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Abstract: This study uses the fuzzy analytical hierarchy process (FAHP) method to prioritize con-
tracting methods to determine the most suitable contract option for water and wastewater projects
(WWP). Content analysis, a two-round Delphi survey technique, and a series of validation and
reliability tests helped establish the 18 key criteria for FAHP analysis. Consequently, data collected
from experts through a pairwise comparison questionnaire form the basis for the inputs for the FAHP
analysis. Consequently, the final weightings were derived for each of the key criteria and available
contracting methods. The results indicate that the bilateral, cooperative, and trilateral contracting
methods are the most suitable for WWP in Iran, with the highest weighting. The study provides
useful guidance for the top management of project firms in selecting the optimal contracting method
for their projects and offers significant contributions from theoretical and practical perspectives.
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1. Introduction

The development of infrastructure projects in the water and wastewater industry is
one of the essential sectors for developing countries to achieve sustainable development [1].
The main characteristics that distinguish these projects from other types of projects include
considerable financial needs, a high level of science and technology, the need for extensive
technical knowledge, a high workload, and the time-consuming nature of these projects [2].
Therefore, considering these features, it is imperative to choose the appropriate method to
provide and implement this category of projects, and making a mistake in this regard will
cause irreparable costs and losses.

The selection of the type of contract is one of the most critical decisions in any
project [3], as it plays a vital role in the ultimate success of the project [4]. Poor choice
can lead to confusion and misunderstandings among key personnel and increase the
chances of failure [5]. Various types of contracts are designed for use in different projects;
therefore, factors and criteria specific to the project must be considered when selecting
the appropriate contract method for projects. A precise and appropriate selection of the
type of contract can help counterbalance the risks of the project, making it one of the most
important decisions in any project [6,7]. Therefore, adopting an appropriate policy in the
decision-making process regarding development projects is critical, and the development
of support systems and tools for decision-making can be of great help to implementers.
There are many factors that contracting parties should consider when selecting the type of
contract. Emerging global environmental problems force us to evaluate a contract for the
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water and wastewater project (WWP) not only in terms of price and quality. Wastewater
treatment processes, such as effluent discharge and indirect emissions resulting from energy
or chemical production, also negatively affect the environment [8]. The treatment of water
and wastewater must become functional, appropriate, and sustainable [9,10]. Treatment of
wastewater is an important part of the water cycle that allows sanitation and reuse of water,
facilitates energy generation, and allows the recovery of waste products [11,12]. Sustain-
able wastewater treatment is a viable option to address the challenges of energy shortage,
resource depletion, and environmental pollution [13]. The application of multi-criteria
decision-making (MCDM) tools could help decision-makers consider the sustainability,
affordability, reliability, and functionality of water and wastewater systems [14-17].

Construction projects are often carried out in a complex and uncertain environment
where different stakeholders have different priorities and perceptions. Hence, previous
studies have adopted some multi-criteria decision-making techniques to aid project teams
with their decision-making processes. For example, Camci and Cimen [18] for the selection
of the most appropriate construction contract type used a spherical fuzzy analytic hierar-
chy process (AHP) method. The spherical fuzzy version of AHP was chosen because it
can comprehensively address the hesitancy hidden in the preferences of decision-makers.
Taylan et al. [19] integrated contractor selection approaches for the formulation of decision
problems using fuzzy and crisp data. The fuzzy AHP approach was used to determine
the weights of the criteria and the fuzzy TOPSIS method was used to assess the contrac-
tor’s performance.

Project risk management has a significant impact on project performance because the
identification and handling of uncertainties increases productivity in terms of cost, time,
scope, and quality. Faraji et al. [20] introduced a novel approach to solve the contract selec-
tion problem in the context of drilling projects. Consequently, a generic list of prospective
risks was structured and a risk-BWM based model was proposed to solve the original
problem of contract selection.

The duration of the project, the total cost of the project, and the quality of performance
are considered one of the main factors that affect the choice of contract methods by clients
and contractors in construction projects [21-23]. Budayan et al. [24] identified and priori-
tized key performance indicators (KPIs) that can be used to evaluate the performance of
build-operate-transfer (BOT) projects using the Technique for Preference by Similarity to
Ideal Solution (TOPSIS). Similarly, quality-related KPIs were determined to be among the
most important KPIs in this study.

To ensure that the construction project will be completed successfully in terms of the
scope, time, cost, and quality of the project, the client must select the most appropriate
contractor. According to Sarvari et al. [25], capabilities such as new technologies, the use
of previous experiences, knowledgeable teams, and the selection of suitable contractors
are among the most important success factors in construction projects. Marovi¢ et al. [26]
proposed a decision support concept to select the optimal contractor. The proposed concept
is based on the synergistic effect of the AHP and PROMETHEE methods, each applied
at different stages of the procurement procedure. Different types of criteria were ranked,
but from the client’s point of view, the three most important criteria were defined as costs
throughout the life cycle, quality, and price of the offer. Oyatoye and Odulana [27] proposed
a prototype system for the selection of contractors based on the AHP methodology. This
decision support tool can help the decision-maker in selecting the most qualified contractor.

