  X X X X    X    X  X X X  
P44       X           X 

P45       X  X      X X X X 

P46 X                  
P47         X      X X X  
P48      X         X X   
P49      X X           X 

P50         X        X  
P52  X     X            
P53 X    X    X        X  
P54 X    X      X  X      
P55       X      X X    X 

P56 X  X  X          X X   
P57  X     X            
P59 X        X     X   X  
P60 X  X               X 

P61         X        X  
P63      X X  X        X X 

P64     X  X            
P66               X X   
P67         X    X    X  
P68     X  X           X 

P69 X            X X    X 

P70 X  X                
P71 X                  
P72      X X           X 

P74               X X   
P75   X X               
P76 X   X   X  X        X X 

P77 X                 X 

P79       X           X 

P80      X X           X 

P81 X  X               X 
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Table 3-S5. Sustainable Targets for SDGs 8, 9, 16, and 17 
Id Sustainable Target Id Sustainable Target 

8.1 Per capita economic growth 16.7 Participatory decision-making 

8.2 Economic productivity 16.8 Developing countries in global governance 

8.3 Development-oriented policies 16.9 Legal identity for all 

8.4 Efficiency in consumption and production 16.10 Public access to information 

8.5 Full employment 16.a Building capacity at all levels 

8.6 Youth education and training 16.b Non-discriminatory laws 

8.7 Eradicate forced labor 17.1 Tax and revenue collection 

8.8 Labor rights 17.2 
Developed countries’ assistance to developing 

countries 

8.9 Sustainable tourism 17.3 Financial resources for developing countries 

8.10 Access to banking 17.4 Debt financing for developing countries 

8.a Trade support for developing countries 17.5 Developing countries' investment promotion 

8.b Youth employment 17.6 Science, technology, and innovation access 

9.1 Resilient infrastructure 17.7 
Environmentally technologies for developing 

countries 

9.2 Sustainable industrialization 17.8 Technology bank for developing countries 

9.3 Access of small-scale enterprises to credit 17.9 Capacity-building in developing countries 

9.4 Upgrade infrastructure 17.10 Multilateral trading system 

9.5 Technological capabilities of industrial sector 17.11 Increase the exports of developing countries 

9.a Developing countries’ resilient infrastructure 17.12 Developing countries’ free market access 

9.b Developing countries' technology development 17.13 Global macroeconomic stability 

9.c Developing countries' universal internet access 17.14 Policy coherence for sustainable development 

16.1 Reduce violence 17.15 Policies for poverty eradication 

16.2 End exploitation of children 17.16 Multi-stakeholder partnerships 

16.3 Access to justice for all 17.17 Public, public-private, and civil society partnerships 

16.4 Combat all forms of organized crime 17.18 Capacity-building to increase data availability 

16.5 Reduce corruption and bribery 17.19 Sustainable development new measures 

16.6 Accountable institutions   
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Table 3-S6. Definition of the Top 20 PPP Thematic Keywords 

ID Keyword Sustainable Targets Example Reference 

P12 Concession 

Infrastructure build-operate-transfer contract where the 

private sector design, build, and operate an infrastructure 

project during a specific concession period. 

(Carpintero & Gomez-

Ibañez, 2011; Debande, 

2002; Kwak, 2002)  

P25 
Developing 

countries 

A country with a lower human development index and less 

developed industrial production in comparison to other 

countries. 

(Babatunde et al., 2015; 

Estache et al., 2015; 

Rwelamila et al., 2015)  

P32 Franchising 

A variant of concessions, also known as “affermage”, that 

does not involve the construction of the infrastructure but 

only the operation and maintenance (i.e., service concession).  

(Engel et al., 2001)  

P34 Governance 

Comprehends two main mechanisms: relational and 

contractual. The former is focused on an informal and self-

enforcing mechanism based on shared norms and social 

relations for mitigating risks. The latter is focused on formal 

contracts to prevent opportunism. 

(Hueskes et al., 2017; 

Koppenjan & Enserink, 

2009; Rwelamila et al., 

2015)  

P35 
Public sector 

management 

Comprehends the establishment of the PPP legal framework, 

the selection of the concessionaire, and the regulation of the 

facility’s construction and operation. 

(Akbiyikli et al., 2012; 

Andon, 2016; Hwang et al., 

2013)  

P39 PPP scheme 

In contrast with franchising, the PPP scheme is a “works 

concession” that integrates, at least, the detailed design, 

construction, and operations of the facility. 

(Debande, 2002)  

P40 
Learning 

process 

A goal-oriented process consists of the acquisition not only of 

new skills and knowledge but also new values and behaviors. 
(Tserng et al., 2012)  

P41 Legitimacy 

Is a generalized assumption or perception that the actions of 

an entity are appropriate, proper, or desirable based on a 

socially constructed system of definitions, beliefs, and values. 

(Kort & Klijn, 2013)  

P42 
Multidimension

al impacts 

Impacts that affect more than the economic/financial 

outcomes integrating at least one additional dimension (e.g., 

social, environmental). 

(X. Zhang, 2005b)  

P43 
Project 

constraints 

Project restrictions regarding multiple factors such as private 

financing, public subsidies, government regulations, service-

fee tariffs, and lenders’ requirements, among others. 

(J. Xu & Moon, 2014)  

P45 
Non-financial 

determinants 

Drivers of PPP success not related to the private financial 

factors, such as the legal, political, and macroeconomic 

relations between stakeholders. 

(Mota & Moreira, 2015)  

P47 
Organizational 

attributes 

Features of the public sector organizational structures for 

PPPs such as the project board, project teams, PPP units, and 

external advisers. 

(Roehrich & Caldwell, 

2012; Yun et al., 2015)  

P53 Policy 

A legal framework that enables the PPP programs to allow 

contract standardization, including not only the PPP laws but 

also procurement, employment, taxation, and environmental 

laws. 

(Cruz & Marques, 2012; 

Rashedi & Hegazy, 2016; 

Reeves, 2015)  

P54 
Port 

infrastructure 

Seaport facilities serve logistics business, supply chain, and 

shipping allowing intermodal and international freight 

transportation. 

(Cruz & Marques, 2012) 

P56 
PPP 

implementation 

Comprehends the coordination and communications required 

after the procurement phase conducted throughout the 

construction, and operation phases.  

(Debande, 2002; Garvin, 

2010; Kwak et al., 2009)  

P59 
Procurement-

related factors 

Entails all the processes previous to the construction phase 

including the procurement procedure (i.e., open, selective, or 

limited) and the bidding process. 

(Hueskes et al., 2017) 

P63 Quality 

Control reviews to ensure that the outputs of the PPP facility 

and its service levels are aligned with the standards 

established in the procurement. 

(Y. Zhang et al., 2018) 

P72 Smart city 

A technologically modern city that collects, processes, and 

analyzes data from assets, buildings, devices, and persons to 

monitor and control community services, healthcare facilities, 

(Dupont et al., 2015)  



227 

 

education services, crime detection, water supply, electric 

generation & distribution, and transportation systems. 

P76 Sustainability 

All the efforts directed toward satisfying the present 

generation’s requirements without undermining future 

generations to meet their social, environmental, and 

economic requirements.  

(Akbiyikli et al., 2012; 

Dupont et al., 2015; 

Hueskes et al., 2017)  

P80 
Urban 

infrastructure 

Facilities focused on proving services for cities such as 

information communications technology, transport, energy, 

heating, waste management, water treatment, sanitation, and 

water supply. 

(Koppenjan & Enserink, 

2009; Mahalingam, 2010; 

Sclar, 2015)  
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Figure 3-S1. Relationships between PPP Thematic Keywords and SDGs 
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Figure 3-S2. PPP Thematic Keywords related to the Sustainable Targets within SDGs 8, 9, 16, and 17 
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APPENDIX B: SUPPLEMENTAL MATERIAL TO CHAPTER 4 

 

Contents:  

Section 4-1: Papers considered for the causal loop diagram 

Section 4-2: SD models analyzed in the PPP literature 

Section 4-3: Data - Time Series  

Section 4-4: Data - Parameters  

Section 4-5: Model Formulation  

Section 4-6: Sensitivity Analysis 
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Section 4-1. Papers considered for the causal loop diagram 

Table 4-S1 provides a summary of papers considered for the relationships in the Causal Loop 

Diagram and the formulation of the Stocks & Flows diagram. 

The causal links that constitute the causal loop diagram presented are based on the systematic 

literature review of the 40 papers described in the Methodology section. Fig. 4-S1 shows the 

code of the papers supporting each link. The 40 papers considered include case studies, 

literature reviews, and expert interviews as shown in Table 4-S1. 

Figure 4-S1. Papers supporting causal links. Paper IDs are given in brackets 
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Table 4-S1. Reviewed papers for the causal loop diagram 

ID Reference  Journal Case Studies/Data Source 

1 
(Abdel-Aziz & Russell, 

2001) 

 Canadian Journal of 

Civil Engineering 

Canada: Highway 104, Northumberland 

Bridge; US: SR-91; UK: Channel Tunnel, 

Second Seven Bridge 

2 
 (Schaufelberger and 

Wipadapisut 2003) 

 Journal of Construction 

Engineering and 

Management 

Canada: 407 Highway, US: DG; 

Malaysia: North-South Highway; Hong 

Kong: CHT, Western Harbor Crossing 

3  (Guevara et al. 2020a) 
 Journal of Management 

in Engineering 

Analysis of 45 papers focused on 63 PPP 

case studies 

4  (Zhang 2005) 
 Journal of Construction 

Eng. and Manag. 

