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Project evaluation has to consider financial and environmental impacts
including human, physical and ecological. Currently, the evaluation processin
the city of Jeddah, Kingdom of Saudi Arabia (KSA), does not take all these
impacts into consideration despite the issuance of the general environmental
regulations in 2001 that necessitate the implementation of an Environmental
Impact Assessment (EIA) studies at the feasibility stage of projects, which
might cause adver se effects on environment.

The main objective of this research is to develop a Decision Support System
(DSS) that integrates these impacts into one model to evaluate coastal resort
projects along Red Sea coast at feasibility stage.

The proposed system is composed of two main components, the environmental
and the financial assessment. First, the system assesses the environmental
impacts of the project using fuzzy logic technique by calculating the Decision
Making Coefficient (DMC). The DMC value is compared to the basdline of the
city of Jeddah, which is developed in this research. Those projects that have
DMC values greater than the baseline of Jeddah, suitable mitigation measures
should be proposed to eiminate their adverse environmental impacts. Second,
the system evaluates financially the projects that have no adverse
environmental impacts by calculating Net Present Value (NPV), Internal Rate
of Return (IRR), Payback Period (PBP), Profitability Index (PI), Debt Service
Coverage Ratio (DSCR), and Mitigation Cost/Project Cost (MC/PC).

The systemis validated using three existing coastal resort projectsin the city of
Jeddah. The validation results showed that the three case study projects were
environmentally and financially feasible.

KEYWORDS: Environmental Impact Assessment, Financial Assessment,
Uncertainty, Decision Support System

| - INTRODUCTION

Project appraisal begins by searching for promigilegs to identify potential projects.
Identification of such an opportunity is based loa market analysis of the project and
its projected supply and demand scenario. Techmioalysis is then carried out to
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outline the basic elements of the potential progong with other few alternative

scenarios with respect to project site, technologgterial and implementation method

(Dey 2005). Finally, project evaluation determities project for investment based on

the financial and environmental impacts includingman, physical and ecological.

Theoretically speaking, this evaluation processasgnts a comprehensive appraisal

solution to both private and public sector prastigrs. For this reason, the government

of the Kingdom of Saudi Arabia (KSA) represented thg General Presidency of

Meteorology and Environment (PME) issued in 200& tjeneral environmental

regulations that necessitates the implementation anf Environmental Impact

Assessment (EIA) studies at the feasibility stafgerojects which might cause adverse

effects on environment (PME 2003). One type of speabjects is coastal resort

projects developed directly along seacoasts. Deépit issuance of these regulations,
local EIA practitioners are claiming that the cutreractice of EIA implementation is
still weak and there are problems that must beess$eéd to improve the process. Such
underperformance of EIA process has been attritotéae following reasons:

1. EIA study is carried out mainly to satisfy staty agencies ignoring the fact that
the standard practice of EIA usually suggests radtier designs, materials and
construction techniques as a mitigation measurdsesd measures could be
tangible (financial) and might incur Mitigation @egMCs) that are not considered
in the final financial assessment.

2. The decision for approving EIA study is compleecause the evaluation of impact
significance is both quantitative which is exprelsas a regulatory threshold and
qualitative that represents subjective values.

There are number of Decision techniques proposeithenliterature for the
evaluation of projects. Two categories are notewgrtthe economic models
(McCowan and Mohamed 2002) and Multi Criteria Diexis Making (MCDM)
techniques that include Multi Attribute Utility Toey (MAUT) (Keeney and
Robilliard 1976), Analytical Hierarchy Process (AHP'samboulas and Mikroudis
2000), and Neural Networks (NN) (Shepard 2005).rétoee, the main objective of
this research is to develop a Decision Support e8ys(DSS) that integrates the
financial and environmental impacts into one mddetvaluate coastal resort projects
along Red Sea coast at feasibility stage.

