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The rapid urban development, the Agenda 2030, the climate change adaptation and the COVID 19 crisis high-
light the need to increase investment in public infrastructure and improve water supply and sanitation services.
For this, an alternative to traditional public procurement is the participation of the private sector under the
public-private partnership (PPP) model. The objective of this article is to develop a tool based on critical success
factors (CSFs) that allows for evaluation during early stages of the convenience of developing a PPP project for
W&S in urban areas of Latin America and the Caribbean. The index was developed based on literature review
(779 variables), review of cases (20 variables) and expert opinion to assign them an estimated value of
importance. The results were analysed by exploratory and confirmatory factor analysis, selecting 17 main var-
iables grouped into 6 CSFs, the most relevant of which are Convenience, Certainty, Leadership, Attraction,
Performance and Reliability. The application of this index allows an early assessment of the feasibility of a PPP
project and/or the selection of the alternatives with the best chances of success. On the other hand, this study
contributes to the international discussion on the most relevant elements related to the success of PPP in W&S

projects.

1. Introduction

There are important reasons to accelerate the creation and
improvement of water and sanitation (W&S) infrastructures and services
in Latin America and the Caribbean (LAC), such as the fulfillment of
international commitments (2030 Agenda), the increase in population
and the migration of people to urban areas (in LAC the rate of urbani-
zation reached 80.7% in 2018, and could reach 87.8% by 2050 (UNI-
CEF-OMS, 2021), the need to protect the people’s health (WHO, 2020),
and the impact of crises such as COVID-19 on water consumption and
quality (Bhowmick et al., 2020; Butler et al., 2020.; Kalbusch et al.,
2020).

In the LAC region, W&S services require significant investments for
the creation and improvement of infrastructure. According to 2020 data,
the region has an urban coverage of 81% in safely managed supply, and
40% in safely managed sanitation (UNICEF-OMS, 2021). In addition, the

region has evident differences in the level of development of each
country, particularly in their economic, legal, technological, social and
environmental frameworks, which implies a wide variety of problems
and potential solutions. For these and other reasons, it is important to
consider different management alternatives, including the
public-private partnership (PPP) model as participation of the private
sector. The World Bank (2017) defines the PPP as ‘a long-term contract
between a private party and a government entity, for the provision of a
public good or service, in which the private party assumes significant
risk and management responsibility, and remuneration is linked to
performance’. According to Brichetti et al. (2021) in LAC, to achieve
Sustainable Development Goal No. 6 by 2030, the water and sanitation
sector requires US$373.9 billion in total investments, 68% of which is
for building new infrastructure and 32% for maintenance and replace-
ment of assets. On the other hand, private financing of public infra-
structure has been increasing in recent decades, however the return on

Glossary: CBA, cost-benefit analysis; CFA, confirmatory factor analysis; CFI, comparative fit index; COVID 19, corona virus disease 2019; CSF, critical success
factor; EFA, exploratory factor analysis; KMO, Kaiser-Meyer Olkin; LAC, Latin America and the Caribbean; PCA, principal component analysis; PPP, public-private
partnership; RMSEA, root mean square error of approximation; SI, selectivity index; SRMR, standarized root mean-square; TLI, Tucker-Lewis index; TVE, total
variance explained; UN, United Nations; W&S, water and sanitation; WoS, Web of Science.
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these investments is not always guaranteed, and can lead to bigger
problems such as conflicts, termination of contracts or rescue of private
operators (Demirel et al., 2022), therefore the selection of projects is
important and must be supported by appropriate methodologies. The
selection of PPP projects is a process that consumes time and public
resources (Grimsey and Lewis, 2004; Osei-Kyei and Chan, 2019; Thar-
makulasingham and Pasindu, 2021) in which it is necessary to improve
the transparency, efficiency and effectiveness of evaluation and pro-
curement procedures (Dithebe et al., 2019), identifying and managing
risks, especially those that may significantly impact public budgets, lead
to contract renegotiation or project failure (Carbonara and Pellegrino,
2018; Jiang, 2016). Regarding this, Latin America and the Caribbean is
not an isolated case and needs improvements in its procedures for pre-
paring and procuring PPPs (World Bank, 2018).

This article offers a tool to identify water and sanitation projects that
can be implemented by PPPs with the best chances of success, based on
the identification and evaluation of criteria based mainly on critical
success factors (CSFs). In general, we understand that CSFs are events or
circumstances, internal or external, relevant to the management team
because of their importance to the project (Ferguson and Dickinson,
1982). There are multiple studies that identify CSFs in different types of
projects such as energy (Xu et al., 2015; Zhao et al., 2010), construction
contracts (Ergoniil, 2017; Jha and Iyer, 2006), sports infrastructure
(Jefferies et al., 2002), housing (Tucker et al., 2014; Youneszadeh et al.,
2017) and in recent years, some authors have started to develop research
focused on water infrastructure (Li et al., 2019; Meng et al., 2011;
Osei-Kyei et al., 2019a).