Hong Kong: CHT; US: DG, SR-91 

5 
(Villalba-Romero et al., 

2015) 
 Transport Policy 

UK: M6; Spain: R2; Portugal: A23; 

Greece: Attica Road 

6 (Regan et al., 2017) 
 Case Studies on 

Transport Policy 

Australia: Melbourne Eastlink, 

Melbourne Peninsula Link, Brisbane 

Airport Link, Brisbane Clem 7, Sydney 

Lane Cove, Sydney North Connex 

7  (Fitch et al. 2018) 
 Journal of Infrastructure 

Systems 

US: Massachusetts Cape Cod Canal Third 

Crossing 

8  (Verweij 2015) 
 International Journal of 

Project Management 

Netherlands: A15 

9  (Abdel Aziz 2007) 

 Journal of Construction 

Engineering and 

Management 

Canada: Kicking Horse Canyon; SSH; 

UK: Second Severn Bridge, Channel 

Tunnel 

10 
 (Pagoni and Georgiadis 

2020) 

 Systems Research and 

Behavioral Science 

Analysis of 15 papers focused on SD 

models on risk, financing, performance, 

demand forecast, procurement, and public 

policy in PPPs 

11  (Debande 2002) 
 Journal of Transport 

Economics and Policy 

UK: Skye Bridge Project, A1(M), A1-

M1, A419/A417 

12 
(Ortiz & Buxbaum, 

2008) 

 Public Works 

Management & Policy 

US: Chicago Skyway, ITR, Texas’ SH-

120, SH-130 

13  (Ansari, 2019) 

 Journal of Construction 

Engineering and 

Management 

Iran: Gas South Pars project  

14  (Carpintero 2010) Transport Reviews Hungary: M1/M5; Poland: A1, A2 

15  (Chung et al., 2010) 

 Research in 

Transportation 

Economics 

Australia: Eastern Distributor, CCT, M4, 

M5 

16  (Xu et al. 2012) 
 International Journal of 

Project Management 

China: Nanjing cross-river Tunnel 

Project 

17  (Regan et al. 2011) 

 Journal of Construction 

Engineering and 

Management 

Australia: Sydney Harbour Tunnel, City 

Link, Hills Motorway 

18  (Bunch, 2012) 
 Public Budgeting & 

Finance 

US: Texas’ SH-121, TTC 

19 
 (Iseki & Houtman., 

2012) 

 Research in 

Transportation 

Economics 

Canada: GEB; US: Texas’ SH-130, TTC 

20  (Daito et al., 2013)  Transport Policy US: Interstate 495 

21 
(Pagoni & Patroklos, 

2019) 

 Simulation Modelling 

Practice and Theory 

UK: Private Finance Initiative data 
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22 
 (A. Park & Chang., 

2013) 

 Construction 

Management and 

Economics 

UK: Channel Tunnel 

23 
(Soomro & Zhang., 

2015) 

 Journal of Management 

in Engineering 

Bulgaria: Trakia Motorway; Czech 

Republic: D5, D47; Hungary: M7, M9 

24 (Song et al., 2015) 

 Journal of Construction 

Engineering and 

Management 

China: Daliana Waste-To-Energy 

incineration project 

25  (Ho et al. 2015) 
 Journal of Management 

in Engineering 

UK: Channel Tunnel 

26 
 (Chen and Hubbard 

2012) 
 Policy and Society 

China: Jinlong Road 

27  (Guevara et al. 2017) 
 Journal of Management 

in Engineering 

US: Highway corridors with the highest 

annual average daily traffic across the US 

28  (Zhang et al. 2018) 
 Journal of Management 

in Engineering 

China: Highway PPP in the Gansu 

Province 

29  (Macário et al. 2015)  Transport Reviews Portugal: A22 

30 (Garvin & Bosso, 2008) 
 Public Works 

Management & Policy 

US: SR-91, DG. Pocahontas Parkway 

31 
(Paez-perez & Sanchez-

silva, 2016) 

European Journal of 

Operational Research 

Theoretical hybrid agent-based model 

32 (Ruiz & Guevara, 2020b) Sustainability Chile: Road network data 

33 
(Alasad and Motawa 

2016) 

Construction 

Management and 

Economics 

UK: M6 toll road 

34 
(Rashedi and Hegazy 

2016b) 

Structure and 

Infrastructure 

Engineering 

Canada: Toronto District School Board 

School Buildings 

35 (Ullah et al., 2018) 

J. of Legal Affairs & 

Dispute Resolution in 

Eng. & Const. 

Pakistan: Flyover/rail-bridge Habibabad, 

Lahore to Faislabad Road, Islamabad to 

Lahore Motorway, Lahore to Siakolt 

Motorway, Karachi to Hyderabad Dinsh 

Motorway  

36  (Khanzadi et al. 2012) 
Automation in 

Construction 

Iran: One highway PPP project 

37 (Reis & Sarmento, 2017) Transportation 

Portugal: Costa da Prata, Grande Porto, 

Beira Litoral e alta, Grande Lisboa, 

Norte, Algarve, Norte Litoral, Interior 

Norte, Beira Interior 

38 (Demirag et al., 2015) Accounting Forum 

Interviews with 43 academics, 

consultants, and debt and equity 

financers related to the UK PFI program. 

39 
(Damnjanovic et al., 

2016) 

The Journal of 

Structured Finance 

SD model tested in a hypothetical road 

project. 

40 (Ford et al., 2015) 
Theory and Practice of 

Policy Inform. 

Theoretical SD model 

 



234 

 

Section 4-2. SD models analyzed in the PPP literature  

Table 4-S2 provides a summary of SD models analyzed previous to the development of the 

simulation model.  

Table 4-S2 shows the code of the papers, the authors, year of publication, and journal. 

Additionally, a brief summary of the scope of each SD model is present along with the most 

relevant comments referring to the limitations respecting the goal of this study. 

Table 4-S2. SD models analyzed in the PPP literature 

I

D 

Referen

ce  
Journal Scope Comments/Limitations 

1 

 (Pagoni 

and 

Georgiadi

s 2019) 

 Systems 

Research and 

Behavioral 

Science 

SD model for the 

assessment of 

PPP programs 

This model is focused on the pipeline of 

multiple PPP projects required in a national 

PPP program. Consequently, this model 

does not analyze specific conditions within 

a PPP project but only the amount of PPP 

projects required for a PPP program. 

2 

 (Guevara 

et al. 

2017) 

 Journal of 

Management in 

Engineering 

SD model for 

explaining 

rehabilitation and 

maintenance 

expenditures with 

deterioration and 

aging processes 

The model did not consider the financing 

perspective because this unit of analysis is 

beyond a single PPP project. This model is 

focused on the perspective of a national 

PPP program rather than a project 

perspective. Consequently, this model does 

not analyze specific conditions within a 

PPP project but only the investment 

required for a PPP program. 

3 

(Alasad 

and 

Motawa 

2016) 

Construction 

Management and 

Economics 

Demand risk 

assessment for 

toll road projects 

The model requires comprehensive 

information not available for most of the 

projects in exogenous variables such as 

“induced traffic rate”, “morning peak 

period traffic”, “weekday expansion factor 

growth rate”, “congestion threshold”, 

“effect of historical experience of paying”, 

and “effect of public involvement.” 

4 

 (Khanzad

i et al. 

2012) 

Automation in 

Construction 

SD model to 

determine the 

concession period 

in PPP projects 

The model is focused on establishing the 

concession period in the feasibility stage of 

the project. The model requires 

comprehensive information not available in 

most of the projects in exogenous variables 

such as “governmental policies”, “design 

and construction quality”, “maintenance 

personnel’s faults”, “weather condition”, 

and “number of accidents”, among others.  

5 
 (Xu et al. 

2012) 

 International 

Journal of 

Project 

Management 

SD model to 

determine the 

concession price 

in PPP programs 

The model determines the concession 

pricing in the feasibility stage but it does 

not consider the endogenous mechanisms 

that explain the risks. 
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6 

(Páez-

Pérez and 

Sánchez-

Silva 

2016) 

European 

Journal of 

Operational 

Research 

A theoretical 

hybrid agent-

based model for 

assessing 

infrastructure’s 

performance 

The model is significantly focused on the 

behavior of the physical system over time 

but did not consider uncertainty in the 

financing conditions. 

7 

 (Guevara 

et al. 

2020) 

 Journal of 

Management in 

Engineering 

CLD of 

governance 

interdependencies  

This is a qualitative (rather than 

quantitative) SD model exclusively focused 

on the shaping phase 

8 
(Fitch et 

al., 2018) 

 Journal of 

Infrastructure 

Systems 

SD model for the 

feasibility of PPP 

projects 

There are no feedback loops for 

endogenously explaining uncertainty or 

risks 

9 

(Rashedi 

and 

Hegazy 

2016b) 

Structure and 

Infrastructure 

Engineering 

SD model for 

explaining 

rehabilitation and 

maintenance 

expenditures for a 

project 

The model did not consider the financing 

perspective. There are only two feedback 

loops in the model associated with the asset 

deterioration and the renewal actions. 

There is no consideration of specific risks 

in the model. 

1

0 

 (Song et 

al. 2015) 

 Journal of 

Construction 

Engineering and 

Management 

SD model for 

determining the 

concession period 

and subsidies 

There are no feedback loops for 

endogenously explaining uncertainty or 

risks 

1

1 

(Boateng 

et al. 

2012) 

Organization, 

Technology & 

Management in 

Construction: An 

International 

Journal 

System dynamics 

causal loop model 

on risk 

description in the 

construction 

phase of 

megaprojects 

This a qualitative (rather than quantitative) 

SD model exclusively focused on the 

construction phase 

1

2 

 (Zhang et 

al. 2018) 

 Journal of 

Management in 

Engineering 

SD model for the 

concession period 

based on 

pavement-

maintenance 

The model is focused on the pavement-

maintenance effects on the concession 

period. Consequently, the model is 

restricted to the operation phase 

implications. 

1

3 

(Ruiz & 

Guevara, 

2020a) 

 Journal of 

Management in 

Engineering 

SD model for 

explaining the 

expenditures and 

environmental 

impacts 

associated with 

road development 

The model did not consider the financing 

perspective because this unit of analysis is 

beyond a single PPP project. This model is 

focused on the perspective of a national 

PPP program rather than a project 

perspective. Consequently, this model does 

not analyze specific conditions within a 

PPP project but only the investment 

required for a PPP program. 

1

4 

 (Ansari 

2019) 

 Journal of 

Construction 

Engineering and 

Management 

SD model for 

project change 

management 

The SD model is restricted to analyzing the 

change management during the 

construction phase rather than uncertainty 

derived from financing or operation costs 

and conditions. 

1

5 

(Ullah et 

al. 2018) 

J. of Legal 

Affairs & Dispute 

Resolution in 

Eng. & Const. 

SD model for 

calculating the 

concession period 

There are no feedback loops for 

endogenously explaining uncertainty or 

risks. 
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Section 4-3. Data – Time Series 

Table 4-S3 provides a summary of the time series used in this study.  