Il - RESEARCH METHODOLOGY

The methodology followed in this research to achimsearch objective is divided into
two phases as follows: Phase |- Literature reviemg Phase II- System Design &

implementation. Literature review phase establiski®es real characteristics and

criteria, which should be reflected when develogimgproposed DSS of this research.
System Design & implementation phase presentsailetdescription of the concept,

structure, and mathematical formulation of the psmal system that includes EIA as
well as the financial assessment decision compenent
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Il - SYSTEM DESIGN

The proposed system is composed of two main conmeng) EIA, and (2) Financial
assessment. Every component consists of three esdul Input, (2) knowledge base,
and (3) Output module. Figure (1) represents th& B&wvchart.

111-1-EIA System Design

To start EIA modeling, the Delphi technique wasduge obtain an industry feedback
from a panel of practitioners on the environmeitgdacts that have to be used as the
input variables for EIA decision component. A i§t24 impacts was collected. Two of
them (Water and Air quality) are quantitative aralé regulatory thresholds in the

Saudi environmental law.
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A domain expert in the field of EIA was consulteddefine the parameters of
Air and Water quality that should be included ie #nvironmental assessment. The
parameters selected by the domain expert for Adtityuwere Sulphur Dioxide (S
Nitrogen Dioxide (NQ), Particulate Matter (P\) and Carbon Monoxide (CO). The
parameters for Water quality were Dissolved Oxy@@®), Total Suspended Solids
(TSS), Ammonia Nitrogen (N4N) and Biochemical Oxygen Demand (BOD). The
domain expert had been consulted for the groupihgmpacts to represent the
environmental condition. One of the best waysnd fiow the decision can be detailed
is to arrange these individual variables according top down decision tree structured
in a hierarchical form as suggested by Boclin arelld/(2006), and Litet al. (2007).
At each node, a group of input variables is aggeetjto a new one. This makes four
layers of abstraction. The first layer contains itidividual input variables concluded
from Delphi survey. Every group of variables congéis several sub groups.
Subsequently, sub groups constitute higher ordeupy of human, ecology, and
physical from which the total environmental corafitiis concluded. All sub groups
and groups are considered as the indicators. F{@ymepresents the entire structure of
the Impact Decision Tree (IDT) for Jeddah caseystud

EIA Input Module

After defining the input variables, the input vaduer each individual input variable is
estimated by quantifying the impact evaluation ighsicance. According to UNEP
(2002), impact evaluation is a result of multiplyitmpact importance by impact
magnitude. The technique used to determine eacadnimportance weight is the Pair
wise Comparison method. The implementation of tiacfinique on this research study
is conducted for every group of variables whichstibute a subgroup. The domain
expert is invited to conduct his own assessmenalfaroups of variables with respect
to the conditions related tbe city of Jeddah. The qualitative scale usedeterchine
impact magnitude ranges from (0) to (100) pointsaghitude and direction are
simultaneous. There are two common linguistic scafgpossible values or terms used
in EIA studies to assess every input variable, fimguistic values scale, and seven
linguistic values scale.

The five values scale was adopted as the seveers/ahale is considered too
cumbersome for assessors. The adopted five lingwiatues scale is Very Negative,
Negative, Neutral, Positive, and Very Positive. gvaput variable has a specific
range of magnitude corresponding to every linguistlue. The extraction of such
knowledge had been conducted from the domain expgeotwas asked to define the
magnitude range corresponding to every linguistilue for each input variable. The
guantitative base variables has only three linguistlues of Negative, Neutral and
Positive since uncertainty is reduced by the ramrahresholds. The domain expert
was asked to conduct his assessment concerningndgeitude values based on the
magnitude ranges of the five linguistic values scaith respect to the conditions
related to the city of Jeddah. Once importance kg and magnitude of each input
variable are identified, then the crisp input vahfeeach input variable could be
calculated by multiplying importance weight by magde value for each input
variable. As far as the quantitative parametersiofand water quality impacts are
concerned, the information of the annual averagdings of air quality parameters for
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the year 2009 were taken from PME, and the infaonabf the annual average
readings of water quality parameters dischargedn ftbe outfalls of the sewage
treatment stations for the year 2009 were takem ftbe Ministry of Water And
Electricity. Table (1) represents the crisp valtmssome of the input variables with
respect to the conditions related to the city afdad. The result of multiplying every
input variable importance by its magnitude is thamgified evaluation of significance
for each variable and is considered as the crifgeyavhich shall be fuzzified in the
knowledge base.
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Figure (2) Impact Decision Tree (IDT) for Jeddats€&tudy