In general, the results of other investigations include groups of
similar CSFs, however in W&S the order of the factors is different, and
there are factors not included in other studies. In this sense, in Ameyaw
and Chan (2015b) economic, political and factors related to social
behavior are obtained (corruption, water theft, non-payment of bills),
while in Li et al. (2019), economic sustainability, society (related to
public satisfaction), the environmental effects of the project, and the
elements of infrastructure and management are more relevant.
Politics-related factors are mentioned in many industry publications
(Ameyaw and Chan, 2015a, 2016a; Zhang et al., 2019), as well as eco-
nomic factors (Tariq et al., 2019) and legal factors (Ameyaw et al., 2017;
Dithebe et al., 2019; Tariq et al., 2019; Zhang et al., 2019). It is also
common to find CSFs related to project management and its risks (Meng
etal., 2011; Mousavizade and Shakibazad, 2019; Swamy et al., 2018). In
addition, the literature review did not find any specific publications on
CSFs for W&S projects in LAC region, and the closer ones are for
developing countries (Ameyaw et al., 2017; Tariq et al., 2019). Some
studies (Ameyaw and Chan, 2016b; Chen et al., 2019; Osei-Kyei et al.,
2020; Osei-Kyei and Chan, 2017b, 2019) have developed project se-
lection indexes based on CSFs, but each one groups and weighs the
importance of each factor differently, which obviously has an effect on
the project selection process. There are different approaches and tools
that can be used to select PPP projects, such as filtering by size and
complexity (Thierie and De Moor, 2017), indexes based on critical
success factors or risk factors (Ameyaw and Chan, 2016b; Osei-Kyei
etal., 2017; Osei-Kyei and Chan, 2019), identification and mitigation of
risks (Ameyaw and Chan, 2015a, 2015b, 2016a; Pellegrino, 2021),
concessionaire selection (Wu and Gao, 2012; Zhang, 2004a, 2004b),
value-for-money analysis (Cui et al., 2019), indexes for unsolicited
proposals (Osei-Kyei et al., 2020), capital structure models and project
sustainability (Chen et al., 2019; Hou et al., 2022), and conceptual
framework analysis (Cherkos et al., 2020). Therefore, to improve the
selection process of W&S PPP projects in LAC, it is necessary to study
CSFs in depth.

The objective of this article is to develop a tool based on critical
success factors that, during the early stages, allows for evaluation of the
convenience of developing a PPP project for W&S in urban areas of Latin
America and the Caribbean. Consequently, it is necessary to identify the
variables considered in the water sector, assess them in the specific
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framework of the PPP model in W&S and develop a selectivity index
applicable within the scope of the study (urban areas of LAC). The LAC
countries considered are Argentina, Bahamas, Barbados, Belize, Bolivia,
Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El
Salvador, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico,
Nicaragua, Panama, Paraguay, Peru, Suriname, Trinidad and Tobago,
Uruguay and Venezuela.

In addition, this publication is important for researchers and prac-
titioners in sectors such as project management, governance, and in-
vestment, to improve the understanding and the selection of projects
with higher chances of success, making better use of resources and
accelerating the development of required services and infrastructure. It
will also allow decision makers to be informed of the most relevant as-
pects they will have to face for the design and operation of the project.

2. Materials and methods

To achieve the objective, the first step is to obtain variables appli-
cable to this type of projects, which is done through a review of cases in
LAC and a review of literature. Subsequently, a valuation questionnaire
is designed that allows experts in the sector to assign a value of impor-
tance to each variable. Finally, the data are processed by multivariate
analysis and the parameters are obtained to elaborate a Selectivity Index
(SD.

2.1. Review of cases

The first phase to obtain variables was carried out by analysing in-
ternational reports and scientific publications on the reality of W&S
services in LAC. The analysis sought to identify the most important
variables that affected various urban projects according to different
specialists. For the present study, 6 publications were selected and
analysed, referring to cases located in Argentina, Bolivia, Colombia,
Mexico, Chile and Panama (Andres et al., 2010; Bitran and Arellano,
2005; Castro, 2008; Marin, 2009; PPIAF, 2014).

The 20 most important variables for the W&S sector obtained in this
review are: Increased coverage and quality of service, Controls through
performance indicators, Efficiency in operational and commercial
management, Adequate tariff model, Contract design, Political support
for the project, Minimal political interference, Good financial condi-
tions, Quality of available information, Adequate social management
(workers and users), Transparency, Competitive bidding process, Stable
regulatory framework, Good design of plans and programs, Public
participation, Social acceptance of the project, Collaboration between
public and private sectors, Institutional cohesion, Specialised private
contribution (knowledge and technology), and Conflict resolution
mechanisms.

2.2. Variables in literature review

The literature review is a widely used method to obtain CSFs
(Ameyaw and Chan, 2015b; Cui et al., 2018; Li et al., 2019; Osei-Kyei
etal., 2020). To compile it, a search was carried out for scientific articles
in indexed journals in the renowned Web of Science (WoS) database,
which has an extensive and up to date record of publications (see Fig. 1).

The search was conducted in December 2019 and the following
Boolean searches, and word and subject filters were applied: ‘infra-
structure’, ‘water’, ‘private’ and ‘critical success factors’, excluding re-
sults with conference papers and book chapters. Subsequently, a
filtering of the automatic searches was carried out with 34 results,
eliminating those articles that did not have a direct relationship with the
subject of study (8 articles removed) and manually adding 2 articles
(Mousavizade and Shakibazad, 2019; Osei-Kyei and Chan, 2017a) that
have arisen from the reading of the subject and that are applicable to the
proposed objective. The selection of scientific literature identified 28
articles for review and analysis (Fig. 2). However, only 11 focus all their
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Fig. 1. Flow diagram of the research process.

attention on urban supply and/or sanitation infrastructures (Ameyaw
et al., 2017; Ameyaw and Chan, 2015a, 2015b, 2016a; Dithebe et al.,
2019; Li et al., 2019; Meng et al., 2011; Mousavizade and Shakibazad,
2019; Swamy et al., 2018; Tariq et al., 2019; Zhang et al., 2019).

Once the contents and characteristics of the selected articles had
been analysed, 779 elements were identified, which for the purposes of
this study are considered as variables. It is important to point out that
these elements do not always receive the denomination of CSF since
many of them were used for the construction of questionnaires without
being grouped or given a value and are not always defined as factors
towards achieving the success of the project (for example, the variables
‘Foreign exchange rate’ versus ‘Variation in foreign exchange rate and
convertibility issues’). This was solved in the variable grouping phase by
leaving all variables expressed as contributing to project success.