Table 4-S3. Summary of the main time series used in the model 

Project Variable Values Source 

Project 
2 

Debt End of Period (1st Tranche) Figure S1 Source: 
https://ppiaf.org/sites/ppiaf.org/f
iles/documents/toolkits/highways
toolkit/6/financial_models/Graphi
cal_model_Operis_v3.xls 

Debt End of Period (2nd Tranche) Figure S1 

Debt End of Period (3rd Tranche) Figure S1 

Debt End of Period (TOTAL) Figure S1 

Equity Flow    

Project 
1 

Opening Debt Figure S2 Source: 
https://www.hbs.edu/faculty/Pag
es/item.aspx?num=47660 Equity Flow Figure S2 
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Debt and Equity Project 2 

1. Debt End of Period 
Unit: kUSD 
Description: The total debt provided to Project 2 is split into three tranches. Each 
tranche has its own maturity and interest rate.  
Values: Fig. S2 
Source: 
https://ppiaf.org/sites/ppiaf.org/files/documents/toolkits/highwaystoolkit/6/financi
al_models/Graphical_model_Operis_v3.xls 
 

2. Equity Flow  
Unit: kUSD 
Description: Equity is provided by the Sponsors, as a percentage of construction 
costs. The equity is provided by the shareholders of the Concession Company. 
Negative values represent disbursement of equity and positive values represent 
reimbursement of equity. 
Values: Fig. S2 
Source: 
https://ppiaf.org/sites/ppiaf.org/files/documents/toolkits/highwaystoolkit/6/financi
al_models/Graphical_model_Operis_v3.xls 

Debt and Equity Project 1 

1. Debt End of Period 
Unit: kUSD 
Description: The total debt provided to Project 1 is based on one single tranche with 
its own maturity and interest rate.  
Values: Fig. S1 
Source: https://www.hbs.edu/faculty/Pages/item.aspx?num=47660 
 

2. Equity Flow  
Unit: kUSD 
Description: Equity is provided by the Sponsors, as a percentage of construction 
costs. The equity is provided by the shareholders of the Concession Company. 
Negative values represent disbursement of equity and positive values represent 
reimbursement of equity. 
Values: Fig. S1 
Source: https://www.hbs.edu/faculty/Pages/item.aspx?num=47660 

 

https://ppiaf.org/sites/ppiaf.org/files/documents/toolkits/highwaystoolkit/6/financial_models/Graphical_model_Operis_v3.xls
https://ppiaf.org/sites/ppiaf.org/files/documents/toolkits/highwaystoolkit/6/financial_models/Graphical_model_Operis_v3.xls
https://ppiaf.org/sites/ppiaf.org/files/documents/toolkits/highwaystoolkit/6/financial_models/Graphical_model_Operis_v3.xls
https://ppiaf.org/sites/ppiaf.org/files/documents/toolkits/highwaystoolkit/6/financial_models/Graphical_model_Operis_v3.xls
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Figure 4-S3. Yearly Debt and Equity Flow Project 2 
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Section 4-4. Data – Parameters 

Table 4-S4. Model parameters 

Parameters 
Values 
Project 2** Units Comments 

% 1st Tranche Debt 80 Units: Dmnl 
Allocation of the funding as a 
percentage of the total debt 

% 2nd Tranche Debt 10 Units: Dmnl 
Allocation of the funding as a 
percentage of the total debt 

% Equity 10 Units: Dmnl 
Percentage of construction costs 
within the Financial Structure 

% Investment Subsidies 0 Units: Dmnl Financial Structure 

Amortization Period 46 Units: Year Financial Structure of the Depreciation 

Concession Life 50 Units: Year 
Data related to technical and financial 
project characteristics 

Concessionaire Costs 2000 Units: kUSD/Year 

Costs of the concession company 
throughout concession (including 
construction period).Recurrent Costs 
related to technical and financial 
project characteristics. These annual 
costs cover all the expenses (linked to 
the management of the concession) of 
the concessionaire over the entire 
concession period from the beginning 
of the construction to the end of the 
concession. 

Construction Cost per km 5500 Units: kUSD/Km 
Data related to technical and financial 
project characteristics 

Construction Period 4 Year 

Data related to technical and financial 
project characteristics. From 1 to 5 
Years 

Construction Progress Year 1 10 Units: 1/Year 

Percentage of the CAPEX invested in 
Year 1. Data related to technical and 
financial project characteristics 

Construction Progress Year 2 30 Units: 1/Year 

Percentage of the CAPEX invested in 
Year 2. Data related to technical and 
financial project characteristics 

Construction Progress Year 3 50 Units: 1/Year 

Percentage of the CAPEX invested in 
Year 3. Data related to technical and 
financial project characteristics 

Construction Progress Year 4 10 Units: 1/Year 

Percentage of the CAPEX invested in 
Year 4. Data related to technical and 
financial project characteristics 

Construction Progress Year 5 0 Units: 1/Year 

Percentage of the CAPEX invested in 
Year 5. Data related to technical and 
financial project characteristics 

Corporate tax rate 30 Units: Dmnl 

Data related to the country-specific 
data (eg economic and fiscal data). 
Corporate tax (profit tax) is paid one 
year in arrears. The amount of tax is 
calculated by taking whichever sum is 
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the smaller between (i) the gross 
profit of the year N and (ii) the 
cumulated gross profit of the year N. 
The corporate tax amount is paid in 
year N+1. 

Fees (% Debt) 1.5 Units: Dmnl Fees as a percentage of the debt 

Grace Period 1st Tranche 5 Units: Year 

The grace period is the period during 
which repayment of the principal is 
deferred; it runs from the start of 
construction. The grace period is 
adjusted according to the duration of 
works (construction period) and is 
greater or equal to the duration of 
works 

Grace Period 2nd Tranche 6 Units: Year 

The grace period is the period during 
which repayment of the principal is 
deferred; it runs from the start of 
construction. The grace period is 
adjusted according to the duration of 
works (construction period) and is 
greater or equal to the duration of 
works 

Grace Period 3rd Tranche 6 Units: Year 

The grace period is the period during 
which repayment of the principal is 
deferred; it runs from the start of 
construction. The grace period is 
adjusted according to the duration of 
works (construction period) and is 
greater or equal to the duration of 
works 

Highway Heavy Maintenance 17 Units: Dmnl 

% of Construction Costs as a Recurrent 
Cost at every intervention related to 
technical and financial project 
characteristics. These periodic 
maintenance works are performed 
every n years but they are considered 
annual costs in the financial 
statements (annual cost = 1/n of cost). 
The heavy or periodic road 
maintenance is performed every ‘n’ 
(according to the project) years. The 
amount is a percentage of the 
construction cost. 

Highway Heavy Maintenance 
Period 8 Units: Year 

These periodic maintenance works are 
performed every 8 years but they are 
considered annual costs in the 
financial statements (annual cost = 
1/8 of cost) 

Highway Length 125 Units: Km 
Data related to technical and financial 
project characteristics 
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Inflation Rate 2 Units: 1/Year 
Data related to the country-specific 
data (eg economic and fiscal data) 

Interest Rate 1st Tranche 4 Units: 1/Year Financial Structure of the Debt. 

Interest Rate 2nd Tranche 4.5 Units: 1/Year Financial Structure of the Debt. 

Interest Rate 3rd Tranche 5 Units: 1/Year Financial Structure of the Debt. 

Light Maintenance 0.25 Units: 1/Year 

% of Construction Costs per Year as a 
yearly recurrent Cost related to 
technical and financial project 
characteristics. This annual 
maintenance concerns the routine 
maintenance of the highway. The 
amount is a percentage of the 
construction cost. 

Op Costs per Year 6000 Units: kUSD/Year 

Recurrent Costs related to technical 
and financial project characteristics. 
These annual costs are linked to the 
operation and are incurred by the 
concessionaire during the operating 
period (after the construction period). 
They include personnel costs, 
administration costs, toll collection 
costs, etc. 

Traffic Growth 3 Units: Dmnl 

Data related to technical and financial 
project characteristics. It is considered 
a linear traffic growth. Baseline=3 

Variable Op Costs ADT[1-
10000] 0 Units: kUSD/k Vehicles 

Recurrent Costs related to technical 
and financial project characteristics 

Variable Op Costs 
ADT[10001-20000] 0.6 Units: kUSD/k Vehicles 

Recurrent Costs related to technical 
and financial project characteristics 

Variable Op Costs 
ADT[20001-30000] 0.3 Units: kUSD/k Vehicles 

Recurrent Costs related to technical 
and financial project characteristics 

Variable Op Costs 
ADT[30001-40000] 0.15 Units: kUSD/k Vehicles 

Recurrent Costs related to technical 
and financial project characteristics 

VAT rate 19.6 
Units: Dmnl 
 

Data related to the country-specific 
data (eg economic and fiscal data). 
This rate has a direct influence on the 
State’s expected revenue as the model 
assumes that the State’s revenue 
comes from VAT on each category of 
vehicle, as repaid by the concession 
company from the toll revenue. The 
model assumes that no road users can 
reclaim VAT on tolls. 

IDTC1 5 Units: k Vehicles/Year Initial Daily Traffic Category 1 

IDTC2 5 Units: k Vehicles/Year Initial Daily Traffic Category 2 

IDTC3 0 Units: k Vehicles/Year Initial Daily Traffic Category 3 

IDTC4 0 Units: k Vehicles/Year Initial Daily Traffic Category 4 

IDTC5 0 Units: k Vehicles/Year Initial Daily Traffic Category 5 

IDTC6 0 Units: k Vehicles/Year Initial Daily Traffic Category 6 

IDTC7 0 Units: k Vehicles/Year Initial Daily Traffic Category 7 
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IDTC8 0 Units: k Vehicles/Year Initial Daily Traffic Category 8 

IDTC9 0 Units: k Vehicles/Year Initial Daily Traffic Category 9 

IDTC10 0 Units: k Vehicles/Year Initial Daily Traffic Category 10 

IRR 0.162 Dmnl Equity’s Internal Rate of Return 

Repayment Period 1st 
Tranche 20 Units: Year Repayment Period 1st Tranche 

Repayment Period 2nd 
Tranche 15 Units: Year Repayment Period 2nd Tranche 

Repayment Period 3rd 
Tranche 10 Units: Year Repayment Period 3rd Tranche 

Semester= Units: Year 1 Semester= 1/2 Year Semester= 

Toll rate/km Category 1 0.13 
Units: kUSD/Km/k 
Vehicles Toll rate/km Category 1 

Toll rate/km Category 2 0.25 
Units: kUSD/Km/k 
Vehicles Toll rate/km Category 2 

Toll rate/km Category 3 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 3 

Toll rate/km Category 4 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 4 

Toll rate/km Category 5 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 5 

Toll rate/km Category 6 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 6 

Toll rate/km Category 7 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 7 

Toll rate/km Category 8 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 8 

Toll rate/km Category 9 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 9 

Toll rate/km Category 10 0 
Units: kUSD/Km/k 
Vehicles 

Toll rate/km Category 10 

Variation Initial CAPEX= 0 Units: Dmnl Baseline=0 

Variation Initial Daily Traffic= 0 Units: Dmnl Baseline Scenario=0 

Variation Initial OPEX (Fixed 
Part)= 0 Units: Dmnl Baseline=0 

Variation Interests Rate= 0 Units: 1/Year Baseline= 0 

Variation Repayment Period= 0 Units: Year Baseline= 0 

Variation Traffic Growth= 0 Units: Dmnl Baseline= 0 

Note: Sources: ** Project 2: 
https://ppiaf.org/sites/ppiaf.org/files/documents/toolkits/highwaystoolkit/6/financial_models/Grap
hical_model_Operis_v3.xls. 
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Section 4-5. Model Formulation 

We list the model formulation in the same format that appears in Vensim software (see the 

Vensim Table S5 shows the full set of equations for the simulated model. In any program, these 

equations can be used to build a model. Nevertheless, these are used primarily to build a model 

in the Vensim software. The model can therefore be developed using the Vensim DSS software 

(see the Vensim model, LCCA Model SVt.mdl, in the supplementary files) with the following 

equations. Unfortunately, Vensim PLE did not allow some functions required in this model.  