According to Hosseini et al. [18], the use of the appropriate project delivery method
is one of the key factors in achieving project objectives and project success. Culp [28]
compared traditional and alternative project delivery methods in terms of their effects on
quality, schedule, and costs in water and wastewater treatment projects. Project delivery
methods such as traditional design-bid-build (DBB) and alternative project delivery meth-
ods of design-build (DB), design-build-operate (DBO), and design-build-finance-operate
(DBFO) were discussed. Finally, conclusions were reached that alternative project delivery
methods can save time and money while providing equal or superior project quality when
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applied appropriately to water and wastewater treatment projects. Godfrey et al. [29]
analyzed various contractual arrangements to improve the functionality of urban water
services in Ethiopia. Therefore, the differences and rationale of the build-capacity build-
transfer (BCBT) and the build-operate-transfer (BOT) contractual agreements were outlined.
To assess the effectiveness of BCBT, the fuzzy logic concept was applied. The results re-
vealed that BCBT is an effective contracting modality that should be accompanied by
appropriate behavior change and social mobilization outreach to maximize the extension
and performance of water supply systems. Roustaei [30] examined the design and build
contracts to be adopted by a Tabriz water and wastewater company using the AHP method.
The build-own-operate (BOO) contract received the lowest priority. On the contrary, other
alternatives, such as the design-build-operate-transfer (DBOT), build-own-operate-transfer
(BOOT), and build-operate-transfer (BOT) contracts, were prioritized in descending order.

Various multi-criteria decision analysis (MCDA) methods are proposed and adopted
by researchers to support contracting decisions. Given the above review of the existing
literature, it is evident that previous studies are limited to identifying and investigating
project success factors, and it is evident that the selection of the appropriate contract
method is critical to the success of any project. Therefore, the current study aims to develop
a contract selection model to help decision-makers determine the most suitable contract
methods for WWP. In addition, in the study, an advanced MCDM technique (the FAHP
method) was adopted.

Water and wastewater companies in Iran often use the trilateral approach to contract.
Therefore, to achieve the aim of the study, the criteria that affect the selection of the contract
for water and wastewater projects were identified from the existing literature [30-34].
Furthermore, the Delphi technique [35-37] was used to define and match the identified
criteria based on existing literature in the Iranian context. Finally, the FAHP method was
applied to the identified criteria, which were categorized into five different groups, and to
rank the four types of contracts used for WWP in Iran.

2. Contracting Methods for Projects

Each type of contract has distinct benefits and drawbacks, and the best choice is
governed by the specific requirements of the project. Identifying the appropriate contract
criteria that have a favorable influence on the successful implementation and completion
of wastewater collection and disposal projects is critical to help project decision makers,
such as clients and contractors [30]. Various studies have been conducted in this regard,
the content of which clarifies the current contract methods used in infrastructure projects.
For example, Roustaei [30] conducted a study to identify, categorize, and suggest the best
possible methods to select initial documents without ambiguity and to reduce cost and
project time by investigating urban wastewater projects in Iran. The study suggested a
contract method for these projects by interviewing managers and other executive partners
involved in urban wastewater projects and employing an applied approach, based on the
objectives of the study. Twelve projects were investigated for a total value of 180 billion
Iranian rials and were implemented by the Tabriz Water and Wastewater Company. Con-
straints of government projects require to use various contract methods for delivery. The
results showed that the suggested priority included the BOT, BOOT, and DBOT contracts.
The type and location of implementation of the project is essential to attract investments,
and the city of Tabriz, due to its proximity to the Turkish border and its strong relations
with them, is the target of various investments in urban projects.

Rezaei et al. [34] investigated various contracts used by water and wastewater com-
panies and selected the best contract method based on the characteristics of the project.
Structured interviews were conducted in the two fields of wastewater network construction
and water treatment plant construction to identify the factors that influence the selection of
contracts and the ultimate success or failure of these projects. The contract methods for a
water and wastewater company were ranked using SAW (simple additive weighting) and
TOPSIS techniques. Prioritization results showed that a domestic financial contract is the
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best type of contract for the construction of wastewater networks. For the construction of a
water treatment plant, engineering-procurement-construction-finance (EPCF), BOT, and
reciprocal contracts have the best and similar scores. Sajedi and Hamze [33] identified and
evaluated the risks of trilateral contracts for urban wastewater projects in Ahwaz. They
used descriptive field studies and expert opinions to optimize risk for important wastewa-
ter projects to identify risks recognized by contract parties (employers and contractors).
The resulting matrix can be used as an inseparable part of the trilateral contracts used in
Ahwaz urban wastewater projects, to prevent legal claims and conflicts resulting from
inaccurate risk allocation.

Amiri and Movaed [38] investigated the advantages of EPC contracts and their role in
water and wastewater projects. Their study provides a general description of EPC contracts
while investigating the use of this type of contract in WWP. According to the general
definition, EPC contracts include three main components: engineering, procurement, and
construction. This means that proper management, timely completion, cost prediction,
and risk assessment are critical to the success of EPC projects. The main characteristics
of EPC contracts are reduced implementation time and increased project gains, which
helps them increase their adoption rate. Mahdavi et al. [31] investigated the financing of
the design and construction of WWPs. Their study explained the financing and project
implementation methods and considered the advantages and disadvantages of each. Then,
after considering the economic situation of the country, sanctions, and the emphasis on
internal products and investments, they attempted to provide an innovative approach to
financing, using investments from the private sector and a combination of various methods.
In the proposed approach, the private sector develops water and wastewater networks
using private financing and uses the utilities until the investment has been recouped and
the necessary gains are achieved. The new financing methods help to increase the speed
of WWPs.