To analyse the 779 variables, the first step was to incorporate them
into a digital list to facilitate their management and comparison. Then,
the list of variables was imported into a concept mapping software
(Xmind, 2020) that allows the organisation and visualization of all the
variables at once. It also allows to move each of the variables to compare
them by similarity one by one and create similar groups or categories
(the grouping criteria were based on the experience of the research
team). The initial categories, which are only an instrument to order the
information, were: PPP project priority level for society and govern-
ment, PPP project feasibility, PPP project characteristics, PPP project
bankability, PPP project environment, and PPP value generation. In the
process, 12 variables (~1.7% of the total) were left out because they
were not applicable to the type of projects to be studied. The result of
grouping the remaining variables was a total of 52 variables. The
grouped variables were reviewed by the members of the research team
to detect failures in the process.

Finally, on the list of variables from the review of cases in LAC (20
variables) and the literature review (52 variables), a new review was
performed, reordering and complementing the list with variables that
could be relevant to the analysis and that were not found previously. The

variables were discussed and tested with the research team through a
pilot questionnaire to make them applicable to W&S projects in LAC, as
has been done by other researchers (e.g. Ameyaw et al., 2017; Mousa-
vizade and Shakibazad, 2019; Swamy et al., 2018).

2.3. Questionnaires and participants

To obtain the field data, surveys are usually developed and distrib-
uted (e.g. Dithebe et al., 2019; Li et al., 2019; Osei-Kyei et al., 2019c,
2017; Osei-Kyei and Chan, 2017c; Zhang, 2005a), and some authors
report that they test them by means of a pilot survey or pretesting
(Ameyaw and Chan, 2015a; Osei-Kyei et al., 2019a; Osei-Kyei and Chan,
2017¢, 2019; Swamy et al., 2018). Other authors use methods such as
semi-structured interviews (Mazher et al., 2018; Osei-Kyei and Chan,
2018), or the Delphi method for the evaluation of variables (Ameyaw
and Chan, 2015a, 2016a; Cui et al., 2019; Xu et al., 2010). The pilot
questionnaire was taken on February 2020.

To assess the relative importance of the variables, a structured
questionnaire was developed and sent in February 2020 to 60 specialists
in academia, consulting, financial institutions and public agencies. All
the experts were selected for their in-depth knowledge and experience in
the implementation of PPP projects and the W&S sector in Latin America
and the Caribbean. These experts were asked to evaluate the degree of
importance of each variable in explaining the potential performance of a
PPP W&S project based on their applied experience. The assessment was
conducted using a Likert scale with values between 1 and 5 (similar to
those used in Dithebe et al., 2019; Mousavizade and Shakibazad, 2019;
Osei-Kyei et al., 2020, 2019a), where 1 corresponds to ‘Not Important’
or ‘Very unimportant’, 2 to ‘Not very important’, 3 to ‘Important’, 4 to
‘Very important’” and 5 to ‘Critical or Extremely important’. The spe-
cialists responded in reference to the set of countries by direct
communication (e-mail and/or telephone call), leaving a written record
(paper or MS-Word digital document) or using a web form (Google
Forms). Responses were received between February and May 2020. The
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distribution by sector of the panel of experts who responded to the
questionnaires is presented in Table 1. Table 1
Compared to other studies, the 37 questionnaires received are Summary of panel of experts consulted.
considered sufficient for the analysis. As Osei-Kyei et al. (2019b, 2019a, Sector Number of experts Distribution (%)
2018) point out, by analysing their own results and other similar past Academia/Research 4 10.8%
studies, it is considered as a rule of thumb that the central limit theorem Consulting 17 45.9%
is valid for samples of not less than 30 questionnaires, and statistical Financial Institution 14 37.8%
Public Sector 2 5.4%

analysis is possible to obtain useful results.




J. Munoz-Jofre et al.
2.4. Data analysis and index construction

To analyse the data and highlighting the most important variables or
grouping them, techniques such as interview analysis (Osei-Kyei and
Chan, 2018), authors or experts’ experience (Osei-Kyei and Chan,
2017a), multi-decision-making technique AHP (Swamy et al., 2018; Yu
et al., 2018b), social network analysis based on graph and network
theories (Xiong et al., 2019), and mainly statistical and mathematical
methods are used (Ameyaw et al., 2017; Ameyaw and Chan, 2015a,
2015b; Cui et al., 2019; Mazher et al., 2018; Opawole et al., 2019;
Osei-Kyei et al., 2017, 2019a, 2019c; Osei-Kyei and Chan, 2017c, 2019;
Xu et al., 2010; Zhang et al., 2019).

Data analysis was performed with multivariate statistical tools, using
factor analysis (FA), which includes exploratory factor analysis (EFA)
and confirmatory factor analysis (CFA). Principal component analysis
(PCA) was also used. The FA methodology was chosen because it iden-
tifies the most important variables and relates them to the other vari-
ables (internal structure), assigns them a weight or importance that
allows them to be ordered, and can be easily transformed into an index
to meet the proposed objective. The methodology was compared with
other numerical valuation methods, especially with the analytical hi-
erarchical process (AHP), which is focused on ranking the variables by
importance. The AHP has been used by other researchers to compare
and assign a weight to each variable, which makes it possible to identify
the most important and order them, but it is not focused on determining
latent variables and requires a comparison by pairs of variables,
requiring more valuations from each expert than using a Likert scale,
lengthening the valuation phase. SPSS and Jamovi statistical software
were used in this phase.

To evaluate the convenience of developing a W&S PPP project, an
index was developed based on the CSFs identified. It is important to note
that this tool is to be used prior to a more precise analysis or imple-
mentation stage, such as Value for Money studies, their structuring, and
their preparation for a competitive selection process. The use of this
index for the screening analysis should be seen as a necessary condition
to check the suitability of the PPP model for a project, not as a sufficient
condition (Hinojosa et al., 2020).