4-4.1 Simulation set-up 

1. INITIAL TIME= 0 

 Units: year 

2. FINAL TIME=26 (Project 1)  FINAL TIME=52 (Project 2) 

 Units: year 

3. TIME STEP=1 

 Units: year 

4. SAVEPER= TIME STEP  

 Units: year 

4-4.2 Model Formulations 

Table 4-S5. Complete set of model's equations and units 

 

Equation   Units Comments 
% 3rd Tranche 
Debt= 

100-"% 1st Tranche Debt"-"% 
2nd Tranche Debt" Units: Dmnl 

Allocation of the funding as a 
percentage of the total debt 

+Yearly Debt 
Service=  =-Yearly Debt Service 

Units: 
kUSD/Year   

1st Tranche 
drawdown w/o 
capitalised 
interest= 

% 1st Tranche Debt/100*"Total 
drawdown w/o capitalised 
interests" 

Units: 
kUSD/Year   

1st Tranche= 

MIN(Daily Traffic Category 
1+Daily Traffic Category 2, 
10000 ) 

Units: k 
Vehicles/Ye
ar   

2nd Tranche 
drawdown w/o 
capitalised 
interest= 

% 2nd Tranche Debt/100*"Total 
drawdown w/o capitalised 
interests" 

Units: 
kUSD/Year   

2nd Tranche= 

(MIN(MAX(Daily Traffic 
Category 1+Daily Traffic 
Category 2, 10 ), 20 ))-10 

Units: k 
Vehicles/Ye
ar   

3rd Tranche 
drawdown w/o 
capitalised 
interest= 

% 3rd Tranche Debt/100*"Total 
drawdown w/o capitalised 
interests" 

Units: 
kUSD/Year   

3rd Tranche= 

(MIN(MAX(Daily Traffic 
Category 1+Daily Traffic 
Category 2, 20 ), 30 ))-20 

Units: k 
Vehicles/Ye
ar   

4th Tranche= 

Daily Traffic Category 1+Daily 
Traffic Category 2-MIN( Daily 
Traffic Category 1+Daily Traffic 
Category 2 , 30 ) 

Units: k 
Vehicles/Ye
ar   
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ADSCR (Annual 
Debt Service 
Coverage Ratio)= 

IF THEN ELSE("+Yearly Debt 
Service">0, Cash Available for 
Debt Service/("+Yearly Debt 
Service") , 0 ) Units: Dmnl 

The ADSCR is a result/output of the 
model because it is no longer an 
adjustment variable used to calculate 
the amount of subsidies required for 
the Project to be viable. In this mode, 
subsidies are fixed. 

Benefits= 

IF THEN ELSE(Time<=Concession 
Life, ("Revenues (Nominal 
Terms, VAT Excluded"-"Yearly 
Subsidies (Nominal)"+"Total 
drawdown w/o capitalised 
interests")/(1+IRR)^(Time/(2*Se
mester))+Need for Public 
Subsidies increase, ("Revenues 
(Nominal Terms, VAT Excluded"-
"Yearly Subsidies 
(Nominal)"+"Total drawdown 
w/o capitalised 
interests")/(1+IRR)^(Time/(2*Se
mester)) ) 

Units: 
kUSD/Year   

CAPEX= 

IF THEN ELSE(Time<=Concession 
Life, ("Yearly Construction Costs 
(Nominal)")/(1+IRR)^(Time/(2*S
emester))-Need for CAPEX 
reduction 
 , ("Yearly Construction Costs 
(Nominal)")/(1+IRR)^(Time/(2*S
emester))) 

Units: 
kUSD/Year   

Capitalised Interest 
1st Tranche= 

IF THEN 
ELSE(Time>Construction Period, 
0 , (Debt 1st Tranche Beginning 
of the Period+"1st Tranche 
drawdown w/o capitalised 
interest"*Semester)*"Interests 
Rate 1st Tranche inc. 
Variation"/100 ) 

Units: 
kUSD/Year 

Capitalized interests during the 
construction period are calculated 
mid-year. 

Capitalised Interest 
2nd Tranche= 

IF THEN 
ELSE(Time>Construction Period, 
0 , (Debt 2nd Tranche Beginning 
of the Period+"2nd Tranche 
drawdown w/o capitalised 
interest"*Semester)*"Interests 
Rate 2nd Tranche inc. 
Variation"/100) 

Units: 
kUSD/Year 

Capitalized interests during the 
construction period are calculated 
mid-year. 

Capitalised Interest 
3rd Tranche= 

IF THEN 
ELSE(Time>Construction Period, 
0 , (Debt 3rd Tranche Beginning 
of the Period+"3rd Tranche 
drawdown w/o capitalised 
interest"*Semester)*"Interests 

Units: 
kUSD/Year 

Capitalized interests during the 
construction period are calculated 
mid-year. 
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Rate 3rd Tranche inc. 
Variation"/100) 

Cash Available for 
Debt Service= 

IF THEN 
ELSE(Time>Construction Period, 
Cash Flow before 
Financing+"Operating Cash 
Flows before financing w/o 
interests of debt and subsidies", 
0 ) 

Units: 
kUSD/Year   

Cash Flow before 
Financing= 

Revenues (Nominal Terms, VAT 
Excluded-"Operation Costs 
(Fixed+Variable)"-
(DELAY1("Yearly taxes 
(Nominal)",(2*Semester))) 

Units: 
kUSD/Year kUSD 

Construction Cost= 

Construction Cost per 
km*Highway 
Lenght*(100+Variation Initial 
CAPEX)/100 Units: kUSD 

The construction costs are calculated 
from the Length of the highway and 
the Construction cost per km. The 
construction costs specified are costs 
in the project study year and exclude 
VAT. The impact of inflation on 
construction costs is taken into 
consideration during the period of 
construction ("Construction costs in 
nominal terms"). 

Corporate tax w/o 
interests= 

(DELAY1("Profit before tax w/o 
interests"*(Corporate tax 
rate)/100, (2*Semester) )) 

Units: 
kUSD/Year kUSD 

Daily Traffic 
Category 1= 

IF THEN ELSE(Time>Concession 
Life, 0, IF THEN 
ELSE(Time>Construction Period, 
Initial Daily Traffic Category 
1*(1+"Traffic Growth inc. 
Variation"/100)^((Time-
Construction Period-
1)/(2*Semester)) , 0 )) 

Units: k 
Vehicles/Ye
ar   

Daily Traffic 
Category 2= 

IF THEN ELSE(Time>Concession 
Life, 0, IF THEN 
ELSE(Time>Construction Period, 
Initial Daily Traffic Category 
2*(1+"Traffic Growth inc. 
Variation"/100)^((Time-
Construction Period-
1)/(2*Semester)) , 0 )) 

Units: k 
Vehicles/Ye
ar   

Debt 1st Tranche 
Beginning of the 
Period=  

INTEG ("1st Tranche drawdown 
w/o capitalised 
interest"+Capitalised Interest 
1st Tranche+Interests after 
construction period 1st 
Tranche-Interests Paid 1st 
Tranche-Principal Repayment 
1st Tranche) Units: kUSD 

The total debt provided to the Project 
is split into three tranches. Each 
tranche has its own maturity and 
interest rate. The user can specify the 
allocation of each tranche in the total 
debt provided to the Project by 
entering the respective percentages. A 
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tranche whose allocation is equal to 
0% will not be drawn. 

Debt 2nd Tranche 
Beginning of the 
Period=  

INTEG ("2nd Tranche drawdown 
w/o capitalised 
interest"+Capitalised Interest 
2nd Tranche+Interests after 
construction period 2nd 
Tranche-Interests Paid 2nd 
Tranche-Principal Repayment 
2nd Tranche) Units: kUSD 

The total debt provided to the Project 
is split into three tranches. Each 
tranche has its own maturity and 
interest rate. The user can specify the 
allocation of each tranche in the total 
debt provided to the Project by 
entering the respective percentages. A 
tranche whose allocation is equal to 
0% will not be drawn. 

Debt 3rd Tranche 
Beginning of the 
Period=  

INTEG ("3rd Tranche drawdown 
w/o capitalised 
interest"+Capitalised Interest 
3rd Tranche+Interests after 
construction period 3rd 
Tranche-Interests Paid 3rd 
Tranche-Principal Repayment 
3rd Tranche) Units: kUSD 

The total debt provided to the Project 
is split into three tranches. Each 
tranche has its own maturity and 
interest rate. The user can specify the 
allocation of each tranche in the total 
debt provided to the Project by 
entering the respective percentages. A 
tranche whose allocation is equal to 
0% will not be drawn. 

Depreciation= 

IF THEN 
ELSE(Time>Construction Period, 
IF THEN 
ELSE(Time>Construction 
Period+Amortization Period, 0 , 
Max Net Assets/Amortization 
Period) , 0 ) 

Units: 
kUSD/Year 

Project assets (i.e. construction costs), 
as well as capitalized interest during 
the construction period for the three 
tranches of debt, are depreciated over 
the operating period. This model 
assumes Linear depreciation, which 
means that The total amount of assets 
and capitalized interests at the end of 
the construction period is depreciated 
annually by the same amount until the 
end of the concession period. 

Depreciation w/o 
Interests of debts= 

IF THEN 
ELSE(Time>Construction Period, 
IF THEN 
ELSE(Time>Construction 
Period+Amortization Period, 0 , 
"Max Net Assets w/o Interests 
& Subsidies"/Amortization 
Period) , 0 ) 

Units: 
kUSD/Year   

Equity 
Discrepancy= 

IF THEN ELSE(Time>Concession 
Life, IF THEN ELSE(Free Cash 
Flow to Equity<0, -Free Cash 
Flow to Equity/(2*Semester) , 0 
) , 0 ) 

Units: 
kUSD/Year 

Equity Discrepancy at the end of the 
Concession Period. Positive values 
indicate the amount of the deficit that 
needs to be compensated during the 
life cycle in order to maintain the 
intended IRR 



247 

 

Fees= 

IF THEN 
ELSE(Time>Construction Period, 
0 , "Fees (% 
Debt)"/100*("Yearly 
Construction Costs 
(Nominal)"+Concessionaire 
Costs*(1+Inflation 
Rate*2*Semester/100)^(Time/(
2*Semester))+Yearly Equity-
"Yearly Subsidies (Nominal)") ) 

Units: 
kUSD/Year 

The debt fees correspond to a 
percentage of debt amounts and 
correspond to the loan management 
costs. 