Abbaszedeh et al. [39] investigated various challenges of cooperative water and
wastewater projects, using criteria evaluation and contract details. They also provided a
model for decision-making that results in attracting private sector investors to the projects.
The study showed that factors related to employers play the most crucial role in the
decisions of large contracts. Therefore, it can be concluded that employer obligations and
cooperation with contractors can result in mutual satisfaction and eventual success of
these projects.

The criteria for assigning contracts to contractors in projects of water and wastew-
ater companies were investigated by Merati and Nili [32]. They provided a review of
the literature on contractor selection for various projects, identified the best contractor
selection criteria for water and wastewater companies, and provided a conceptual model.
Fakhari [40] proposed a project management system based on the high score of some con-
tracts. As shown in Table 1, based on the review of the existing literature on infrastructure
projects in water and wastewater in Iran, it shows that bilateral, trilateral, quadripartite,
and cooperative contracts are commonly used in this sector.

Table 1. Contracting methods for water and wastewater projects in Iran.

Contract Type Influencing Factors Reference
DBOT, DB, BOOT, BOT Financial [30]
BOT, EPCF Financial [34]
Trilateral Legal and contractual [33]
EPC Project goals [38]
Cooperative Financial [31]
Cooperative Management and organizational [39]
Cooperative Technical and technological [32]
Quadripartite Management and organizational [40]
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3. Research Methods

This section discusses the various research approaches adopted towards prioritizing
contract methods for water and wastewater projects. A mixed research design approach
was adopted, which involves a review of the literature and the use of the Delphi survey,
as well as the FAHP-based expert survey to rank the four types of contracts based on the
identified criteria (see Figure 1). The literature review was carried out through content
analysis (see [37,41,42]) to deduce the essential criteria that affect the selection of contracting
methods. The Delphi survey technique guidelines provided by Hasson et al. [43] and
Olawumi and Chan [35] helped design the Delphi survey.

electing the suitable contract methods for Water
& Wastewater projects.

|

‘ Literature review via content ’

{ Aim: Develop a model to assist stakeholders in
s

analysis
(26 criteria items)

Questionnaire survey
distribution

& data collection

<----- 10 experts

15t Delphi survey round to revise
and validate the criteria items
(26 CSFs items)

18 Criteria items

* Grouped into five

criteria categories = -----

* Linked to the four
contract types

___________________________________________ ’2 criteria items lacks sufficient
j validity (i.e., CVR < 0.62)

h 4

24 Delphi survey round with ZA* R
criteria items. % « Evaluation of face &

content validity.

6 items lacks sufficient

44444444444 X validity (see Table 2)

______ Expert questionnaire survey |
(FAHP survey format) |

h 4

------ 20 experts

{Data analysis & interpretationl

* Fuzzy Analytic Hierarchy Process (FAHP) -
(i) calculate weightings & coefficients for
18 sub-criteria and 5 categories.

(ii) final weightings for the contract
options

Discussions & research
implications

Figure 1. Overall research design of the study.

After identifying the criteria or factors, a Delphi questionnaire with 26 items was
developed, which was distributed to 10 experts who were also asked their opinions on
contract methods in Iranian water and wastewater projects [44]. After gathering the
opinions of the experts, the data was analyzed, reviewed and distributed to the experts for
the second round Delphi survey. After the Delphi round, the questionnaire was revised,
which gives 24 items.
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3.1. Evaluation of Content and Face Validity

Validity is an “accuracy measure’ of the study and shows the degree to which an item
correctly measures what it is intended to measure [45]. In the current study, 10 individuals
participated in the validity evaluation process. The inclusion criterion was to have at least
one hour of free time to complete the questionnaire. The content validity ratio (CVR) and
the content validity index (CVI) were used to measure the validity of the questionnaire [46].

3.1.1. Content Validity Ratio

Lawshe [47] was the first to introduce the content validity ratio (CVR), which is used
to measure the validity of the content, using the opinion of experts in the field being
investigated. Consequently, after explaining the purpose of the study and providing them
with definitions of the content of the items, experts were asked to score each item using a
3-point Likert scale (1 = necessary, 2 = useful, but not necessary, and 3 = unnecessary). The

CVR was then calculated as:

CVR = [n_Nﬂ 1)

2

where N is the total number of experts and n is the number of experts who have selected
the ‘necessary’ score for that item. The number of experts interviewed determines the
acceptable cut-off limit for CVR, which is equal to 0.62 for ten experts. Items with CVR
below the cutoff limit are removed from the questionnaire due to the lack of suitable content
validity [48-50].