EIA Knowledge Base

EIA knowledge base constitutes of membership fonstiMBFs) of input and output
variables, development of rules and the defuzzifica
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Table (1) Crisp Input Valuesfor some of the Input Variableswith Respect to the
Conditions Related to the City of Jeddah
Note: Grey Color Cells Represent a Reversed Scale Variable

No. Impact Influence Magnitude | Importance Crisp Input Value
1 Permits Approval VN 80 0.50 40.00
2 Health & Safety Neutral 75 0.33 24.75
3 Public Attitude Neutral 50 0.21 10.50
4 Revenues P 65 0.33 21.45
5 Waste Collection | Neutral 70 0.30 21.00
6 Vegetation Cover | Neutral 50 0.43 21.50
7 Coral Reefs VN 90 0.29 26.10
8 Noise Levels VP 25 1.00 25.00
9 Coastal Erosion Neutral 40 0.43 17.20
10 DO (mg/l) Bad 3.72 3.72
11 SO, (ppm) Good 34.58 34.58

= Membership Functions (MBFs)

For MBFs, Every Input and output variable has ssvanguistic values and each one
is defined by a MBF. The MBFs used are three remtesl by the linguistic values of
Bad, Critical and Good. Therefore, each crisp value obtained from theistlinput
variable is correlated to the established lingaigstilues, which the basis varied from
zero to 100. MBFs are represented graphically thgrdint shapes. The Gaussian shape
is selected for the developed model. Two reasonshfe selection (Shepard, 2005):
first, Gaussian MBFs are extensively used in EIArépresent the meaning of
measured components in the existing environment emhges predicted under
different alternatives. Secondly, they represeat lite situations, as they are non zero
at all points. The parameters utilized to drawNteC curve are standard deviation and
centre for the Gaussian curve. To define thesenpeteas, the domain expert was
asked to define the magnitude ranges for everytiapd output variable corresponding
to the three linguistic values &ad, Critical and Good. After the definition of these
ranges, the calculation of the parameters of tleecwas computed using Microsoft
Excel.

= Rules Development

The rules that operate the relationships amongadhables have to be established. The
methodology used in this research study to develmp rules is the knowledge
extraction through domain expert. In each rule blot fuzzy knowledge base, the
composition of the input and output variables csingf two main partdf (antecedent)
andThen (consequent). While thé part of the rule describes the situation for which

is designed, th&@hen part describes the action of the fuzzy systemhia situation.
There are 14 rule blocks of fuzzy knowledge based operate the relationships
among the variables. In order to operate the fgety, several meetings had been held
with the domain expert to extract the rules. Thaditions established by the rule
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blocks were assumed by the domain expert to bbeofdstriction type with thénd
sets combinationAnd means that we have an intersection of two sets.Khlowledge
base rule for water quality can be exemplified. Plagameters of water quality are
DO, BOD, TSS, and NHN. According to the knowledge of the domain expB®
and BOD are complements to each other and shouig the same condition whether
Good or Bad. Therefore, any contradicting relationship betwésm in the rule set
does not reflect real life conditions. Moreover, ¥a determinant parameter that
affects the condition of the resulting water qualit the sense that DO reflects the
level of Oxygen in water, therefore, if Oxygen Ieve Bad, then this means that
aquatic and marine life is exposed to death hazandsvice versa. Accordingly, 37
rules representing the relationships among watelitgjyparameters were developed. A
sample of the rules developed for the water quéliywledge base is shown in Table

(2).
Table (2) Sample of Water Quality Knowledge Base Rules

No.| DO | Op* | NHsN | Op* | TSS | Op* = BOD | THEN <\2Al/1 zt“et;
1 Bad THEN Bad
2 | Critical | AND Bad AND | Good | AND | Critical | THEN | Critical
3 | Critical | AND | Critical | AND | Good | AND | Critical | THEN | Critical
4 Good | AND Bad AND | Critical | AND | Good | THEN | Good
5 Good | AND | Critical | AND | Critical | AND | Good | THEN | Good
6 | Critical | AND Good | AND | Critical | AND | Good | THEN | Critical
7 Good | AND Good | AND | Critical | AND | Good | THEN | Good
8 | Critical | AND Bad AND | Good | AND | Good | THEN | Good
9 Good | AND Bad AND | Good | AND | Good | THEN | Good