Fees & Structure 
Costs= 

IF THEN 
ELSE(Time>Construction Period, 
0 , Concessionaire 
Costs*(1+Inflation 
Rate*2*Semester/100)^(Time/(
2*Semester))+Fees ) 

Units: 
kUSD/Year   

Financial Costs & 
Taxes= 

(Principal Repayment 1st 
Tranche+Principal Repayment 
2nd Tranche+Principal 
Repayment 3rd 
Tranche+Interests Paid 1st 
Tranche+Interests Paid 2nd 
Tranche+Interests Paid 3rd 
Tranche+IF THEN 
ELSE(("Revenues (Nominal 
Terms, VAT Excluded"-
"Operation Costs 
(Fixed+Variable)"-Interests Paid 
1st Tranche-Interests Paid 2nd 
Tranche-Interests Paid 3rd 
Tranche-Depreciation)>0, 
("Revenues (Nominal Terms, 
VAT Excluded"-"Operation Costs 
(Fixed+Variable)"-Interests Paid 
1st Tranche-Interests Paid 2nd 
Tranche-Interests Paid 3rd 
Tranche-
Depreciation)*Corporate tax 
rate/100 , 0 
))/(1+IRR)^(Time/(2*Semester)) 

Units: 
kUSD/Year   

Free Cash Flow to 
Equity=  

INTEG (Benefits-"Financial Costs 
& Taxes"-CAPEX-OPEX,0) Units: kUSD   

Initial Daily Traffic 
Category 1= 

IDTC1*(100+Variation Initial 
Daily Traffic)/100 

Units: k 
Vehicles/Ye
ar 

Data related to technical and financial 
project characteristics 

Initial Daily Traffic 
Category 2= 

IDTC2*(100+Variation Initial 
Daily Traffic)/100 

Units: k 
Vehicles/Ye
ar 

Data related to technical and financial 
project characteristics 

Interests after 
construction period 
1st Tranche= 

IF THEN 
ELSE(Time>Construction Period, 
IF THEN ELSE(Time>"Repayment 

Units: 
kUSD/Year   
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Period 1st Tr. inc. Variation", 0 , 
Debt 1st Tranche Beginning of 
the Period*"Interests Rate 1st 
Tranche inc. Variation"/100) , 0) 

Interests after 
construction period 
2nd Tranche= 

IF THEN 
ELSE(Time>Construction Period, 
IF THEN ELSE(Time>"Repayment 
Period 2nd Tr. inc. Variation", 0 
, Debt 2nd Tranche Beginning of 
the Period*"Interests Rate 2nd 
Tranche inc. Variation"/100) , 0) 

Units: 
kUSD/Year   

Interests after 
construction period 
3rd Tranche= 

IF THEN 
ELSE(Time>Construction Period, 
IF THEN ELSE(Time>"Repayment 
Period 3rd Tr. inc. Variation", 0 , 
Debt 3rd Tranche Beginning of 
the Period*"Interests Rate 3rd 
Tranche inc. Variation"/100) , 0) 

Units: 
kUSD/Year   

Interests Paid 1st 
Tranche= 

Interests after construction 
period 1st Tranche 

Units: 
kUSD/Year   

Interests Paid 2nd 
Tranche= 

Interests after construction 
period 2nd Tranche 

Units: 
kUSD/Year   

Interests Paid 3rd 
Tranche= 

Interests after construction 
period 3rd Tranche 

Units: 
kUSD/Year   

Interests Rate 1st 
Tranche inc. 
Variation= 

Interest Rate 1st 
Tranche+Variation Interests 
Rate 

Units: 
1/Year Financial Structure of the Debt. 

Interests Rate 2nd 
Tranche inc. 
Variation= 

Interest Rate 2nd 
Tranche+Variation Interests 
Rate 

Units: 
1/Year Financial Structure of the Debt. 

Interests Rate 3rd 
Tranche inc. 
Variation= 

Interest Rate 3rd 
Tranche+Variation Interests 
Rate 

Units: 
1/Year Financial Structure of the Debt. 

Max Net Assets=  

INTEG (-Yearly Capitalised 
Interests+"Fees & Structure 
Costs"+"Yearly Construction 
Costs (Nominal)" -"Yearly 
Subsidies (Nominal)", 0) Units: kUSD   

Max Net Assets 
w/o Interests & 
Subsidies=  

INTEG (Yearly Construction 
Costs (Nominal)+"Fees & 
Structure Costs",0) Units: kUSD   

Need for CAPEX 
reduction= 

IF THEN ELSE(Equity 
Discrepancy>0, Equity 
Discrepancy , 0 ) 

Units: 
kUSD/Year 

It translates any Equity Discrepancy 
for compensating through CAPEX 
reduction 

Need for Debt 
Renegotiation= 

IF THEN ELSE(Equity 
Discrepancy>0, Equity 
Discrepancy , 0 ) 

Units: 
kUSD/Year 

It translates any Equity Discrepancy 
for compensating through 
renegotiation of Debt conditions 
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Need for OPEX 
reduction= 

IF THEN ELSE(Equity 
Discrepancy>0, Equity 
Discrepancy , 0 ) 

Units: 
kUSD/Year 

It translates any Equity Discrepancy 
for compensating through OPEX 
reduction 

Need for Public 
Subsidies increase= 

IF THEN ELSE(Equity 
Discrepancy>0, Equity 
Discrepancy , 0 ) 

Units: 
kUSD/Year 

It translates any Equity Discrepancy 
for compensating through additional 
Public Subsidies 

Operating Cash 
Flows before 
financing= 

Revenues (Nominal Terms, VAT 
Excluded-"Yearly Construction 
Costs (Nominal)"-"Operation 
Costs (Fixed+Variable)"-
"Corporate tax w/o interests" 

Units: 
kUSD/Year kUSD 

Operating Cash 
Flows before 
financing w/o 
interests of debt 
and subsidies= 

Cash Flow before Financing-
Operating Cash Flows before 
financing 

Units: 
kUSD/Year   

Operation Cost 
(Fixed Part)= 

IF THEN ELSE(Time<=Concession 
Life, IF THEN 
ELSE(Time>Construction Period, 
(Need for OPEX 
reduction+Concessionaire 
Costs+Op Costs per 
Year+Construction 
Cost*Highway Heavy 
Maintenance/100/Highway 
Heavy Maintenance 
Period+Construction Cost*Light 
Maintenance/100)*(1+Inflation 
Rate*2*Semester/100)^(Time/(
2*Semester)) , Concessionaire 
Costs*(1+Inflation 
Rate*2*Semester/100)^(Time/(
2*Semester)) ) , 0 
)*(100+"Variation Initial OPEX 
(Fixed Part)")/100 

Units: 
kUSD/Year kUSD/Year 

Operation Cost 
(Variable Part)= 

("1st Tranche"*"Variable Op 
Costs ADT[1-10000]"+"2nd 
Tranche"*"Variable Op Costs 
ADT[10001-20000]"+"3rd 
Tranche"*"Variable Op Costs 
ADT[20001-30000]"+"4th 
Tranche"*"Variable Op Costs 
ADT[30001-
40000]")*365*(1+Inflation 
Rate*2*Semester/100)^(Time/(
2*Semester)) 

Units: 
kUSD/Year 

The variable costs depend on traffic 
level and correspond to additional 
costs resulting from growth in traffic 
(operation personnel, maintenance, 
etc.). 

Operation Costs 
(Fixed+Variable)= 

Operation Cost (Fixed 
Part)+"Operation Cost (Variable 
Part)" 

Units: 
kUSD/Year 

The operating costs included two 
categories: fixed costs (irrespective of 
traffic volumes) and variable costs. 
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OPEX= 

Operation Costs 
(Fixed+Variable)/(1+IRR)^(Time/
(2*Semester)) 

Units: 
kUSD/Year   

Outstanding Debt 
end Grace Period 
1st Tranche=  

INTEG (1st Tranche drawdown 
w/o capitalised 
interest+Capitalised Interest 1st 
Tranche,0) Units: kUSD   

Outstanding Debt 
end Grace Period 
2nd Tranche=  

INTEG (2nd Tranche drawdown 
w/o capitalised 
interest+Capitalised Interest 
2nd Tranche,0) Units: kUSD   

Outstanding Debt 
end Grace Period 
3rd Tranche=  

INTEG (3rd Tranche drawdown 
w/o capitalised 
interest+Capitalised Interest 3rd 
Tranche,0) Units: kUSD   

Principal 
Repayment 1st 
Tranche= 

IF THEN ELSE(Time>Grace 
Period 1st Tranche, IF THEN 
ELSE(Time>"Repayment Period 
1st Tr. inc. Variation", 0 , 
(Outstanding Debt end Grace 
Period 1st Tranche*"Interests 
Rate 1st Tranche inc. 
Variation"/100*(1+"Interests 
Rate 1st Tranche inc. 
Variation"*2*Semester/100)^(("
Repayment Period 1st Tr. inc. 
Variation"-Grace Period 1st 
Tranche)/(2*Semester))/((1+"In
terests Rate 1st Tranche inc. 
Variation"*2*Semester/100)^(("
Repayment Period 1st Tr. inc. 
Variation"-Grace Period 1st 
Tranche)/(2*Semester))-1) ))-
Interests Paid 1st Tranche , 0 ) 

Units: 
kUSD/Year 

The repayment profile of each tranche 
is on a constant Principal + Interest 
basis (except for those years within 
the grace period where the debt is 
only serviced by the interest paid). 

Principal 
Repayment 2nd 
Tranche= 

IF THEN ELSE(Time>Grace 
Period 2nd Tranche, IF THEN 
ELSE(Time>"Repayment Period 
2nd Tr. inc. Variation", 0 , 
(Outstanding Debt end Grace 
Period 2nd Tranche 
*"Interests Rate 2nd Tranche 
inc. 
Variation"/100*(1+"Interests 
Rate 2nd Tranche inc. 
Variation"*2*Semester/100)^(("
Repayment Period 2nd Tr. inc. 
Variation"-Grace Period 2nd 
Tranche)/(2*Semester))/((1+"In
terests Rate 2nd Tranche inc. 