3.1.2. Content Validity Index

The Waltz-Bausell approach [51] was used to evaluate the content validity index (CVI).
To this end, experts first score the relevance, clarity, and simplicity of each item on a 4-point
Likert scale. For relevance, experts assign scores of 1 = irrelevant, 2 = somewhat relevant,
3 =relevant, and 4 = fully relevant. Regarding simplicity, the scoring options include
1 = not simple, 2 = somewhat simple, 3 = simple, and 4 = simple and relevant. For clarity,
the scoring options include 1 = unclear, 2 = somewhat clear, 3 = clear, and 4 = clear and
relevant. The CVI is calculated as follows:

Number of raters giving of 3 and 4

Content Validity Index (CVI) = Total number of raters

@)

The minimum cut-off value for the CV1Iis 0.79, and items with a CVI below 0.79 are
eliminated from the questionnaire [52].

3.1.3. Evaluation of Face Validity

Face validity is one of the basic requirements for each item. This type of validity
shows whether the items can measure the intended study variables at face value. An
item impact score is used to measure the face validity of the items. Participants are first
asked to score the importance of each item on a 5-point Likert scale, from 1 (unimportant)
to 5 (very important) to determine the impact scores of the item. The scores include
5 = very important, 4 = important, 3 = somewhat important, 2 = of little importance, and
1 = unimportant. Then, the impact scores of the items are calculated as follows:

Impact score = Frequency (%) x Importance, ©)]

For acceptance of the face validity of an item, its score must not be below 1.5. Conse-
quently, items with impact scores of 1.5 or higher are retained [52,53].

3.1.4. Evaluation Results of Face and Content Validity

The evaluation results for the content and face validity showed that only 18 items
(of the 24 items) had suitable content and face validity (see Table 2). In fact, based on the
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face validity results, the criteria of ‘minimize contracting party factors” and ‘need to do
basic studies” with scores below 1.5 were eliminated from the survey. Furthermore, by
calculating CVI in the four rounds of the Delphi survey, six of the criteria were eliminated
from the survey, including ‘reduce or transfer risk to contractor’, ‘minimize contracting
party factors, ‘employer’s characteristics and experience in performing similar projects’,
‘need to do basic studies’, ‘compliance of contract coefficients with project status’, and
‘legal restrictions’. The calculated CVTI for these criteria was below 0.79. Additionally, the
calculated CVR for five criteria was below 0.62, so these criteria were removed. These
criteria include ‘reduce or transfer risk to contractor’, ‘minimize contracting party factors’,
‘employer’s characteristics and experience in performing similar projects’, ‘need to do basic
studies’, ‘compliance of contract coefficients with project status’.

Table 2. Results of the face and content validity.

o Face Validity Content Validity Results
No Criteria
Results CVlI-1 CVI-2 C(CVI-3 CVI4 CVR
1 Reduce or transfer risk to contractor Vv Vv X Vv X X
2 Minimize contracting party factors X X v v X x
3 Maximize the controlling role of employer Vv Vv Vv v Vv v
4 Effect of supervision system Vv v v v v v
5 Employer’s ability to manage and control projects Vv v v v v v
6 Employer’s Characteri.sti.cs and gxperience in performing N . N J « %
similar projects
7 Stakeholder satisfaction v Vv V4 Vv V4 v
8 Inflation (national economic situation) v v v Vv Vv v
9 Certainty of project financing Vv v v v v v
10 Project’s total value Vv v v v i v
11 Possibility of financing increase by the contractor Vv Vv Vv v v v
12 Design specifications (design complexity) Vv Vv Vv v v v
Technical and implementation details (specific technological
13 requirements for implementation) % v v v v v
14 Safety, health, and environmental concerns Vv Vv Vv Vv Vv Vv
15 Ease of change v v v vi v v
16 Need to do basic studies X X v X v X
17 Compliance of contract coefficients with project status Vv X X X X X
18 Ease of conflict resolution v vV Vv Vv Vv v
19 Payment method for contractors Vv Vv v Vv Vv v
20  Observing requirements for selection of qualified contractors Vv v v v v v
21 Legal restrictions v Vv X X v v
Importance of timely completion of the project (time

2 as priority) v v v v v v
23 Importance of cost of the project (cost as priority) Vv Vv Vv v v v
24  Importance of performance of the project (quality as priority) Vv Vv Vv v Vv v

3.2. Reliability of the Questionnaire

After evaluating the reliability of the questionnaire, items with low reliability were
eliminated to increase the overall reliability of the questionnaire. Various methods can be
used to determine reliability. In the current study, SPSS software was used to calculate
the Cronbach alpha coefficient to determine the reliability of the questionnaire. The
cut-off value for Cronbach’s alpha is 0.70 [54-57], and Cronbach’s alpha in the current
study was 0.958, indicating that the 18 remaining elements of contract selection achieved
satisfactory reliability.

4. The Fuzzy Analytic Hierarchy Process
4.1. Decision Tree

In the current study, a decision tree was used to prioritize the contracting methods
used in Iranian water and wastewater projects. Figure 2 presents the framework for the
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fuzzy analytic hierarchy process (FAHP) method. This decision tree included five key
selection criteria, 18 sub-criteria, and four options. The codes used for the options, key
criteria, and sub-criteria are presented in Tables 3 and 4.

