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Abstract. Prognosticating and monitoring the financial conditions of the
projects in terms of the cash are crucial to be considered for companies.
Generating reliable cash flow is essential for taking proper decisions and having
effective financial control. Furthermore, if the inherent uncertainties in projects
are not addressed, they could lead to tremendous rates of projects failure and
bankruptcy. Thus, it is crucial to consider the imprecision in projects. Therefore,
the objective of this study is to anticipate the projects cash flow. In this paper, a
novel approach is proposed to generate the project cash flow by applying both two
extensions of critical chain project management and TODIM (an acronym in
Portuguese for interactive Multi-Criteria Decision Making (MCDM)) method
under grey-environments. Therefore, grey numbers are employed to state the
uncertainty of activity durations, qualities, and costs. Finally, a real-world
construction project is utilized to demonstrate the applicability and efficiency of
proposed approach.
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1. Introduction

Since companies are vulnerable to bankruptcy, managing and planning of
the projects in their financial aspects should be appropriately performed (Simion
and Marin, 2018;Lucko, 2013). Although managing other resources is essential,
cash is the most significant resource for companies as insufficient liquidity leads to
bankruptcy (Jiang, 2011). Cash flow at the project level contains a complete history
of all cash expenditures cash out flow and revenues cash inflow received from
projects implementations (Park et al., 2005; Shash and Qarra, 2018). As such,
creating projects cash flows during the implementation of project are not only
crucial for project managers but also are important for project owners(Maravas and
Pantouvakis, 2012). Therefore, preserving the balance between cash outflows and
cash inflows has been a crucial matter to both prevent financial stress and ensure
the smooth project accomplishment with no sufficient financing. However,
preservation of the balance between cash outflows and cash inflows is complicated
because of the existence of several uncertainties in projects. Meaning that, the
existence of such uncertainties not just can change the fulfillment times of all
activities, but also can affect on amounts of cash outflows and cash inflows directly
(Mohagheghi et al., 2017; DorfeshanandMousavi, 2019; Yu et al., 2017
Bazilevych et al., 2018).

The uncertain factors, exist either in the nature of the possessions to be
conveyed or in the approach of conducting it (Maravas and Pantouvakis, 2012).
Besides, there are important uncertainties especially in construction projects, which
come up in many aspects of the problem, consisting of the financial environments.
The existing uncertainties of activity durations are due to several interdependent
activities (Moradi et al., 2018; Chen et al., 2003).As such, several decisions are
usually made in ambiguous circumstances and according to the vague information.
Thus, the assessment of the project may turn out to be unrealistic. Even thoughthe
presence of uncertainty is crucial to grasp projects, there is a shortage of a sound
method for managing it. Therefore, it is essential to model and manage these
uncertainties for assessing the project (Maravas and Pantouvakis, 2012).

More recently, investigations have concentrated on models to manage
these uncertainties by applying stochastic, interval, fuzzy, or grey numbers
(Tavanaetal., 2013; Zhang et al., 2011; Huang and Zhao, 2014; Mousavi et al.,
2013, 2014). Grey system theory can be applied, as itishelpful in vague
circumstances, where there is no adequate data accessible, due to its strong
performances of minimum attainable data utilization (Davoudabadi et al., 2019;
Ekhtiari et al., 2016; Liu and Lin, 2006).Delgado and Romero(2016) proposed a
model for optimization of time, cost, and quality of the project by applying both the
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fuzzy goal programming and grey linear programming. Similarly, to convert
qualitative information of a mining project into quantitative values, grey clustering
approach was executed. Furthermore, Bhattacharyya (2015) executed the grey
theory, by considering grey values for both preferences of project experts and the
features ordering in portfolio selection problem. San Cristobal et al. (2015)
proposed a grey forecasting model for an anticipation of final cost of a project
regarding grey system theory.

Most of the time, with respect to both preferences and criteria, activities
can be performed in various ways, meaning that different scenarios can be defined
for project implementation. Even though addressing such scenarios can lead to
better project implementation, there is little attention paid to them. Furthermore, to
the best of our knowledge, in comparison with CPM (critical path method), more
investigations need to be done about CCM (critical chain management), as there is
no sufficient research regarding that, in spite of the fact that it can result in less
rework, time, and cost and resource constraints consideration. Thus, in this paper,
different scenarios are considered for carrying out the activities,and the best
scenariois selected for carrying them out based on both respective criteria and
project experts' preferences; then, project scheduling is performedin accordance
with the information that is conducted in the previous step and by considering the
CCM method. Consequently, the respective project cash flow, which leads to better
project evaluation, cost and time management, and project financing that helps to
accelerate the project implementation, is conducted out of its importance not just
for project managers but also for project owners. In addition to the significance of
grey system theory, it is worth noting that applying such theory can lead to better
consideration and management of uncertainties, enhancing project scheduling, and
beingcloser to the real-world situations. Therefore, all of the values in the
aforementioned steps discussed previously are considered as grey numbers.