Units: 
kUSD/Year 

The repayment profile of each tranche 
is on a constant Principal + Interest 
basis (except for those years within 
the grace period where the debt is 
only serviced by the interest paid). 
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Variation"*2*Semester/100)^(("
Repayment Period 2nd Tr. inc. 
Variation"-Grace Period 2nd 
Tranche)/(2*Semester))-1) ))-
Interests Paid 2nd Tranche , 0 ) 

Principal 
Repayment 3rd 
Tranche= 

IF THEN ELSE(Time>Grace 
Period 3rd Tranche, IF THEN 
ELSE(Time>"Repayment Period 
3rd Tr. inc. Variation", 0 , 
(Outstanding Debt end Grace 
Period 3rd Tranche 
*"Interests Rate 3rd Tranche 
inc. 
Variation"/100*(1+"Interests 
Rate 3rd Tranche inc. 
Variation"*2*Semester/100)^(("
Repayment Period 3rd Tr. inc. 
Variation"-Grace Period 3rd 
Tranche)/(2*Semester))/((1+"In
terests Rate 3rd Tranche inc. 
Variation"*2*Semester/100)^(("
Repayment Period 3rd Tr. inc. 
Variation"-Grace Period 3rd 
Tranche)/(2*Semester))-1) ))-
Interests Paid 3rd Tranche , 0 ) 

Units: 
kUSD/Year 

The repayment profile of each tranche 
is on a constant Principal + Interest 
basis (except for those years within 
the grace period where the debt is 
only serviced by the interest paid). 

Profit before tax 
w/o interests= 

Yearly EBITDA-"Yearly Subsidies 
(Nominal)"-"Depreciation w/o 
Interests of debts" 

Units: 
kUSD/Year kUSD 

Repayment Period 
1st Tr. inc. 
Variation= 

Repayment Period 1st 
Tranche+Variation Repayment 
Period Units: Year Financial Structure of the Debt 

Repayment Period 
2nd Tr. inc. 
Variation= 

Repayment Period 2nd 
Tranche+Variation Repayment 
Period Units: Year Financial Structure of the Debt 

Repayment Period 
3rd Tr. inc. 
Variation= 

Repayment Period 3rd 
Tranche+Variation Repayment 
Period Units: Year Financial Structure of the Debt 

Revenues (Nominal 
Terms, VAT 
Excluded= 

Revenues (Real Terms, VAT 
Included)/(1+VAT 
rate/100)*(1+Inflation 
Rate*2*Semester/100)^(Time/(
2*Semester)) 

Units: 
kUSD/Year kUSD 

Revenues (Real 
Terms, VAT 
Included)= 

(Daily Traffic Category 
1*365*"Toll VAT incl. Category 
1"+Daily Traffic Category 
2*365*"Toll VAT incl. Category 
2")*(1+("Toll Rate Variation 
(Over 
Inflation)")/100)^(Time/(2*Sem
ester)) 

Units: 
kUSD/Year 

One out of the four sources of 
highway project funding (i.e., Equity, 
Debt, Tolls, Subsidies). Tolls from up 
to two vehicle categories during the 
operating period. The model enables 
toll levels to be specified for 2 
categories of vehicles. These tolls are 
in USD per km for the Project study 
year and include VAT. 
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Toll VAT incl. 
Category 1= 

Highway Lenght*"Toll rate/km 
Category 1" 

Units: 
kUSD/k 
Vehicles kUSD/k Vehicles 

Toll VAT incl. 
Category 2= 

Highway Lenght*"Toll rate/km 
Category 2" 

Units: 
kUSD/k 
Vehicles kUSD/k Vehicles 

Total drawdown 
w/o capitalised 
interests= 

IF THEN 
ELSE(Time>Construction Period, 
0 , Fees+"Yearly Construction 
Costs 
(Nominal)"+Concessionaire 
Costs*(1+Inflation 
Rate*2*Semester/100)^(Time/(
2*Semester))+Yearly 
Equity+"Yearly Subsidies 
(Nominal)" ) 

Units: 
kUSD/Year 

This is the debt, which is one out of the 
four sources of highway project funding 
(i.e., Equity, Debt, Tolls, Subsidies).  Debt 
is provided by commercial banks or 
specialized institutions such as the World 
Bank. The total debt provided to the 
Project can be defined as up to three 
tranches with different rates, maturities, 
and grace periods. All these tranches are 
in the same currency and have the same 
seniority. The financial model does not 
take account of currency exchange issues. 
Repayment of the 3 tranches will be on a 
Principal + Interests  
constant basis. The amount of debt is 
calculated by the model to reach 100% of 
the investment cost (Equity + Subsidy + 
Debt = 100% of investment costs). 
Investment costs include construction 
costs, capitalised interests, debt fees, and 
concessionaire costs during construction. 

Traffic Growth inc. 
Variation= 

Traffic Growth+Variation Traffic 
Growth Units: Dmnl 

Data related to technical and financial 
project characteristics. It is considered 
a linear traffic growth. 

Yearly Capitalised 
Interests= 

-Capitalised Interest 1st 
Tranche-Capitalised Interest 
2nd Tranche-Capitalised 
Interest 3rd Tranche 

Units: 
kUSD/Year   

Yearly Construction 
Cost (Real Terms)= 

IF THEN 
ELSE(Time<=Construction 
Period, IF THEN ELSE(Time=1, 
Construction Cost*Construction 
Progress Year 1/100 , IF THEN 
ELSE(Time=2, Construction 
Cost*Construction Progress 
Year 2/100 , IF THEN 
ELSE(Time=3, Construction 
Cost*Construction Progress 
Year 3/100 , IF THEN 
ELSE(Time=4, Construction 
Cost*Construction Progress 
Year 4/100 , Construction 
Cost*Construction Progress 
Year 5/100 ) ) ) ) , 0 ) 

Units: 
kUSD/Year   

Yearly Construction 
Costs (Nominal)= 

Yearly Construction Cost (Real 
Terms)*(1+Inflation 

Units: 
kUSD/Year   
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Rate/100*2*Semester)^(Time/(
2*Semester)) 

Yearly Debt 
Service= 

(Yearly Interest+Yearly 
Principal) 

Units: 
kUSD/Year   

Yearly EBIT= Yearly EBITDA-Depreciation 
Units: 
kUSD/Year kUSD/Year 

Yearly EBITDA= 

IF THEN 
ELSE(Time>Construction Period, 
"Revenues (Nominal Terms, VAT 
Excluded"-"Operation Cost 
(Fixed Part)"-"Operation Cost 
(Variable Part)"+"Yearly 
Subsidies (Nominal)", 0) 

Units: 
kUSD/Year kUSD 

Yearly Equity= 
 -"Yearly Construction Costs 
(Nominal)"*"% Equity"/100 

Units: 
kUSD/Year 

One out of the four sources of 
highway project funding (i.e., Equity, 
Debt, Tolls, Subsidies) 
1. Equity provided by the Sponsors, as 
a percentage of construction costs. 
The equity is provided by the 
shareholders of the Concession 
Company. 

Yearly Interest= 

(-Interests after construction 
period 1st Tranche-Interests 
after construction period 2nd 
Tranche-Interests after 
construction period 3rd 
Tranche) 

Units: 
kUSD/Year   

Yearly Principal= 

-Principal Repayment 1st 
Tranche-Principal Repayment 
2nd Tranche-Principal 
Repayment 3rd Tranche 

Units: 
kUSD/Year 

The repayment profile of each tranche 
is on a constant Principal + Interest 
basis (except for those years within 
the grace period where the debt is 
only serviced by the interest paid). 

Yearly Profit before 
Tax= 

Yearly EBIT+(-Interests Paid 1st 
Tranche-Interests Paid 2nd 
Tranche-Interests Paid 3rd 
Tranche) 

Units: 
kUSD/Year   

Yearly Subsidies 
(Nominal)= 

 =-"Yearly Construction Costs 
(Nominal)"*"% Investment 
Subsidies"/100 

Units: 
kUSD/Year 

One out of the four sources of 
highway project funding (i.e., Equity, 
Debt, Tolls, Subsidies). Subsidies from 
public authorities of the beneficiary 
country. Public Authorities can also 
provide investment subsidy, also 
entered as a percentage of 
construction costs 

Yearly taxes 
(Nominal)= 

Yearly Profit before 
Tax*Corporate tax rate/100 

Units: 
kUSD/Year   
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Section 4-5. Sensitivity Analysis 

This study uses Monte-Carlo Analysis to determine the model's robustness to 
parameter variations. The emphasis is on parameters that can take on values other 
than those assumed in the model. The parameters are Highway Heavy Maintenance, 
Inflation Rate, and Traffic Growth. We checked the sensitivity of the LCCA to these 
variables. The authors changed the corresponding variable up to double its base run 
value. Each sensitivity test is the outcome of 200 simulation runs using a uniformly 
distributed random distribution of the parameters within the defined intervals. As 
illustrated in Figures S3 (Project 1) and S4 (Project 2), the results are qualitatively 
robust, and their variability is within reasonable limits. 
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Figure 4-S4. Sensitivity analysis for change in parameters Project 1. 
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Figure 4-S5. sensitivity analysis for change in parameters Project 2. 
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Section 6-1. Calibration Scheme for Conditions and Outcomes 

 

CONSULTANTS’ CAPABILITY CLUSTER 

 

Table 6-S1. Calibration scheme for the Potential Condition #1 – Consultant’s Staff 

Resources 

Value Short description 

1.00 

‘Complete Staff Resources’ – Existence of comprehensive professional backgrounds 

(e.g., biologists, engineers, social sciences) expressed by the existence of various expert 

positions (more than 60) working in the EIA in an integrated and collaborative way. 

0.70 

‘Adequate Staff Resources’ – Existence of most of the diverse professional backgrounds 

required (e.g., biologists, engineers, social sciences) by the existence of an adequate 

number of expert positions (40-60) working in the EIA with sufficient integration and 

collaboration. 

0.30 

‘Limited Staff Resources’ – Existence of a small number of professional backgrounds 

(e.g., biologists, engineers, social sciences) by the existence of limited expert positions (20-

40) working in the EIA with limited integration and collaboration. 

0.00 

‘Scarce Staff Resources’ – Existence of a significantly reduced number of expert 

positions (less than 20) or absence of documental evidence of the existence of expert 

positions. 