Selecting the Contract Types

Figure 2. Decision tree used in the current study.

Table 3. The coding of options.

Code Option Methods

T,F Bilateral DB/EPC/EPCF

T3F Trilateral Trilateral

T4F Quadripartite Construction Management (CM)
CON Cooperative Public Private Partnership (PPP)

Table 4. The coding of selection key criteria and sub-criteria.

No Key Criteria Sub-Criteria Code
Management and organizational MO
1 Maximize the controlling role of employer MO,
2 Effect of supervision system MO,
3 Employer’s ability to manage and control projects MO;
4 Stakeholder satisfaction MOy,
Economic EC
5 Inflation (national economic situation) ECy
6 Certainty of project financing EC;
7 Project’s total value EC;
8 Possibility of financing increase by the contractor ECy4
Technological and technical TH
9 Design specifications (desiign complexity) TH;
10 Technical and implementation details (specific technological TH
. . . 2
requirements for implementation)
11 Safety, health, and environmental concerns THj3
12 Ease of change THy
Legal and contractual LC
13 Ease of conflict resolution LCy
14 Payment method for contractors LG,
15 Observing requirements for selection of qualified contractors LC3
Project goals PT
16 Importance of timely completion of the project PTy
17 Importance of cost of the project PT,

18 Importance of performance of the project PT3
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After the contracting methods were prioritized, the target audience of the current
study, which included 20 experts involved in water and wastewater projects in Isfahan
province, was asked to complete the pairwise comparison questionnaire used for the FAHP
method. This study used verbal statements instead of definitive numerical values to weigh
and rank options. Table 5 shows a comparison of the verbal statements that were used to
describe the importance of the selection criteria.

Table 5. Verbal statements for pairwise comparisons and degree of importance [58].

Fuzzy Number Verbal Statement Fuzzy Number Scale
1 Equal 1,1,1)
2 Very small superiority 1,2,3)
3 Small superiority (2,3,4)
4 Superiority (3,4,5)
5 Good (4,5, 6)
6 Relatively good (5,6,7)
7 Very good 6,7,8)
8 Great (7,8,9)
9 Absolute superiority (8,9,10)

4.2. The Process of FAHP Method

The extent analysis method (EA) was first introduced in 1996 by Young Cheng. The
numbers used in this approach are a fuzzy triangle [59]. Taking into account the two
triangle fuzzy numbers of M; = (Iy, m1, u1) and My = (I, my, u), Equation (4) can be written
as follows:

M+ M, = (ll + Iy, my + mp, Uy + uz)
Ml.Mz = (lllz, mimyp, uluz)

-1_ (1 1 1 4
M, _(E’mT’E) @)
-1 1 1 1
M, *(»Tz'nTZ'E)-

It should be noted that the product of the two triangular fuzzy numbers (TFN) of
the inverse of a fuzzy triangle number is not a fuzzy triangle number. Furthermore, these
equations show only an estimation of the real product of two fuzzy triangle numbers and
the inverse of a fuzzy triangle number. In the extended analysis method (EA), the value of
Sk, which is a fuzzy triangle number, is calculated for each row of the pairwise comparison
matrix as: .

n m n
Sk =) M x [Z )3 Mif} ()
=1 i=1j=1

k is the number of rows, and i and j are the options and indices.

In this method, after calculating Sy, a comparison of their degrees of magnitude should
be made. In general, if M; and M, are two triangle fuzzy numbers, the degree of magnitude
of M; compared to M, is defined using the following;:

V(Mz < Ml) =1 if my > mq
0 if Up > 11 (6)
V(M; > M) =hgt(M; N M) otherwise

Furthermore, based on the similarity properties of triangles, we can say:

uy — Ly
(u1 — Lz) + (mz — m1)

hgt(My N M) = @)
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The degree of magnitude of a fuzzy triangle number from k and other fuzzy triangle
numbers is calculated:

V(My > My,..., My) =V (M; > M) and...and V(M; > M) ®)
The weights of the indices in a pairwise comparison matrix are defined as follows.
W’(xi) :min{V(Si > Sk)} k:1,2,..., n , k#l (9)

k is the number of rows, and i and j are the options and indices.
Therefore, the weight vector for the indices is calculated:

t

W' = [W(x1), W (x2), ..., W (xy)] (10)

which is the same as the non-normal fuzzy vector [59-61].

4.3. Calculation of Compatibility Rate

The Gogus and Boucher approach [62] was used to calculate the compatibility rate in
the current study. They suggested using the clock method to evaluate the compatibility
of two matrices (the middle number and fuzzy number limits); this makes it possible to
derive each fuzzy matrix before calculating its compatibility. The steps to calculate the
compatibility rate in fuzzy pairwise comparison matrices are as follows.

Step 1. The fuzzy triangle matrix is divided into two matrices. The first matrix is
made from the middle numbers of the verdicts of the initial matrix (A = [4;j,]), while the
second matrix is the geometric mean of the upper and lower limits of triangle numbers
(A8 = /).

Step 2. The weight of each matrix is calculated using the clock approach.

Step 3. The largest eigenvalue for each matrix is calculated.