The construction of the index based on the selected variables in-
volves the development of a mathematical model that represents in a
simplified form the phenomenon to be understood. For this, it is
important to construct a manageable model, that is, simple, objective
and applicable to different cases within the field of study. Therefore, its
construction implies reducing and/or grouping the 58 observed vari-
ables into a group of fewer variables, called factorial or latent variables.
In this sense, the EFA makes it possible to reduce the variables while
minimising the distortion that this process may cause, and facilitates the
management and interpretation of the data set (Costello and Osborne,
2005; Raykov and Marcoulides, 2008). In this research, the EFA was
used to group the variables that the experts have valued, generating 6
factors or latent variables that contain the most relevant elements in the
process of achieving success in PPPs in the W&S sector in LAC.

3. Results
3.1. Variable extraction

First, descriptive statistics were calculated and an initial EFA was
performed. The values of the sedimentation curve indicated that an
extraction of 18 variables could be performed. Because the calculation of
possibilities to identify the most relevant variables is too high, the PCA
method was used. For this purpose, different analyses were performed
by adjusting the rotation method (principal component analysis, un-
weighted least squares, generalised least squares, maximum likelihood,
principal axis factorization, alpha and image factorization) and the
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extraction method (parallel analysis, eigenvalues and number of fac-
tors). The PCA made it possible to generate twelve extraction models
with the variation of extraction and rotation methods (M1 to M12). On
the other hand, 4 more models were added, by means of an intuitive
selection of variables to compare the results and the final groupings,
which were named J1, J2, J3 and J4. All the variable ordering models
obtained were compared and models M2 and M9 were eliminated
because they were repeated.

The next step was to carry out a new EFA with the 14 models
generated and compare their characteristics and suitability to generate a
subset of final factors. Initial checks were carried out to apply the EFA on
the generated models. To this end, Cronbach’s Alpha, Kaiser-Meyer
Olkin (KMO) and Bartlett’s sphericity parameters were analysed. The
recommended values for this type of study are: Cronbach’s alpha >0.70,
KMO >0.6, and Bartlett’s sphericity <0.05 (Li et al., 2019). Through this
analysis, models M6, M8 and M11 are discarded.

3.2. Model comparison

The next step of the analysis was to repeat the EFA with the variable
clustering models. In this step, an analysis was carried out by selecting 3
variable extraction methods (minimum residual, maximum likelihood,
and principal axis) and 3 factor reduction methods (parallel, eigenvalues
and selection of a fixed number of factors selected by the researcher).
Usually in the scientific literature, extraction of between 3 and 9 factors
are observed (Ameyaw and Chan, 2015b; Dithebe et al., 2019; Mousa-
vizade and Shakibazad, 2019). For this study, analysis using between 3
and 8 variables was performed to observe the behavior of each model.
By applying the EFA, the total variance explained (TVE) corresponding
to each grouping of selected variables was obtained for each model.

It was observed that the M4 model (18 variables obtained with PCA)
shows the highest total variance explained regardless of the number of
factors we tested, from 3 up to 8 (Fig. 3). Therefore, the M4 model was
selected as the most appropriate, with a Cronbach’s alpha of 0.830, a
KMO of 0.603, a Bartlett’s sphericity <0.001.

3.3. Number of factors

Before identifying the level of total variance explained, the factor
groupings made by the combination of each available extraction and
rotation methods were analysed for the number of factors that could be
of interest (values of total variance explained between 66.1 and 76.9%).
It was observed that the structure of the model with 6 factors with
principal axis extraction method and varimax rotation offers a more
coherent, logical and clear grouping. This ordering model offers a total
variance explained, within the set of 18 variables, of 69.8%.

3.4. Confirmatory factor analysis (CFA)

The main interest of the CFA lies in examining the pattern of re-
lationships between the factors amongst themselves, as well as between
them and the observed variables. The use of CFA seeks to determine
whether the 6 factors (or latent variables) obtained by applying the EFA
in the previous stage can be explained through covariances or correla-
tions with the 18 observed variables that they group together. By means
of this technique, the observed variables are modeled as linear combi-
nations of those 6 factors, and these in turn are associated with error
expressions. The CFA provides as a result an overall confidence level to
check the correspondence of the set. As its name indicates, the CFA is
aimed at confirming the structure initially proposed in the EFA and uses
the structural equation technique for parameter estimation, goodness-
of-fit and predictions (Batista and Coenders, 2000; Bollen and Curran,
2005; Byrne, 2009; Jak, 2015).

The CFA was carried out on a sample of 337 observations generated
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from the parametric bootstrap resampling technique (Efron, 1979), should converge to a normal probability distribution (central limit
which is based on generating random samples from the observations theorem). From the initial analysis of the CFA and observing the results
made and taking into account that the means of each sample generated of the initial PCA of the 18 selected variables, it was determined that
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Fig. 4. Latent variables model obtained from CFA.



J. Munoz-Jofre et al.

Journal of Environmental Management 335 (2023) 117564

Table 2
Coefficients of each variable.
Factor Measured variable Coef. Standard error  Confidence interval Z-Test P
(95%)
Lower Higher

1. CERTAINTY P45. Legal framework favourable to the PPP model) 0.1095  0.0464 0.01847 0.2 2.36 0.018
P46. Dispute resolution mechanisms and contractual modifications” 0.1456  0.0502 0.0472 0.244 2.9 0.004
P47. Independence of the W&S sector regulator” 0.1836  0.0552 0.07547 0.292 3.33 <0.001
P26. Enabling economic environment 0.0688  0.0516 —0.0323 0.17 1.33 0.182
P49. Transparency and accountability” 0.1999  0.059 0.08428 0.316 3.39 <0.001

2. ATTRACTION P48. Competition in the bidding process 0.1775  0.1203 —0.05841  0.413 1.47 0.14
P54. Integration of functions (bundling) 0.2111  0.1387 —0.06065  0.483 1.52 0.128