 

 

PROJECT FEATURES CLUSTER 

 

Table 6-S2. Calibration scheme for the Potential Condition #2 – Project Cost 

Value Short description 

1.00 ‘High’ – Project’s cost of 6 million USD per km or more 

0.70 ‘Moderately High’ – The project’s cost is between 4 and 6 million USD per km 

0.30 ‘Moderately Low’ –The project’s cost is between 2 and 4 million USD per km 

0.00 ‘Low’ – Project’s cost of 2 million USD per km or less 

 

Table 6-S3. Calibration scheme for the Potential Condition #3 – Number of Bidders 

Value Short description 

1.00 ‘High’ – More than three bidders 

0.70 ‘Moderately High’ –Three bidders 

0.30 ‘Moderately Low’ –Two bidders 

0.00 ‘Low’ – One single bidder 

 

Table 6-S4. Calibration scheme for the Potential Condition #4 – Initiation Process 
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Value Short description 

1.00 ‘Solicited Proposal’ – PPP project originated by the public sector 

0.00 ‘Unsolicited Proposal’ – PPP project originated by the private sector 

 

Table 6-S5. Calibration scheme for the Potential Condition #5 – Location 
 

Value Short description 

1.00 
‘Mid-East’ – Road PPPs that are close to or directly located in the mid-east regions (e.g., 

Cundinamarca, Boyaca, Casanare, Meta, and Santander regions) 

0.70 
‘North’ – Road PPPs that are close to or directly located in the northern regions (e.g., 

Cordoba, Sucre, Bolivar, Atlantico, and Norte de Santander regions) 

0.30 
‘South-West’ – Road PPPs that are close to or directly located in the south-west regions 

(e.g., Valle del Cauca, Cauca, Nariño, Putumayo, and Huila regions) 

0.00 
‘Mid-West’ – Road PPP that are close to or directly located on the mid-west regions (e.g., 

Antioquia, Tolima, Risaralda, and Caldas) 
 

 

COMMUNITIES’ PARTICIPATION CLUSTER 

 

Table 6-S6. Calibration scheme for the Potential Condition #6 – Communities’ Involvement 

Value Short description 

1.00 

‘Complete’ – The EIA development achieved full involvement and collaboration with a 

significant proportion of external stakeholders reaching an overall agreement, resulting in 

no lawsuits against the EIA process led by the communities. 

0.70 

‘Limited’ – The EIA development achieved limited involvement and collaboration with 

external stakeholders without reaching an overall agreement, resulting in lawsuits against 

the EIA process led by the communities but the court judgments are against the plaintiff’s 

claim in all the cases. 

0.30 

‘Scarce’ – The EIA development achieved scarce involvement and collaboration with 

external stakeholders with disagreements and lawsuits against the EIA process led by the 

communities, resulting in one court judgment in the plaintiff’s favor. 

0.00 

‘Absent’ – The EIA development achieved neither involvement nor collaboration with 

external stakeholders with relevant disagreement, resulting in several lawsuits against the 

EIA process led by the communities of which multiple court judgments were in the 

plaintiff’s favor. 

 

EIA EFFECTIVENESS 

 

Table 6-S7. Calibration scheme for the Outcome #1 – Normative Effectiveness 

Value Short description 

1.00 

‘Significant’ – The policy meets its intended objective significantly reflected in no 

suspension of the environmental licensing process due to non-compliance with legal 

requirements 

0.70 

‘Adequate’ – The policy meets its intended objective partially reflected in the additional 

requirements to the concessionaire in the process of environmental licensing for non-

compliance with requirements  
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0.30 

‘Limited’ – The policy meets its intended objective in a limited way reflected in the 

concessionaire’s request for an extension of the environmental licensing process due to 

non-compliance with requirements timely 

0.00 

‘Absent’ – The policy does not meet its intended objective reflected in the temporary 

suspension of the environmental licensing process due to non-compliance with 

requirements 

 

Table 6-S8. Calibration scheme for the Outcome #2 – Procedural Effectiveness 

Value Short description 

1.00 
‘Complete’ – The EIA adheres completely with the theoretical-methodological 

formulations and range of conditions with no meaningful alterations 

0.70 
‘Partial’ – The EIA adheres partially with the theoretical-methodological formulations but 

modifies the ranges of some conditions  

0.30 
‘Limited’ – The EIA adheres in a limited way due to alterations of both the theoretical-

methodological formulations and the range of conditions  

0.00 
‘Absent’ – The EIA employs outdated theoretical-methodological formulations that 

neglect significant conditions 

 

Table 6-S9. Calibration scheme for the Outcome #3 – Substantive Effectiveness 

Value Short description 

1.00 

‘Significant’ – The EIA meets its intended objective of the reduction of negative 

environmental impacts significantly reflected in no unforeseen impacts or preventive 

measures detected by the environmental control entity after the approval of the EIA 

0.70 

‘Adequate’ – The EIA meets its intended objective of the reduction of negative 

environmental impacts partially reflected in the establishment of preventive measures by 

the environmental control entity after the approval of the EIA 

0.30 

‘Limited’ – The EIA meets its intended objective of the reduction of negative 

environmental impacts in a limited way reflected on unforeseen impacts detected by the 

environmental control entity after the approval of the EIA 

0.00 

‘Absent’ – The EIA does not meet its intended objective of the reduction of negative 

environmental impacts reflected on environmental investigation processes against the 

concessionaire that result in the suspension of works 

 

Table 6-S10. Calibration scheme for the Outcome #4 – Transactive Effectiveness 

Value Short description 

1.00 
‘Significant’ – The EIA meets its intended outcomes in less than a year without further 

license modifications 

0.70 
‘Adequate’ – The EIA meets its intended outcomes in less than a year but with two further 

license modifications 

0.30 
‘Limited’ – The EIA meets its intended outcomes in a limited way lasting more than a year 

and/or having multiple further license modifications 

0.00 
‘Deficient’ – The EIA meets its intended outcomes in a deficient way with a suspension of 

the environmental license process 
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Section 6-3. Case Studies’ Brief Description 

 

Cartagena-Barranquilla and Circunvalar de la Prosperidad 

 

As part of the national PPP program, the National Infrastructure Agency (ANI) planned to 

develop a 146 km stretch of road on a BOT basis. This road connects the two most relevant 

cities in the north of Colombia: Cartagena and Barranquilla. In 2014, the ANI conducted the 

tendering process achieving the participation of three different bidders. The project envisaged 

the development of a second line for 39 km, the recondition of 12.50 km, and rehabilitation of 

88.40 km of the highway. ANI bid out the project competitively to Concesion Costera 

Cartagena Barranquilla SAS. The concession agreement was signed in 2014 for a period of 25 

years. As the construction started, the concessionaire actively coordinated with the state 

government and the National Agency of Environmental License (ANLA) to obtain the 

environmental license, permits, and acquire land. Project construction was completed in 

November of 2021. This is one out of the five PPP projects where have been discovered 

significant archeological findings. Indeed, more than 250,000 archeological pieces were found 

in this project until 2022. 

 

Connection Pacifico 1 Highway  

  

The ANI decided to upgrade 50 km of an existing highway as part of a national program 

between the metropolitan area of Medellin and Bolombolo in the southwest of the Antioquia 

region. As part of the project, 32 km of a single-lane highway were to be upgraded to a two-

lane highway through a BOT structure. The ANI conducted the tendering process achieving 

the participation of two different bidders. The project was competitively bid out to an SPV 

named Concesionaria Vial del Pacifico SAS (COVIPACIFICO SAS) in 2014 for a period of 

25 years. As the construction started in May 2018, the project faced bottlenecks because one 

out of the four tunnels required for the project (the tunnel in Amaga) was required to develop 

a diagnostic of alternatives because of the lack of enough planning process of the public entity 

during the procurement phase. Consequently, the construction phase started in 2018, almost 

four years after the concession agreement was signed. 

This is the third project according to its size (1,2 billion USD) and the most complex 

project according to its capital expenditures (CAPEX) per km (27 million USD) among the 

whole Fourth Generation PPP Colombian Program. This high complexity is reflected in two 

major tunnels (the longest one is a double tunnel 4 km long each). This project achieved a 

significant communities’ involvement during the environmental licensing process by 

incorporating their main concerns within the environmental impact assessment with a 

significant budget for environmental mitigation. 

 

Northern Bogota Access Road Expansion  

 

In the capital city of Colombia, Bogota, the northeast zone of the city was highly congested. A 

few years before the former concession of this highway ended in 2015, the concessionaire 
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decided to initiate an unsolicited proposal for a new concession to upgrade the current highway. 

In 2017, the ANI approved the unsolicited proposal to upgrade a 62 km stretch on a BOT basis. 

The ANI conducted the tendering process achieving the participation of two different bidders. 

The highway was awarded Accesos Norte de Bogota SAS in October 2017. The concession 

agreement was signed for a period of 25 years. The project included 4.18 km of an existing 3-

lane highway was to be upgraded to a 5-lane highway and 4.91 km of an existing single-lane 

highway was to be upgraded to a two-lane highway through a BOT structure. In December 

2021, the greatest bank in Colombia (Bancolombia) announced the financial closure of the 

project. The construction phase is expected to be completed in April 2023.  

 

Connection Pacifico 2 Highway  

 

The National Infrastructure Agency (ANI) decided to upgrade 96.5 km of highway in the 

southwest of the Antioquia region on a BOT basis. The ANI develop a tendering process for 

25 years BOT project to be offered to the bidder that solicited the lowest grant. The tendering 

process resulted in the participation of one single bidder. The highway project was awarded to 

a special purpose vehicle named Concession La Pintada SAS in November 2014. As part of 

the project, 37.75 km of an existing single-lane highway were to be upgraded to a two-lane 

highway through a BOT structure. The construction phase started in November 2015 and the 

operation phase was initiated six years later.  

 

Magdalena 2 Highway 

 

As part of the national PPP program, the ANI tendered a 144 km toll road on a BOT basis. This 

road connects Medellin with Caucasia aiming for reducing the travel time from six to four 

hours. In 2014, ANI develop the tendering process achieving the participation of two different 

bidders. The project included the development of 22.52 km of a third line and the construction 

of 84.82 km of new lanes. The tender was won by a special purpose vehicle called Autopista 

Rio Magdalena SAS. The concession agreement was signed in 2014 for a period of 25 years. 

As the construction began, the concessionaire faced major challenges with the land acquisition 

regarding issues in the property rights of some properties that should be acquired for the project. 

The project was also affected by delays in achieving financial closure. As a result, four years 

after the construction phase was initiated, the concessionaire only built the bridge over the 

Magdalena river but no construction activities had been performed on the road. After further 

support from the government to reach the project’s financial closure, the construction activities 

on the road started in May 2021 and the construction phase is planned to finish in August 2023.  

 

Connection Pacifico 3 Highway 

 

This is one out of the five PPP projects where have been discovered significant archeological 

findings. Indeed, almost a half million archeological pieces were found in this project until 

2022. The scope of this project includes upgrading 50 km of an existing highway as part of a 

national program between the metropolitan area of Medellin and Bolombolo in the southwest 

of the Antioquia region. As part of the project, 32 km of a single-lane highway were to be 
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upgraded to a two-lane highway through a BOT structure. The ANI developed the tendering 

process achieving the participation of two different bidders. The tender was won by an SPV 

named Concesionaria Vial del Pacifico SAS (COVIPACIFICO SAS) in 2014 for a concession 

period of 25 years. As the construction started in May 2018, the project faced bottlenecks 

because one out of the four tunnels required for the project (the tunnel in Amaga) was required 

to conduct a diagnostic of alternatives because of issues in the planning process conducted by 

the public entity during the procurement phase. Consequently, the construction phase started 

in 2018, almost four years after the concession agreement was signed. 