Step 4. The compatibility index is calculated as:

cr = (A(’Z”x_ _1)”) (1)

< ()Vgnax - n)

CIs = e (12)

Step 5. To calculate the compatibility rate (CR), the compatibility index (CI) is divided

by the random index (RI). If the result is less than 0.1, the matrix is compatible and usable

for data evaluation. Following Saaty’s procedure, 100 matrices are created with random

numbers and the condition of being crosswise, and their CI and mean CI are calculated.

Since the numerical numbers for fuzzy comparisons are not always integers and can be

non-integer numbers due to the geometrical mean, yet the Saaty 1-9 scale cannot be used

to create the table of random indices (RI). Therefore, Gogus and Boucher [54] used 400

random matrices to generate a table of RI values to compare fuzzy pairwise comparison
matrices, that is:

Clm
m _
CR" = = (13)
CI8
g = —_—
CRS = == (14)

If both of these indices are less than 0.1, then the fuzzy matrix is compatible; however,
if both indices are higher than 0.1, the decision-maker is asked to revise the prioritization.
Suppose that only the CR™ (CR¢) is greater than 0.1. In that case, the decision maker must
adjust the median value of the fuzzy verdict [63-67].
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5. Analytical Results and Discussion of Findings

Data analysis of the FAHP method was performed in Excel. The final weight of
options, the weight coefficients, compatibility rates, and the options ranked by the weight
for each sub-criterion are given in Tables 6-9. Figure 3 shows the final weight of the
options based on eight criteria and 18 sub-criteria. As shown in Table 6, management
and organizational criteria (MO) have the highest weight (0.383), followed by economic
criteria (EC) (0.212), indicating that these two criteria groups greatly influence the selection
for contract types of water and wastewater projects in Iran. The project goals (PT) and
the legal and contractual criteria (LC) were scored 0.044 and 0.033, respectively, while the
technological and technical criteria (TH) had the lowest weight (0.007), indicating their
negligible influence in the selection of the contracting method.

Among the sub-criteria of management and organizational group, the effectiveness of
supervision systems (MO;), the employer’s ability to manage and control projects (MOj3)
had a higher score compared to stakeholder satisfaction (MO,) and maximization of the
control role of the employer (MO;). The prioritization of management and organizational
sub-criteria is similar to the results of the study by Abbaszedeh et al. [39] that showed that
factors related to employers play a crucial role in the selection of the contract for WWP.
Meanwhile, the economic sub-criteria rank according to the importance are as follows:
inflation (national economic situation) (EC;) (the most important), the certainty of project
financing (EC,), the possibility of financing increase by the contractor (EC,), and the
project’s total value (ECj3) (the least important). Furthermore, the findings of this study are
consistent with previous studies such as Mahdavi et al. [31], which identified innovative
financing approaches by the private sector as a key factor that accelerates the completion
of a project. Safety, health and environmental concerns (TH3), ease of change (THy), design
specifications (TH;), and technical and implementation details (TH;) were ranked from
the highest to lowest weight, respectively, in the technical and technological criteria group.
According to Shirali et al. [50], a good safety culture is often viewed as a capability or as an
absence of injuries and accidents, which also confirms the results obtained in this study.

Furthermore, observing the requirements for the selection of qualified contractors
(LC3) was the most important, followed by the ease of conflict resolution (LCp), and
the payment method for contractors (LC,) was the least important among the legal and
contractual criteria. Finally, the project goals according to importance are ranked as follows:
the cost of the project (PT,) (the most important), the performance of the project (PT3),
and the timely completion of the project (PT) (the least important). Previous studies by
Roustaei [30] and Sajedi and Hamze [33] identified cost, time, conflict resolution, and risk
due to inflation as key factors that affect the selection of contract methods, which aligns
with the findings of this study.

Table 6 tabulates the ranking of contracting options according to each sub-criterion.
The analysis of the results revealed that the ‘bilateral” option is the preferred option, which
has the highest weight for more than 70% of sub-criteria (13 out of 18), followed by the
cooperative, trilateral, and quadripartite options. In addition, the bilateral option shows its
precedence for the two most influential criteria: this contract method was ranked as the
first for all sub-criteria in the management and organizational criteria (MO) group and in
the economic criteria (EC) group except for sub-criterion ECy (i.e., possibility of financing
increase by the contractor).

The results revealed that the bilateral option might be the preferred option for selecting
the type of contract for WWP in Iran. As expected, the bilateral option with a score of
0.326 recorded the highest weight among all options, as can be seen in Figure 3, followed by
the cooperative option (0.287). On the contrary, the quadripartite option has the least weight.
The compatibility rate of all comparisons was below 0.1, indicating that all comparison
pairs are acceptable. The study findings are consistent with the prioritization results
reported by Rezaei et al. [34] that show that bilateral agreement is the best type of contract
in water and wastewater projects.
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Table 6. Summary of final weights.