3. CONVENIENCE P29. Financial cost 0.0926  0.0593 —0.02359  0.209 1.56 0.118
P4. Reduction of social inequality in access to W&S services” 0.2418  0.082 0.08113 0.402 2.95 0.003
P5. Reduction of territorial inequality in access to W&S services” 0.2803  0.0889 0.106 0.455 3.15 0.002
P6. Impact on employment® 0.3056  0.0739 0.16071 0.451 4.13 <0.001

4. PERFORMANCE  P53. Risk transfer and management” 0.2024  0.0651 0.0749 0.33 3.11 0.002
P3. Positive impact of the project on W&S service coverage and/or continuity”  0.1708  0.0571 0.0589 0.283 2.99 0.003

5. LEADERSHIP P39. Social rejection of the PPP model” 0.229 0.0963 0.04026 0.418 2.38 0.017
P44. Institutional cohesion (join-up)® 0.2337  0.1047 0.02841 0.439 2.23 0.026

6. RELIABILITY P50. Change in laws, regulations and norms” 0.1177  0.0551 0.00963 0.226 213 0.033
P52. Innovations and private sector know-how" 0.1939  0.087 0.02347 0.364 2.23 0.026

2 Confidence level >95%.

variable P32 (Impact on public finances) is the least important variable
in the description of the original variance. The new structural model
generated is shown in Fig. 4, together with the coefficients obtained in
the CFA in Table 2. Therefore, considering the model’s association logic
and the error associated with each variable, we proceeded to reformu-
late the initial model with 17 variables grouped into 6 categories,
obtaining better results in the set adjustment measures. Table 3 shows
the estimates of the regression weights (coefficients). In general, the
results obtained are considered to be within the statistically acceptable
range.

The y2 (chi-squared) test shows a value of 94.6 (p = 0.734) and the
values obtained for the fit indices of the CFA performed are detailed in
Table 3, indicating the reference level for each measure and its partial
evaluation.

Therefore, regarding the fit indices obtained, it is considered that the
proposed model, with 17 variables grouped into 6 factors, fits
adequately.

3.5. Selectivity index (SI)

In general, indices are used to explain a concept or construct in terms
of a group of variables. A linear and additive approach, previously used
by other authors (Chen et al., 2019; Hu et al., 2016; Lam et al., 2008;
Yeung et al., 2009) was used to develop the Selectivity Index, because it
is easy and simple to understand due to it being based on a linear
equation. To better understand the relative activity of variables, to
obtain a robust linear model and to give guarantees of reliability, the
coefficients of each variable are normalized (Osei-Kyei et al., 2020;
Osei-Kyei and Chan, 2017b), in this case so that their sum is 100
(Table 4). The developed model is expressed as follows:

M= Za,F,-+e 6
i=1

where.

M: Correlation model of variables

SI = (0.2236 * CERTAINTY) + (0.1228 * ATTRACTION) + (0.2909 * CONVENIENCE) + (0.1180 * PERFORMANCE) + (0.1462 * LEADERSHIP)

+ (0.0985 * RELIABILITY)

Table 3
Confirmatory factor analysis fit indices.

Index Value Reference level Evaluation (%)
x2/df 0.91 <3 Acceptable
CFI 1.00 >0.90 Acceptable
TLI 1.20 >0.90 Acceptable
SRMR 0.0389 <0.05 Acceptable
RMSEA 0.00 <0.05 Acceptable
RMSEA 90% lower 0.00 - -

RMSEA 90% higher 0.0217 - -

# Comparison values according to (Byrne, 2009).

a;: Factor loading of the factor F;
F;: Factor or latent variable i

Based on the CFA and in order to establish the correspondences be-
tween the variables and the factors (latent variables), the following
structural model of the Index is presented.

SI= Zy,-Fj + ¢ therefore F; = Zé’l-jx,- + U; (2)

j=1 j=1
where.

SI: Selectivity index

7;: Factorial loading of factor F; .

F;: Factor or latent variable j (1-6).
¢+ Loading of variable i on factor j.
X;: Value assigned to variable i (1-17).
¢, U: Measurement error

Subsequently, with the 17 coefficients presented in Table 2, a
normalization of each variable and each factor was performed to obtain
the weight of each one. The results are shown in Table 4.

Thus, the SI equation is expressed as follows:

3
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Table 4
Weight of selected variables and factors.

Journal of Environmental Management 335 (2023) 117564

Factor Variable Variable weight Factor weight

1. CERTAINTY P45, Legal framework favourable to the PPP model 3.46% 22.36%
P46. Dispute resolution mechanisms and contractual modifications 4.60%
P47. Independence of the W&S sector regulator 5.80%
P26. Enabling economic environment 2.17%
P49. Transparency and accountability 6.33%

2. ATTRACTION P48. Competition in the bidding process 5.61% 12.28%
P54. Integration of functions (bundling) 6.67%

3. CONVENIENCE P29. Financial cost 2.93% 29.09%
P4. Reduction of social inequality in access to W&S services 7.64%
P5. Reduction of territorial inequality in access to W&S services 8.86%
P6. Impact on employment 9.66%

4. PERFORMANCE P53. Risk transfer and management 6.40% 11.80%
P3. Positive impact of the project on W&S service coverage and/or continuity 5.40%

5. LEADERSHIP P39. Social rejection of the PPP model 7.24% 14.62%
P44. Institutional cohesion (join-up) 7.39%

6. RELIABILITY P50. Change in laws, regulations and norms 3.72% 9.85%
P52. Innovations and private sector know-how 6.13%

4. Discussion
4.1. Definition of factors

The factors obtained are described below. It should be noted that in
each case emphasis is placed on the variables with the greatest strength,
but evidently there are correlations of lesser weight present in the
structure of dependencies that have been discarded to simplify the un-
derstanding and management of the set.

e Factor 1. CERTAINTY.