 

Perimetral Oriental de Cundinamarca 

 

This is one out of the five PPP projects where have been discovered significant archeological 

findings. Indeed, more than 1 million archeological pieces were found in this project until 2022. 

As part of the national PPP program, the ANI planned to develop a 153 km stretch of road on 

a BOT basis. This road allows users to avoid crossing the capital city (Bogota) to go between 

the northern and southern cities. In 2014, the ANI conducted the tendering process achieving 

the participation of three different bidders. The ANI bid out the project competitively to an 

SPV integrated by Infrared Capital Partners and Grodco SA. The concession agreement was 

signed in 2014 for a period of 25 years. As the pre-construction phase finishes, the ANLA 

rejected the environmental license for a significant portion of the project because the initial 

design developed by the ANI considered the road on relevant water reservoirs in the Bogota 

east basin. As a result, this portion of the project is projected to be developed seven years later 

based on a new design. 

 

Mulalo-Loboguerrero Highway 

 

This is one out of the three PPP projects that are still in the pre-construction phase by mid-2022 

because of the multiple issues that the project face during the procurement phase. Mulalo-

Loboguerrero is a 32 km project. The ANI decided to develop an 84 km to connect Yumbo to 

the main Colombian port in the Pacific Ocean (Buenaventura). The ANI conducted the 

tendering process achieving the participation of three different bidders. The project was 

competitively bid out to an SPV integrated by Corficolombiana and ACS Group in 2016 for a 

period of 29 years. As the construction started in May 2018, the project faced significant issues 

with the local communities that opposite to the project development. Consequently, the 

construction phase started in 2018, almost four years after the concession agreement was 

signed. 

 

This is the third project according to its size (1,2 billion USD) and the most complex project 

according to its capital expenditures (CAPEX) per km (27 million USD) among the whole 

Fourth Generation PPP Colombian Program. This high complexity is reflected in two major 

tunnels (the longest one is a double tunnel 4 km long each). This project achieved a significant 

communities’ involvement during the environmental licensing process by incorporating their 

main concerns within the environmental impact assessment with a significant budget for 

environmental mitigation. 
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Girardot-Honda-Puerto Salgar Highway 

 

This is one out of the five PPP projects where have been discovered significant archeological 

findings. Indeed, more than 120,000 archeological pieces were found in this project until 2022. 

 As part of the national PPP program, the National Infrastructure Agency (ANI) planned to 

develop a 190 km stretch of road on a BOT basis. This road connects some relevant cities in 

the Magdalena river mid-basin, Girardot and Puerto Salgar. In 2016, the ANI conducted the 

tendering process achieving the participation of two bidders. The ANI bid out the project 

competitively to a special purpose vehicle composed of Colombian and Costa Rican companies 

(i.e., Mario Huertas company and Constructora MECO). The concession agreement was signed 

in 2016 for a period of 25 years. As the construction started, the concessionaire coordinated 

with the government, and the ANLA to obtain the environmental license, permits, and acquire 

land.  

 

Transversal del Sisga project  

 

This is a non-complex project (2 million USD per km) with a few tunnels and bridges but with 

the most competitive tendering process (i.e., seven bidders) among the sample analyzed located 

in the mid-east region in Colombia (Boyaca). The ANI decided to upgrade 137 km of an 

existing highway as part of a national program to connect two regions, Boyaca and Casanare. 

The project was competitively bid out to an SPV integrated by three companies (Obresca, KMA 

Construcciones, and Grupo Ortiz) in 2018 for a period of 25 years. This is the third smaller 

project according to its CAPEX (282 million USD) among the Fourth Generation PPP 

Colombian Program. This project did not achieve a significant communities’ involvement 

during the environmental licensing process and; consequently, the procedural and substantive 

EIA effectiveness were affected. 

 

Autopista al Mar 1 

 

In 2019, the ANI approved the solicited proposal to upgrade a 176 km stretch from the second 

biggest city of Colombia (Medellin) and the road to the Atlantic coast in the north of the country 

on a BOT basis. The ANI conducted the tendering process achieving the participation of three 

different bidders. The highway was awarded to an SPV integrated by four companies (Strabag 

Austria, SACYR Vallehermoso, and Concay SA) in 2019. The concession agreement was 

signed for a period of 30 years. Due to the size of the project (more than 700 million USD), the 

financial closure of the project was achieved by multiple financial entities, namely: CAF 

multilateral, IADB multilateral, the Interamerican Development Bank, Instituto de Credito 

Oficial, Black Rock, and the FDN.  

 

Villavicencio Yopal highway 

 

This is a project initiated by the public sector (solicited proposal) that simultaneously gathered 

a significant number of bidders (six proponents), a few consultant’s crew (less than 20 members 
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with key backgrounds), and achieved a significant communities’ involvement during the 

environmental licensing process by incorporating their main concerns within the environmental 

impact assessment. The National Infrastructure Agency (ANI) decided to upgrade 261 km of 

highway to connect the capital cities of the Meta and Casanare regions on a BOT basis. The 

ANI develop a tendering process for 25 years BOT project to be offered to the bidder that 

solicited the lowest grant. The tendering process was the second highest competitive among 

the whole Colombian PPP program resulting in the participation of six proponents. The 

highway project was awarded to the selected SPV in 2015.  

 

Autopista al Mar 2 

 

As part of the national PPP program, the ANI tendered a 246 km toll road on a BOT basis. This 

road connects Canasgordas and Necocli (a port in the Caribbean sea) in the Antioquia region. 

In 2019, ANI develop the tendering process achieving the participation of two different bidders. 

The tender was won by a special purpose vehicle integrated by China Harbour Enginnering 

Company Ltd, Termotecnica Coindustrial, SP Ingenieros, Pavimentar S.A., Unidad de 

Infraestructura y Construcciones Asociadas SAS, Sonacol SAS. The concession agreement was 

signed in 2019 for a period of 25 years.  

 

Bucaramanga-Barrancabermeja-Yondo Highway 

 

The scope of this project includes upgrading 152 km of an existing highway as part of a national 

program between the metropolitan area of Bucaramanga (Santander region) and Yondo 

(Antioquia region) in the Magdalena river basin. The ANI developed the tendering process 

achieving the participation of three different bidders. The tender was won by an SPV integrated 

by Cintra, RM Holdings, and MC Victorias Tempranas SAS in 2018 for a concession period 

of 29 years.  

 

Popayan-Santander de Quilichao Highway 

 

This is one out of the three PPP projects that are still in the pre-construction phase by mid-2022 

because of the multiple issues that the project face during the procurement phase. Popayan-

Santander de Quilichao is a 77 km project. 

 

North Connection Road  

 

This project is a solicited proposal whose concessionaire chose a consultancy company not 

involved in any simultaneous PPP project that established specific roles to avoid an excessive 

number of staff members. This project is a low-complex solicited proposal (3.3 million USD 

per km) located in the mid-west region (Antioquia region). 

 

Puerta de Hierro – Cruz del Vizo  
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This project is a low-complex solicited proposal (1 million USD per km), with a highly 

competitive tendering process (4 bidders), in the northern region of the country (Bolivar 

region), developed by a team composed comparatively of a few members (23 members).  The 

concessionaire of this project achieved high communities involvement during the EIA process. 

This is one out of the five PPP projects where have been discovered significant archeological 

findings. Indeed, more than 280,000 archeological pieces were found in this project until 2022. 

 

Pamplona-Cucuta project  

 

In this project, a concessionaire led by an experienced Spanish company (SACYR) chose one 

of the most experienced environmental consultant companies in EIA in PPPs in the country 

involved in four out of the 28 road PPP projects in the country, which incorporated more than 

50 experts from multiple backgrounds to develop the EIA. 

 

Antioquia-Bolivar  

 

Construcciones el Condor, the private company that led the previous concession on the same 

road (i.e., Transversal de las Americas PPP), developed the feasibility analysis for the 

unsolicited proposal that resulted in a single bidder tendering process won by a concessionaire 

totally owned by this private company, for a second consecutive time Finally, the 

concessionaire chose an environmental consultant company not involved in the EIA of none of 

the remaining 28 road PPP projects in the country but focused exclusively on conducting the 

EIA for this project. 

 

Chirajara-Villavicencio  

 

Corficolombiana, the private company that led the previous concession on the same road (i.e., 

Bogota-Caqueza-Villavicencio toll road), developed the feasibility analysis for the unsolicited 

proposal that resulted in a single bidder tendering process won by a concessionaire totally 

owned by this private company, for a second consecutive time. Finally, the concessionaire 

chose an environmental consultant company not involved in the EIA of none of the remaining 

28 road PPP projects in the country but focused exclusively on conducting the EIA for this 

project. 

 

Malla Vial del Meta 

 

This is one out of the three PPP projects that are still in the pre-construction phase by mid-2022 

because of the multiple issues that the project face during the procurement phase. Malla Vial 

del Meta is a 267 km project. 

 

Third Lane Bogota-Girardot project  

 

This project is a low-complex initiative (less than 4 million per km) located in the mid-west 

region near the capital of the country and resulted from a highly competitive tendering process 
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in which three bidding groups were involved. The two non-preferred groups played a 

meaningful role in the short- and middle-term, with respect to significantly increasing the 

accountability of the project by triggering high levels of attention from public sector agencies. 

 

Santana-Mocoa-Neiva  

 

This is a 456 km project, which tendering process only incorporated two bidders. Moreover, 

35% of this special purpose vehicle is held by a multinational Mexican company, which despite 

did not have previous experience in Colombian road PPP projects had a meaningful experience 

in thirteen countries that was meaningful for the environmental impact assessment. This is a 

high size (1 billion USD) non-complex project (2 million USD/km) due to its comparatively 

fewer representativeness of tunnels and bridges per km allowed a significant budget for 

environmental mitigation and decreased the unforeseen environmental impacts, which played 

a central role for the debt provider’s risk assessment for further financial close. The 

concessionaire chose the consultants’ company with the highest market participation, which 

was involved simultaneously in the development of the EIA for five road PPPs in the same 

country. This high market participation, allowed the consultant to implement valuable lessons 

from the other PPP projects and, additionally, achieved a significant involvement of the 

communities through detailed incorporation of their concerns diminishing social opposition 

against the environmental licensing. However, this project had to be sold by the former 

concessionaire because of its diminished reputation resulting from the investigation against it 

because of corruption issues in another project where Odebretch was a partner. 

 