MO EC TH LC PT
0.383 0.212 0.007 0.033 0.044
MO; MO, MO; MO, EC; EC, ECs EC, TH; TH, TH; TH, LCy LC, LCs PT, PT, PT;

0.216 0.327 0.231 0.226 0.284 0.251 0.222 0.244 0.219 0.212 0.297 0.272 0.309 0.229 0.462 0.316 0.345 0.339

ToF 0.302 0.276 0.304 0.289 0.364 0.290 0.318 0.365 0.314 0.430 0.337 0.373 0.341 0.361 0.417 0.366 0.314 0.368
TsF 0.265 0.236 0.249 0.229 0.226 0.256 0.231 0.205 0.242 0.132 0.293 0.174 0.238 0.272 0.224 0.311 0.162 0.256
T4F 0.209 0.219 0.178 0.218 0.100 0.190 0.150 0.077 0.182 0.080 0.081 0.148 0.095 0.037 0.100 0.062 0.211 0.121
CON 0.223 0.269 0.269 0.265 0.311 0.265 0.300 0.352 0.261 0.358 0.289 0.305 0.327 0.330 0.259 0.261 0.312 0.255

Table 7. Weight coefficients.

MO; MO, MO; MO, EC; EC, ECs EC, TH; TH, TH; TH, LC, LC, LCs PT, PT, PT;

T,F 0.023 0.032 0.025 0.023 0.039 0.028 0.027 0.034 0.015 0.019 0.021 0.021 0.001 0.001 0.001 0.005 0.005 0.005
T3F 0.020 0.027 0.000 0.018 0.024 0.000 0.000 0.019 0.011 0.006 0.000 0.010 0.001 0.000 0.000 0.004 0.000 0.000
T4F 0.016 0.025 0.015 0.017 0.011 0.000 0.013 0.007 0.008 0.004 0.005 0.009 0.000 0.000 0.000 0.001 0.000 0.002
CON 0.017 0.031 0.022 0.021 0.034 0.025 0.026 0.033 0.012 0.016 0.018 0.018 0.001 0.001 0.001 0.004 0.005 0.004
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Table 9 shows the priority of the options based on any of the criteria. Additionally,
Figure 3 shows the ranking of the four options taking into account all the criteria of the
research study. It is clear that consideration of the criteria for selecting the contracting meth-
ods depends on different parameters, including organization goals, economic situation,
technical knowledge, legal factors, and project goals. Therefore, the criteria are different
for any project; and the weight of each criterion may be larger or lower than others. In this
study, the weight of all types of criteria is assumed equal.

Table 8. Compatibility rate for each item.

Item CR8 CR™
Key Criteria 0.0855 0.0287
Management and organizational criteria 0.0021 0.0006
Economic criteria 0.0610 0.0226
Technological and technical criteria 0.0858 0.0299
Legal and contractual criteria 0.0604 0.0241
Project goals criteria 0.0260 0.0087
Options regarding maximization of the controlling role of employer 0.0953 0.0829
Options regarding effect of supervision system 0.0752 0.0658
Options regarding employer’s ability to manage and control projects 0.0827 0.0646
Options regarding stakeholder satisfaction 0.0950 0.0746
Options regarding inflation (national economic situation) 0.0672 0.0597
Options regarding certainty of project financing 0.0974 0.0863
Options regarding project’s total value 0.0941 0.0739
Options regarding the possibility of financing increase by the contractor 0.0872 0.0743
Options regarding design specifications (design complexity) 0.0738 0.0932
Options regarding technical and implementation details 0.0752 0.0871
Options regarding safety, health, and environmental concerns 0.0583 0.0435
Options regarding ease of change 0.0872 0.0743
Options regarding ease of conflict resolution 0.0941 0.0839
Options regarding payment method for contractors 0.0941 0.0839
Options regarding observing requirements for selection of qualified contractors 0.0593 0.0421
Options regarding the importance of timely completion of the project 0.0821 0.0692
Options regarding the importance of cost of the project 0.0915 0.0703
Options regarding the importance of performance of the project 0.0762 0.0626

Table 9. The options priority order by weight for each sub-criterion.

Options Order by Weight (from Highest

No Key Criteria Sub-Criteria to Lowest)

1 Management Maximization of the controlling role of employer Bilateral, trilateral, cooperative, quadripartite
2 & d Effect of supervision system Bilateral, cooperative, trilateral, quadripartite
3 an tional  Employer’s ability to manage and control projects  Bilateral, cooperative, trilateral, quadripartite
4 organizationa Stakeholder satisfaction Bilateral, trilateral, cooperative, quadripartite
5 Inflation (national economic situation) Bilateral, cooperative, trilateral, quadripartite
6 E . Certainty of project financing Bilateral, trilateral, cooperative, quadripartite
7 conomic Project’s total value Bilateral, trilateral, cooperative, quadripartite
8 Possibility of financing increase by the contractor ~ Trilateral, bilateral, cooperative, quadripartite
9 Design specifications (design complexity) Trilateral, bilateral, quadripartite, cooperative

10 Technological Technical and implementation details (specific Bil . . o
. . . . . ilateral, trilateral, cooperative, quadripartite

and technical technological requirements for implementation)

11 Safety, health, and environmental concerns Bilateral, cooperative, trilateral, quadripartite
12 Ease of change Cooperative, bilateral, trilateral, quadripartite
13 Leeal and Ease of conflict resolution Bilateral, trilateral, cooperative, quadripartite
14 €gal an Payment method for contractors Cooperative, bilateral, trilateral, quadripartite

15 contractual Observing requirements for selection of C . . . N
L ooperative, bilateral, trilateral, quadripartite

qualified contractors

16 Importance of timely completion of the project Bilateral, cooperative, trilateral, quadripartite
17 Project goals Importance of cost of the project Bilateral, cooperative, trilateral, quadripartite
18 Importance of performance of the project Bilateral, cooperative, trilateral, quadripartite
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Figure 3. The final weighting of contracting options.