This factor is defined as the degree of economic and legal precision
offered by the investment environment for private investors wishing to
participate in a W&S project. This factor includes variables related to the
way in which the specific legal norms on which a W&S PPP project must
be developed are defined (laws, regulations, and other lower hierarchy
norms), providing stability and clarity for the operation of the project
under this model. The concept of legal certainty in the PPP model ap-
plies to both the rules and the criteria used to regulate the parties
involved (public and private). It is evident that a specific, stable, and
clear legal framework, as well as procedural guidelines and dedicated
units for PPP type projects allow for a better understanding of the
evaluation criteria, and prediction and assessment of the procedures
applicable during the project cycle, especially where the public sector is
accustomed to procedures for traditional public work projects. In this
regard, Ameyaw et al. (2017) highlights the importance of enabling
policies and legal frameworks for water supply PPP projects, and Zhang
etal. (2019) describes it in the maturity of laws and regulations. It is also
necessary to have mechanisms to resolve conflicts or adapt contracts to
new conditions, as pointed out by Tariq et al. (2019) or Dithebe et al.
(2019) within the public cooperation factor, reducing the chances of a
breakdown of relations between the parties involved in a PPP contract,
which could jeopardize the achievement of the objectives and goals set.
Furthermore, to maintain a good relationship, both between the project
stakeholders and with the society, it is necessary to ensure clear pro-
cedures, where decision making is done in an objective, open and
justified manner, allowing for access to regularly generated information.
In Tariq et al. (2019), the relevance of the lack of transparency as a risk
element for this type of projects is indicated. Transparency, together
with institutional independence are very relevant within legal certainty,
since the regulatory body must act in accordance with previously
established regulations and guidelines without arbitrarily supporting
any of the parties involved. Such independence implies that the con-
tracting party can make decisions based on sectoral objectives, which is
linked to its own capabilities (resources, competences, etc.), which are

highlighted within the most relevant variables in Ameyaw et al. (2017),
Swamy et al. (2018) and Tariq et al. (2019). The factor also includes
economic certainty, which is related to a favourable economic envi-
ronment (low inflation, low interest rates, low unemployment rate, low
default indicators, etc.) and stable macroeconomic conditions (growth
rate, strength and stability in the exchange rate, stock market, etc.),
which can make private investment less interesting in periods of finan-
cial crisis or force majeure.

e Factor 2. ATTRACTION.

This factor is defined as the interest caused by the structuring of the
project to involve a reasonable number of stakeholders so that the se-
lection process to provide the W&S service is competitive. This factor
relates the structure variables and the project selection process. To in-
crease the chances of success, it is necessary for the project structure to
be properly designed to optimize its management, with aspects such as
the integration of functions and coordination of operations being
fundamental, especially if this type of project is in a broader manage-
ment system (integrated water cycle). These variables were also iden-
tified by different authors (Li et al., 2019; Swamy et al., 2018; Zhang
et al., 2019). If such structuring is interesting enough to attract a
considerable number of candidates, the selection process will have more
alternatives to choose from and more competitiveness in terms of price,
quality, innovation and expected results.

e Factor 3. CONVENIENCE.

This factor is defined as the expected social impact of the project in
terms of reducing social inequalities by adequately using the project’s
resources. It integrates the variables that relate the cost of financing with
the socioeconomic impact that a W&S project may have, seeking to
reduce social inequalities in access to services (including aspects such as
the adequacy of tariff and subsidy policies) and in their territorial dis-
tribution (peripheral neighbourhoods, less populated cities, decentral-
ised territories, etc.). Regarding the cost of financing, Zhang (2005b)
highlights financial soundness as a CSF, and in the literature review by
Yu et al. (2018a), it is also highlighted in transnational PPP projects.
However, it is important to note that Zhang et al. (2019) does not
consider financing and operational risks as critical, as their observations
in China give more importance to the financial market situation and the
availability of financial instruments for decades, so that the cost of
financing should be a variable to be studied in less economically stable
countries. On the other hand, tariff aspects are identified as relevant
factors in Swamy et al. (2018) and Tariq et al. (2019) in supply services
in India (‘reasonable water tariffs’ and ‘high tariffs’), and inequality in



J. Munoz-Jofre et al.

service access can be found indirectly in variables such as the level of
water theft, identified in Ameyaw and Chan (2016, 2015b) and Tariq
et al. (2019). The factor also includes the importance of the positively
impacting economic activity and employment generation that this type
of project has, considering an appropriate use of available economic
resources. It is understood, therefore, that the success of a W&S PPP
project must have tangible benefits for society, reducing gaps in access
to services and generating economic activity.

e Factor 4. PERFORMANCE.

This factor is defined as the W&S service operator’s capacity to
manage resources adequately and convert them into favourable results
for the parties involved (generate value). It integrates variables related
to the management of W&S service risks and the expected results in
terms of growth and quality, expressed in terms of coverage and conti-
nuity. The factor highlights the importance of being able to transfer to
the private sector a substantial amount of the risks that it will have to
manage adequately, mainly by limiting cost and time overruns. In this
sense, Meng et al. (2011) identifies the importance of better manage-
ment of economic aspects and reduction of the main cost overruns and
delays. Also, Ameyaw et al. (2017) highlights the importance of good
contract design, and generally, other authors analyse the factors under
this perspective of risks and their management (Ameyaw and Chan,
2015a, 2015b, 2016a; Tariq et al., 2019; Zhang et al., 2019). Successful
risk management is linked to the direct benefits expected from the ser-
vice, expressed primarily on the quality and coverage of the service,
which is related to engineering aspects pointed out in Li et al. (2019) or
the technical performance provided by the private sector (Tariq et al.,
2019).

e Factor 5. LEADERSHIP.