The remainder of this study is organized by the following. An approach for
conducting project cash flow based on the provided project network and adopted
scenarios is presented in section 2. In section 3, a real-world project is employed to
represent the applicability of the proposed algorithms. In section 4, a sensitivity
analysis of essential parameters is obtained. Eventually, section 5 deduces the
contributions of these investigations.

2.Proposed methodology

The main objective of this methodology is to generate the project cash
flow. Therefore, first, different scenarios are defined; then, with respect to the
criteria, the best scenario will be selected by considering TODIM method. Thus,
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the project network will be conducted by applying CCM method, and after that in
accordance with this project network, the project cash flow will be obtained.
Moreover, to manage the uncertainties in the project, all of the values are
considered as grey numbers.

2.1. Phase 1: Scenario evaluation

Most of the time, when implementing activities of a project, there are
different ways of achieving them. In other words, there are different scenarios to
implement them. Therefore, by examining both the criteria, such as time, cost, and
quality and the information about these criteria; the project managers have to
decide on the best scenario and its implementation so that results in optimization
and improvement of the criteria. It is necessary to determine how to decide on the
best scenario for each activity among the others. In this way, to the involvement of
the different criteria, scenarios, and project experts in decision-making, the
TODIM method will be executed. Thus, the best scenario for the implementation of
an activity can be selected using this method. This method is a new grey extension
on a classical TODIM method, which is first presented by Gomes (2009), and its
steps are as follows:

Step 1. Initially, a set of (n) scenarios for each activity with respect to (m)
quantitative and qualitative criteria is considered to be orderedandconsequently, the
best scenario will be chosen among the others. Thus, both scenarios and criteria are
defined. After defining the respective component, project experts are asked to
evaluate each of the qualitative criteria (c), it is necessary to convert the qualitative
criteria estimated on a verbal scale into a numerical scale. Furthermore, by
considering the performance of the scenarios concerning the criteria, the
estimations of the quantitative criteria will be conducted. Hence, by evaluating the
scenarios in respect of all criteria by the project experts concerning both definition
of existence scenario, quantitative, and qualitative criteria respectively; the matrix
of evaluation (D) will be generated.

®G1 ®Gu . ®Gim
op=|®6n @Gz - @G

®bn1 ® G,y ®énm (1)

where & D is the grey decision matrix and @ G;;is the grey rating of ith scenario
with respect to jth criterion.
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Step 2. Hereinafter, it is essential that the normalized performances of the
matrix are considered. Hence, the normalized grey decision matrix (&Q D*) will be
as follows.

® G*ll ® 6*12 ® G*lm
o |®6 ®G . ®GTm
D=
® ; N @)
® G*nl ® G*nz ® G*nm

where ® G*;; is the normalized grey rating of ith scenario with respect to jth
criterion that is expressed as:

+  — _ ®Gij 3
® G =57 o0 ®)

Step 3. After the definition of each criterion, their respective weights will
be assigned regarding the importance of criteria that is carried out by experts
through the evaluation on a cardinal scale. As well as the previous step, performing
the normalization for each criterion is essential to be considered herein. In this
way, the assigned weight of each criterionis divided by the sum assigned weights
of all the criteria. Then, one of the criterion (r) will be selected as a reference
criterion among the others according to its importance for calculations by project
experts. Thus, the reference criterion will usually be a criterion with the most
influence, which is assigned to it. Concerning the calculation of the reference
criterion and the normalized weights on a cardinal scale that are assigned to each
criterion by decision-makers; (w,.), which result in translating the differences
between performance values to the same dimension, will be conducted using the
division of the weight of criterion (c) to the weight of the reference criterion (r). A
measurement of a dominance of each scenario (4;) over each scenario (4,) will be
conducted by the following:

o (Ai!Aj) =L CDC(AiiAj) v (i)
4)

where:
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N o ()
s A(® Gie.® Gie) if [® Gic >® Gy
c=1"rc
) (6)
@ (4, A]-): 0, if [®G=Q GjC]
(7)