Research Implications

The selection of the appropriate contracting method is critical to the success of
any project.

Practical implications. The study provided practitioners and clients with some of the
key contract methods available for the execution of water and wastewater projects in Iran,
such as trilateral, EPC, quadripartite, cooperative, bilateral, DBOT, and BOT. The risks
associated with the implementation of some of these contract methods in projects were
highlighted in the article. In any building or infrastructure project, the way the project
is procured has always been a problematic area for the client or the project team. Hence,
through the mapping of criteria and sub-criteria to the optimal contract method (highest
weighted contract option), the study can guide developers and top management of such
project firms or companies. In this, supposing that a client intends to emphasize the
‘management and organizational’ criteria and the ‘economic’ criteria; with the decision
(selection) model developed, a bilateral contract option is the best option for such a project.

Moreover, the study provided guidelines to clients, project team members, and other
practitioners on how each key sub-criterion can influence what contract methods should be
adopted. For example, a water and wastewater project developer should consider criteria
such as design specifications and increased financing as key to investment decisions. Then,
a trilateral contract method will be best suited for water and wastewater projects. More
so, for developers that regard the payment method and qualification requirements for
contractors as a key variable for investment, a cooperative contract method will best
suit the project. Additionally, the study emphasizes the importance of managerial and
organizational strategies for the success of a water and wastewater project in Iran. Other
important criteria are related to economic and technical factors. Hence, key stakeholders
must take into account the variables related to these factors as they significantly determine
the performance or success of the project.

Theoretical implications. The analysis of the selected contracting options using the fuzzy
analytic hierarchy process based on criteria and sub-criteria provides stakeholders with a
list of preferred contract options for their water and wastewater projects in Iran and could
be applicable in other developing countries. Prior to this study, water and wastewater
projects in Iran often used the trilateral approach to contract. However, based on the study,
analysis of the bilateral contract methods was considered the best option for water and
wastewater projects in Iran. The study also provided insights into the key factors that
contribute to the choice of various contractual approaches in the procurement of water and
wastewater projects in Iran.



Energies 2021, 14, 7815

15 0of 18

6. Conclusions

The implementation method is vital to the success of large-scale projects, and the
selection of the appropriate contract method is one of the key decisions to make. Using
the wrong process to select the implementation system and inadequate contract methods
can have adverse effects on the project. When the most suitable contract type is selected,
projects can achieve high levels of gain and income. On the contrary, poor decisions
regarding the type of contract can result in financial losses and the loss of irreplaceable
opportunities at the national level.

The current study prioritized contract methods to help project decision-makers select
the best contract methods for water and wastewater projects. First, a list of factors was
identified that affect the proper selection of contracts for water and wastewater projects,
through a content analysis of the existing literature. In addition, a Delphi questionnaire,
based on the identified factors, was developed and distributed among the invited experts.
Several validity and reliability tests help to consolidate the factors into 18 criteria, which
were classified into five different groups. The FAHP method was used to prioritize the
contract methods used in Iranian water and wastewater projects according to 18 criteria,
as well as the contract options. Pairwise comparison questionnaires were distributed
among experts. The results showed that bilateral, public-private cooperative, trilateral, and
quadripartite contract methods (in ascending order) were the best methods for water and
wastewater projects in Iran.

The weighting calculation process of the FAHP method helped reduce or eliminate
the subjectivity of the data collated through the pairwise comparison questionnaire. The
findings of this study will further support and guide the decision of clients and key stake-
holders on selecting the appropriate contractual options for their water and wastewater
industry in Iran. Although the study is limited by the data obtained in Iran, the findings
of the study can be extrapolated for adoption in other countries. The study also outlined
the theoretical and practical contributions of the research findings. In addition, the key
criteria developed in this study can be implemented for similar projects in Iran and other
developing countries.

Meanwhile, the selection of the right contracting methods for large-scale water and
wastewater projects depends on factors that can also be context-specific. Hence, it is
recommended for future studies to examine the effects of the factors (criteria and sub-
criteria) in different countries and regions, as well as other sectors of the economy. Another
future research direction is to expand the spectrum of available contract types, that is,
to identify more contract methods applicable in other contexts (countries or regions) to
allow greater generalizability of the results beyond the current scope of this study. Energy-
based methods and integrated delivery contract methods are possible topics for further
studies. The results of the current study on the preferred and common contract methods
suitable for the water and wastewater industry can be used to provide a framework for
contract selection and use in multiple criteria decision-making methods; and thus aid in
the successful implementation of these projects.

The focus of the current study is on issues related to the choice of contracting methods
for water and wastewater projects. However, the results can help decision making and fill
the existing knowledge gap in other sectors such as energy, communications, and transport.
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