This factor is defined as the capacity of the public sector to manage
citizen, state, and business interests in a balanced manner, in order to
obtain a good performance during the development of the project. This
factor includes variables such as the public acceptance of the W&S
projects operating under the PPP model and the institutional cohesion
between the different agencies involved throughout the duration of the
project. In this sense, Ameyaw et al. (2017), Swamy et al. (2018) and
Tariq et al. (2019) highlight the importance of public acceptance of the
PPP model for its proper development, since the social pressure of the
various interest groups that support or reject the project will end up
influencing the political power, in some cases affecting the criteria with
which sectoral decisions are made, with direct consequences for the
development of the project. It is important that the political and tech-
nical actors in the public sector are coordinated and aligned within the
framework established by the plans and programs already in place. In
this sense Dithebe et al. (2019) and Meng et al. (2011) consider public
cooperation and internal government coordination relevant, and polit-
ical interference is highlighted in Ameyaw and Chan (2016, 2015b). To
ensure smooth project development, it is necessary to provide stability
and consistency in regulation and public policies in the sector, which is
also highlighted in Tariq et al. (2019) and Zhang et al. (2019).

e Factor 6. RELIABILITY

This factor is defined as the level of credibility offered by each of the
parties (public and private) to meet the expectations generated in a
contractual relationship, particularly in regard to legal stability and
good technical performance during the development of the project.
From the private point of view, it is expected that there is a legal stability
that allows predicting an investment scenario with lower risks in this
sense, preventing sudden changes in the applicable rules. Variables
related to such stability are highlighted within the most important in
Ameyaw and Chan (2015a), Dithebe et al. (2019), Tariq et al. (2019)

Journal of Environmental Management 335 (2023) 117564

and Zhang et al. (2019). On the other hand, the reliability of the private
part is reflected in improved operational management, allowing more
efficient designs, procedures and technologies to be incorporated into
the project. Such added value is also highlighted in Li et al. (2019) and
Mousavizade and Shakibazad (2019) and can be interpreted from the
risk analysis in Ameyaw and Chan (2015a) and Tariq et al. (2019).

4.2. Index application

The SI is a tool to evaluate at an early stage the convenience of
developing a project in the W&S sector through the PPP model in the
Latin American and Caribbean region.

First of all, the 17 variables presented in Table 2 should be assessed,
for which it is recommended to organize a workshop with sector spe-
cialists, allowing participants to speak and share their opinions about
each variable freely, and reach an agreement regarding their impor-
tance. For the workshop to correctly work, some minimal elements are
required: the number of participants should be small (between 8 and
12), with knowledge about the project, experience in projects assess-
ment and evaluation, and/or have competences in the public pro-
curements process. A moderator experienced in group management and
a person in charge of the workshop’s record are strongly advised. It is
also encouraged to carry out an initial presentation of the workshop and
the evaluation method (SI), as well as a technical presentation for each
project before its evaluation, and clearly establishing the value assign-
ment (one by one or by vote). In addition, it is recommended to consider
the distribution in the room, time schedules and the elaboration of a
final report. It is recommended to use the Likert scale (between 1 and 5),
assigning a value of 1 to the most unfavourable situation in a PPP project
and 5 to the most favourable situation, and it is essential that all 17
factors be evaluated. The values obtained through structured question-
naires should be processed and input into the model presented. For the
use of variable and factor weights, the components of the structural
factor matrix and total variances have been normalized (see Table 4).

To interpret the resulting SI, an evaluation scale is proposed. The
results of the assessments can be interpreted from the ranges of values
that define a low, medium or high level of selectivity, presented in
Table 5.

However, it is necessary to carry out a sensitivity analysis to evaluate
the SI dependence on the variables, to understand the relevance that
errors coming from the initial assessment or from the factorial model
itself may have. This analysis is also useful to identify and pre-design
measures to reduce the risks on the variable (mitigation) and on the
success of the project as a whole.

4.3. Comments and findings

Initially, through a simple mean value analysis of the questionnaires,
it was observed that the top-five variables included the attractiveness of
the project for the private and financial sectors, the legal framework
favourable to the PPP model, the political commitment to the PPP model
in the W&S sector, the change in laws, regulations and norms, and

Table 5
Evaluation of the selectivity index (SI).
RESULTS SI INTERPRETATION
Range
Low 1to25 The PPP model is not recommended for the W&S project.

Medium 2.5to The PPP model is not recommended for the W&S project in
3.5 the situation observed. However, it is suggested to analyse
the feasibility of applying the mitigation measures
identified during the analysis and reconsider the results of
the SI.
The PPP model is recommended for the W&S project. It is
suggested to apply the mitigation measures identified
during the analysis.

High 35t05
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transparency and accountability. However, the observable variables
with more weight in the factor analysis are the impact on employment
(P6), reduction of territorial inequality in access to W&S services (P5),
reduction of social inequality in access to W&S services (P4), institu-
tional cohesion (P44), and social rejection of PPPs (P39).

It should be noted that the model shown in Fig. 4 was developed
based on a construct proposed by the research team. In the AFE, the
number of variables (18) was obtained by PCA and their total variance
explained (Fig. 3). However, in the AFC, the authors propose different
hypotheses on how to group these 18 variables. The models presented in
11 investigations (Ameyaw et al., 2017; Ameyaw and Chan, 2015a,
2015b, 2016b; Dithebe et al., 2019; Li et al., 2019; Meng et al., 2011;
Mousavizade and Shakibazad, 2019; Swamy et al., 2018; Tariq et al.,
2019; Zhang et al., 2019) served to compare the initial construct pro-
posed, but the conditions, the observable variables and the methods of
analysis are independent in each research. On the other hand, the
number of factors in the literature is between 3 and 9. However, 3 fac-
tors was considered to be too general, and 9 factors made it very difficult
to understand the model. Therefore, different hypotheses were tested,
obtaining the model presented in Fig. 4, which complies with the fit
indices. After quantifying, testing and confirming the model the factors
were named and defined, as well as compared with the results of other
research.

The CSFs model has been compared with other models (Budayan,
2018; Chan et al., 2010; Liu et al., 2014; Shi et al., 2016) for generic PPP
projects (water, electricity, transportation, ...), and the CSFs are similar,
but not the same. An important difference is that the other models give
more importance to the characteristics and conditions in which the
projects are developed (economics, politics, management, ...), and little
to no importance to the social impact of the project as the CSFs model
presented (differences in access to the service, territorial differences,
impact on employment, ...). It is therefore necessary to analyse them
separately.