1 |26 Wre )
=5 [T U® G ®Gie) if [® Gie <® Gyl

d(® G.,® Gj.) in both Eqg. (5) and Eq. (6) denotes theEuclidean distance.
If ® G, = [G1,G;] and ® G, = [Gy, G,] are two grey number set then, Euclidean

distance between two grey numbers @ G, and ® G, can be calculated by using the
below equation:

1 -
d(® 61,8 G;) = JE [(61 = G2)* + (61 = G2)?] ®)

where J (A;,4;) indicates the measurement of the dominance of scenarioA; over
scenarioA;; m is the number of criteria; c is any criterion, for ¢ =1,..., m; w, is the
weight of criterion ¢; w,. is the weight of the reference criterion; r is the reference
criterion; ® G;c and & G;. are the normalized grey rating against criterion c for
two scenariosA; and A;, respectively; d(® G;.,® Gjc.) designates the distance
between the two grey numbers &® G;. and & Gj,, as defined in Equation ( 8 ); 0 is
the attenuation factor of the losses; &.(4;4;) represents the parcel of the
contribution of criterion ¢ to function J (4;,4;), when comparing scenario i with
scenario j.

When calculating ®.(4; 4)), if [® G;c > G;.], Eq. (5) will be used, If [® G;.=
® Gjc], the value zero will be assigned to ®.(4;, 4;), meaning that, Eq. (6) will be
applied, and If [® G;c <® Gjc], Eq. ( 7 ) will be executed. After calculating
@, (A, 4;) for each criterion, through the sum of its components, o (4;,4;) will be
obtained consequently, which is represented by Eq. (4).
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Step 4. Ultimately, to conduct the overall value of scenario | through
normalization of the corresponding dominance measurements, the following
expression is executed:

b= Y"1 8 (A, A) —min X7, 8 (A, A) 9)

where §; provides the rank of each scenario. From the above, it is concluded that
the overall values of the scenarios are calculated as a result of the normalization.
Building upon these, the rank ordering of all scenarios, regarding the ordering of
the respective values will be obtained eventually. Thus, the best scenario can be
selected among the others consequently.

2.2. Phase 2:Grey CCM

Compared to critical path method in which activities start as soon as
possible, the primary objective of CCPM (critical chain project management),
which was first introduced by Goldratt (1997), is reaching a project network in
which activities start as late as possible. It is supposed that as a result of its
implementation the projects can be carried out with less time and cost in
comparison with other methods.The grey CCM method is described in this paper
based on Leach (2014). Moreover, the calculation is conducted by the following
steps.

Step 5. Initially, the activities are scheduled by considering the
predecessors and the estimated duration of activities. After identifying the required
resources in CCPM, called “resource loading”, the CPM plan ought to be resource-
leveled.

® ESi start— [9' 6] (10)
® ES; = max[Q EF,] (11)
QEF=QES;+®D; (12)

® EF;= [es; 2] + [d;.di]

where ® ES;= [es; €5;], ® EF;= [ef;.efi], and ® D;= [d;,di] are activities with an
early start, early finish, and duration, respectively.
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Step 6. Most of the time, there is an amount of safety time when estimating
the duration of activities by using the CPM method that, according to the CCPM
method, is useless and leads to prolongation of projects. Thus, to eliminate the
safety time, which is estimated by experts, one-half of the estimated duration for

each activity® D ;4 ; = (doa i,do1a ;)is considered to calculate the final duration
(® Dnew i)-

. -5 1
if ® Doiai = (dowa irdoa i)then & Dnewi =7 (&® Doia ) (13)

Step 7. Initially, the critical chain that can be defined as a set of both
precedence and resource-dependent activities that, if delayed, will extend the end
date of the project; then, feeding chain, which is the set of activities that tieinto one
of the activity that is placed in the critical chain, are determined. Afterward, unlike
CPM in which activities start as soon as possible, in CCM activities begin as late as
possible, meaning that activitiesare scheduled in terms of the end date of projects.

Q LF; = min[Q LS,]
(14)

®LS; =Q LF;, — @ D; (15)
® LS; = [Ufy Ifi| ~ [dp ;]

where ® LS;= [Is;,Is;], ® LF;= [If;,lf;], and & D;= [d;,di] are activities with a
late start, late finish, and duration, respectively.

Step 8. It has been a pressing matter how to size the project buffer
properly; therefore, the project buffer which is considered to be equal to one-half of
the resulting critical chain is calculated and added to the end of the critical chain as

follows:
1 < (16)
®B=3I Zl ® D))
v ick
®ES; >Q®ES;+QD; (17)

where @ B indicates the project buffer; @ D;= [ﬂﬁ] is the duration of activities;

k is a set of activities that are in critical chain; n is the number of activities; @ ESg
is the early start of project buffer; @ ES; and ® D; are early start and duration of
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activity j, which is the last activity of the critical chain and predecessor of the
project buffer.

Step 9. It is considered that the method, which is applied by experts to size
the project buffer and the process utilized to size feeding buffer are alike. Thus,
feeding buffer will be equal to one-half of the feeding chain, and it is placed at the
point, the last activity on feeding chain tie into the successor on the critical chain.

n
1 (18)
&® FB = > [ ; ® D]
V i€FC
® ESpp 2 ® ES; +® D; (19)

where @ FB indicates the feeding buffer; @ D;= [ﬂ,ﬁ] is the duration of

activities; FC is a set of activities that are in feeding chain; n is the number of
activities; ® ESgp is the early start of feeding buffer; ® ES; and ® D; are early
start and duration of activity j, which is the last activity of feeding chain and
predecessor of the feeding buffer.

2.3. Phase 3: Cash flow analysis

Financing during the project can lead to an acceleration of the project
implementation. As such, it is believed that accurate cash flow is urgent for
evaluating the projects, monitoring and controlling the projects, and ascertaining
the project financing requirements. Thus, the creation of project cash flow is not
only crucial for project managers but also significant for project owners. To
calculate the project cash flow, the cost distribution per unit of time needs to be
summarized for the whole project. The calculation is conducted by the following
steps, which are a grey extension of the method utilized by Maravas and
Pantouvakis (2012).

Step 10. Owing to the different duration of activities,tiwo types of
optimistic and pessimistic situations are defined for the best case Min® D;, which
means the activity starts as soon as possible and lasts the minimum duration, and
for the worst-case Max@ D;, which expresses the activity starts as late as possible
and lasts the maximum duration. It is supposed that @ ES;= [es;.es;], ® EF;=

[efi.ef;], and ® D;= [d;,di] are activities with an early start, early finish, and
duration respectively. The intervals of these two cases are calculated as follows:
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Min® D;= [es;, es;+d;] (20)
MaxQ® D;= [es;, es;+di] (21)

Step 11. The maximum and the minimum cost distribution per unit of time
can be calculated by dividing the cost of every activity by both the optimistic and
the pessimistic cases of the activity duration respectively, which is denoted as:

® C; = [ci,¢;], For Activity A: @ Cy = [ca.cal (22)
® C,, = [T (23)
, _ ladl
Min ® CDy = Tespesitdi]
® Cimax: [ﬁ,ci (24)
[cuci
Max Q CDy = —=

[ es;es;+di]

where ® C; = [c;,c;] indicates the cost of every activity; @ C4 = [c4,¢4] is the cost
of activity A; M_ax ® CD; and Min @ CD; are the maximum arﬁ the minimum
cost distribution per unit of time; [es;, es;+d;] and [es;, es;+di] are both the
optimistic and the pessimistic cases of the f;tivi_ty duration, respectively.

Step 12. The total cost ® C; at a specific time period t for the whole

project is equal to the sum of the cost distribution per unit of time t from each
activityi=1ton.

Min @ C,=Yi-, Min @ CD;; (25)
Max ® C;=Y7-; Max @ CD;; (26)

Step 13. Eventually, the project cost curve (cash flow — CF) is the
cumulative plot of the cost per time period for the project duration (T). In other
words, project cash flow is equal to the sum of the total cost per time period for the
project duration, which is calculated as follows:

Min ® CF,=YI_,Min ® C, (27)
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Max ® CF,=YT_,Max ® C, (28)

Furthermore, concerning the two cases which are defined hereinbefore,
there are two min and max cumulative plots of cost. As such, the cash flow
uncertainty (CFU) is defined by the following:

CFU = Max @ CF, — Min ® CF, (29)

3. Case study

To demonstrate the applicability of the proposed model, a real-world
project is presented in the oil and gas industry. It is planned for a Petro-Refinery
Complex (PRC) situated in Bushehr Province in Iran to produce petrochemical
products. It was prognosticated for an incipient design of the South Pars Gas Field
Development Project. This project not only comprised the products like light and
sweet gas for the national gas and liquefied natural gas pipelines, but also it was
predicted for the project to produce other products like ethane, propane, butane,
and pentane from the gas that has delivered to national gas company.To produce
these products as mentioned above, the company works on several projects. One of
these projects, which consists of six main activities, is considered in this paper. All
data, which is collected in this case study, is byPetro refining project reports.