On the other hand, the CSFs model has also been compared with
other models applied to supply and sanitation services (Ameyaw et al.,
2017; Ameyaw and Chan, 2015b; Dithebe et al., 2019; Li et al., 2019;
Meng et al., 2011; Swamy et al., 2018; Tariq et al., 2019; Tariq and
Zhang, 2021; Zhang et al., 2019) and it has been observed that the
factors are similar, but do not have the same importance, which in-
fluences the weighting to select projects. It is also observed that the
proposed model gives importance to stability aspects (legal, trust be-
tween the parties, public sector leadership), which is possibly motivated
by political/economic changes taking place in LAC in past years. It is
also observed that the model presented gives more importance to the
effects of the project on society (social and territorial inequalities,
employment generation, ...), and that environmental variables are not
yet given great importance, possibly because they are studied at later
stages.

Risk transfer and management (P53) is a very important variable for
any type of PPP project. On its own, this variable has the seventh highest
weight within the set (Table 4), but the factor that contains it (Perfor-
mance) is in position 5 out of 6. One would expect this variable to have a
higher weight (coefficient) because it is a fundamental element in
establishing the public guarantees necessary for the success of any PPP
contract. However, its weight is not low and is possibly outweighed by
the other variables (stability aspects and effects of the project on society)
due to the need for this type of services (W&S) for the development of
LAC. For this reason, it would be interesting to carry out similar research
in the region to compare if the risk transfer and management variable is
more relevant in countries with higher W&S coverage.

4.4. Analysis limitations
A limitation to be taken into account in the use of the SI is the bias of

the evaluation team. Therefore, it is very important to have specialists
with extensive experience in the development of W&S projects, with
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knowledge of the administrative processes of the implementation site
and the operation of the PPP model, as well as the ability to analyse local
characteristics, mainly corresponding to political, economic and social
aspects. Likewise, to increase the degree of certainty during the process
of comparing alternatives, it is necessary for the evaluation team to have
reliable information at their disposal to carry out their work objectively.

One of the recurring limitations during the use of the CFA is to make
an adequate proposal of the names of each set of variables, since the user
could move away from the factors’ definition, using their own criteria
instead, or giving greater importance to variables that do not have so
much weight in the set. Therefore, it is advisable to always reference the
variables involved in the definition of each factor.

The reference values for the evaluation of the SI are based on the
research team’s experience in different PPP projects developed in LAC.
However, it is necessary to consider possible adjustments to the pro-
posed levels as know-how and dissemination of this specific type of
project increases.

5. Conclusions

In the countries of the Latin American and Caribbean region, the
development of W&S projects is very necessary to meet the Sustainable
Development Goals. An alternative to accelerate the achievement of
these goals is the participation of the private sector in this type of ser-
vices. To facilitate project selection processes during early stages, this
work has developed an analysis tool that allows evaluate the suitability
of this projects with a small number of variables.

In this work, an extensive search of scientific publications and
bibliographic analysis of the 28 selected references was carried out,
highlighting the fact that publications of this type in the W&S sector are
few and that no references were found in indexed journals for the region
under study. The processes of grouping and analysing the variables
potentially applicable to the study area indicate that there is a great
diversity of denominations to refer to the same variables. On the other
hand, the studies reviewed analyse these variables fundamentally from
the perspective of success factors or risk factors.

Statistical analysis of the results, using exploratory factor analysis,
principal component analysis and confirmatory factor analysis tech-
niques, identified the 17 most relevant variables out of the initially
proposed set. These variables, grouped into 6 factors, facilitated the
development of a selectivity model to evaluate the potential success of
the type of projects proposed.

The six factors found, ordered from highest to lowest weight within
the SI, were: Convenience, Certainty, Leadership, Attraction, Perfor-
mance and Reliability. Compared to other CSFs models in non-W&S
projects, the ‘Convenience’ factor makes a relevant difference. In models
related to W&S projects this factor is considered, but not with the same
importance. In addition, this factor has fewer bibliographical references
than the rest. Its inclusion within the selectivity index makes a difference
and enriches the analysis of the potential success of this type of project,
since it forces us to consider elements such as social and territorial
equality, and the impact of the project on employment.

A greater weight of factors related to stability (certainty, leadership
and reliability) was also observed, possibly due to regional character-
istics and political/economic changes in LAC in recent decades. On the
other hand, the environmental variables are not yet considered among
the most important.

The selectivity index has been developed based on the multi-criteria
matrix method, and weighting for each of the variables that make up the
critical success factors is provided, thus making it possible to meet the
initial objective of developing a tool based on these factors that allows in
early stages for evaluation of the convenience of developing a PPP
project for W&S in urban areas of Latin America and the Caribbean.

To use the selectivity index, it is recommended that a project selec-
tion workshop be held, in which experts in the area with sufficient ca-
pacity (experience, knowledge, objectivity and understanding of the
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problem) should participate and have sufficient and reliable information
to carry out their work adequately. On the other hand, the process of
analysis of the variables, which includes the description, understanding
and group evaluation of the critical success factors, facilitates unifying
the criteria of different experts to identify and evaluate significant risks.
This research contributes to the development of knowledge of the
sector by applying analytical and statistical tools based on the identifi-
cation and analysis of variables found in the scientific literature and in
the review of cases in Latin America and the Caribbean. On the other
hand, it contributes to the governance of the sector and to the analysis
for the design of public policies, and in particular to the management of
W&S services in Latin America and the Caribbean through the identifi-
cation of critical success factors and the development of a practical
method for the evaluation of alternatives. In addition, this study con-
tributes to the international scientific and academic discussion of the
most relevant elements that contribute to the success of W&S public-
private partnership projects in Latin America and the Caribbean.
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