In the first phase, the objective is to select the best scenario for the
implementation of activities. In this way, all respective data is shown in Table 1. In
the first and second columns, activities with dependent relationships are displayed.
Since there are different ways for implementation of activities, depending on how
to implement an activity, different durations, costs, and qualities are considered for
each of them, which are shown in third, fourth, and fifth columns, respectively.
Contrary to the two first criteria, named duration and cost respectively, which are
quantitative, the last criterion, named quality, is qualitative, and its scale can be
observed in Table 2 as associated grey score.

Table 1.Activity network data

First scenario Second scenario Third scenario
Activities  Predecessors
O e} O O ) re) O e} re)
c o c c o c c o c
2 2 2 g 2 2 g = =
<} < <) < <) <
> > >
A e [45, [4500, MG [45, [4500, MG [45, [4500, MG
70] 6000] 70]  6000] 70]  6000]
B A [35, [3500, M [30, [3000, G [40, [4000, VG
55]  4500] 50]  4000] 60]  5000]
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c A [30, [1800, G [30, [1800, G [30, [1800, G
50]  2500] 50]  2500] 50]  2500]

D B.CF [80, [2000, G [90, [2200, VG [85, [2500, M
100 3000] 120 3400] 110 3500]
1 | 1

E D [55, [420,6 VG [50, [450,6 M [45, [4006 G
80]  30] 751 50] 701 00]

F A [20, [2500, MG [20, [2500, MG [20, [2500, MG
40]  3000] 40]  3000] 40]  3000]

Table 2. Valuation of criterion C3- execution quality

Execution quality Associated grey score
Very poor (VP) [0,2]
Poor (P) [2,4]
Medium poor (MP) [4,5]
Medium (M) [5,6]
Medium good (MG) [6,7]
Good (G) [7,8]
Very good (VG) [8,9]

Moreover, Table 3 presents both final values of the scenarios obtained
through normalization after carrying out the mathematical computations of the
TODIM method and ordering of each scenario. Consequently, B,, D;, and E5 are
the scenarios that are chosen for the activities in Table 3, respectively.

Table 3. Final values and ordering

Activities Scenarios Normalized global values Ordering
B, [-457.1,217.8] 2
B B, [-457.5,457.5] 1
B; [-488.5,1] 3
D,y [-33.24,33.24] 1
D D, [-35,25,1] 3
D, [-33.57,16.16] 2
E; [-50.2,1] 3
E E, [-48.04,19.61] 2
E3 [-47.82,47.82] 1

In the second phase, by considering the results obtained through the
lastphase, project scheduling is conducted by applying the CCM method to
compute both early start time and early finish time activities. Table 4 denotes these
results.
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Table 4. Grey-project scheduling

Activities Early start Early finish

A [0,0] [22.5,35]

B [22.5,35] [37.5,60]

C [37.5,60] [52.5,85]

Feeding buffer [47.5,75] [52.5,85]
D [52.5,85] [92.5,135]

E [92.5,135] [115,170]

F [37.5,55] [47.5,75]
Project buffer [115,170] [172.5,255]

According to Table 4, a grey two-dimensional Gantt chart schedule with
the project early start and finish dates, which are presented by grey-numbers, is
illustrated in Figure 1 in which x-axis indicates time, the y-axis shows the activity
name. Unlike the ordinary Gantt charts, activity durations determined by grey
numbers—the grey start date and the grey completion date—which results in the
real start and completion activity boundaries.

Eventually, in the third phase, the project cash flow is calculated based on
the cost of activities and also early start time and early finish time activities. With
respect to two types of optimistic and pessimistic situations, first, the cost
distribution per unit of time is obtained. Then, based on cost distribution, project
cash flow, which is equal to the sum of the total cost per period for the project
duration, is calculated. The results for optimistic and pessimistic situations are
14200 and 19098.9, respectively.

Days
FIN | 5 [ 10 [ 15[ 20 [23[25[ 35 [375] 40 [475] 50 [ 525] 55 [575] 60 | 75 | 85 [ 925] 115 | 135 [ 170 | 173 | 255
5

Figure 1. Grey-Gantt chart
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4. Sensitivity analysis

Moreover, for the purpose of assessing outcomes of the proposed
approach, a sensitivity analysis is performed by considering different criteria’s
weights for three respective activities, in which its results are presented in Table 5.

Table 5. Sensitivity analysis on criteria’ weights

Scenario
Activities  Conditions Weights ranking

Gy G G Gy Gy Gs
main [0.001,0.33] [0.16,0.66] [0.33,0.99] 2 1 3
B 1 [0.001,0.33] [0.33,0.99] [0.16,0.66] 2 3 1
2 [0.16,0.66] [0.001,0.33] [0.33,0.99] 2 1 3
3 [0.33,0.99] [0.16,0.66] [0.001,0.33] 1 2 3
main [0.001,0.33] [0.16,0.66] [0.33,0.99] 1 3 2
D 1 [0.001,0.33] [0.33,0.99] [0.16,0.66] 1 3 2
2 [0.16,0.66] [0.001,0.33] [0.33,0.99] 2 1 3
3 [0.33,0.99] [0.16,0.66] [0.001,0.33] 2 3 1
main [0.001,0.33] [0.16,0.66] [0.33,0.99] 3 2 1
E 1 [0.001,0.33] [0.33,0.99] [0.16,0.66] 3 2 1
2 [0.16,0.66] [0.001,0.33] [0.33,0.99] 2 3 1
3 [0.33,0.99] [0.16,0.66] [0.001,0.33] 3 1 2

The object of the analysis is to exchange each criterion’s weight with
another one. Consequently, three combinations of three criteriaare assessed for
three activities, with each combination stated as a condition. The main condition
indicates the original outcomes of the case study. In accordance with Table 6,
Gs,G,, and G, have the highest rank for activity B, when the first, second, and third
criteria weights are exchanged in conditions 1, 2, and 3 respectively. However,
when the same exchange of criteria weights is performed for activity D, G,, G,
and G5 have the highest rank in conditions 1, 2, and 3, respectively. Besides, G5
has the highest rank in both condition 1, and condition 2 for activity E. contrary to
the two first conditions for activity E in which G5 was the best scenario, G, has the
highest rank in the third one. Thus, Gz has the highest rank in all conditions other
than the third one in this activity. Therefore, with respect to the above-mentioned
table, for instance, it is obvious that choosing G;and G, for activities E and D as
the best scenarios of activities implementation for the Petro refining project is more
reliable.

5. Conclusions

In comparison with the lack of profit in the projects, insufficient cash has a
higher influence on companies going bankrupt due to its importance for supporting
progressing project activities. Thus, forecasting accurate project cash flow is
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extremely crucial not only for project managers but also for contractors. Moreover,
due to the risky nature of projects, there are significant uncertainties, especially in
construction projects, which lead to the invalidity of project evaluations. Thus, it is
necessary to manage them for project assessment. Therefore, a sound approach
including activities with grey durations, qualities, and costs is introduced in this
paper, aiming at providing project cash flow management under uncertain
environment by considering both critical chain project management for early start
and finish time calculation and TODIM method to select the best scenario. The
proposed approach, initially adopted the best scenario, which indicated the best
way of activities execution, by conducting TODIM method under grey-
environment regarding project experts’ preferences and criteria. Then, early start
time and early finish time of activities were calculated by applying a grey
extension of critical chain project management, in which the projects were
implemented considering resource constraints with less time and cost in
comparison with CPM. Subsequently, the project cash flow considering
uncertainties was generated with respect toproject network for both evaluating the
projects and providing project managers with a comprehensive insight into
uncertainties and project financing requirements. Ultimately, a real-world project
was applied to demonstrate the assessment methods application. Therefore, in the
case study, the best scenario for execution of each activity was adopted. Then, the
grey-early start time and early finish time were calculated,and the respective Gantt
chart was illustrated. To compare this method with the critical path method, the
same data was considered for both of them. Without considering the resource
constraints, the total project duration, determined by critical path method was
(200,290) days. When the resource leveling was conducted, the total project
duration was extended to (230,340) days. By using this method, a project schedule
with a (172.5, 255)-day project duration was obtained. Then, the project cash flow
was generatedand after that, outcomes of the case study were discussed. Finally,
sensitivity analysis of significant parameters was achieved.
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