10 | Critical | AND Good | AND Bad | AND | Good | THEN | Critical

11 | Good | AND Good | AND Bad | AND | Good | THEN | Good

*Op = Operator

= Defuzzification

The results of the operation in these knowledge vake blocks are represented by
linguistic values, which need to be converted beck crisp number. This resultant
number represents the existing environmental cimmdibr the projected future
conditions of the alternative. The process of repnéing a consequent fuzzy set as a
crisp number is called defuzzification. The value tbe consequent set can be
determined by several methods. According to She(#0@5), the center of gravity is
suitable for the semantics inherent in an EIA arakes a good default that will be
appropriate most of the time. This defuzzified gnslue is considered as the Decision
Making Coefficient (DMC) for the EIA system developnt. This DMC value
represents the magnitude of relative severity enetivironment. The higher the DMC
magnitudes, the change to environment conditioniseio be bad and vice versa.
Concerning the baseline for the existing conditiafsthe city of Jeddah, the
defuzzified value resulted from the inputted crisgdues which was based on the
assessment of the domain expert for importancehteignd magnitude values for all



Mohammad Abdul Rahman Kattan, Mahmoud A. Taha, ...

input variables was (56.04). This defuzzified valsecalled Jeddah DMC and was
calculated by simulink of Matlab software. JeddaM® is embedded in the
knowledge base of the EIA system design and coreidas a standard baseline or
benchmark from which any project alternative is paned and evaluated.

EIA Qutput Module

The output module of EIA decision component shosvghe user the resultant DMC
for the project alternative under investigationisTBMC has a priority in evaluation
for the comprehensive assessment of coastal rpegects. This DMC is compared
with the baseline of the city of Jeddah which isedeped in this research work. If
DMC for the project alternative is greater than blaseline of the city of Jeddah, then
the alternative project is environmentally unacablg and an additional mitigation
measures are to be proposed and consequently lami@s are to be estimated until
the DMC for the project alternative becomes eqoaidrtless than the baseline of the
city of Jeddah. If DMC for the project alternatii® equal to or less than Jeddah
baseline, then the project alternative is enviramialey acceptable and the estimated
tangible MCs are satisfactory and shall be usesghasput in the financial assessment
decision component.

I1I-1- Financial Assessment System Design Input Module

The input module begins if the project is environtadly acceptable. Then, parameters

of life cycle costs including mitigation measurests and project revenues are to be

defined. The current practice in the local markEtK&A concerning the financial

parameters identified in the financial assessmenbhclude the financial performance

measures of a project are as follows:

» Cash Out (Costs) that includes land value, project costs, loan @meddebt service
and annual operating costs.

e Cash In (Revenues) that includes loan amount, annual revenues andtbject
salvage value.

Knowledge Base

The knowledge base module of the financial assasspeforms the function of the
computation of the mathematical formulae concernirg financial measures. These
measures satisfy the several parties involved endécision making of the project
including:

e Equity Holders are satisfied with thé&et Present value (NPV), Internal Rate of
Return (IRR), Payback Period (PBP), Profitabilitgdéx (PI), and ratio of
Mitigation Cost/Project Cost (MC/PC).

* Lendersare satisfied with Debt Service Coverage Ratio (RpC

The Output Module

The output module of the financial assessment mbdslto show the results of the
several financial performance measures. The aittor the acceptability of these
performance measures are as follows:

* NPV: Positive numbers.
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* IRR The resultingRate has to be greater than the loan interest ratéeoptoject
alternative.

« PBP: The resultingNumber of Years has to be suitable to the project investor.

* PI: Greater than one.

« MC/PC: Less than or equal to 5%.

« DSCR: At least equals to or greater than one.

IV - VALIDATION

The system design of EIA decision component had beefied by conducting several
iterations of trial and error process to ensurd thaults concluded are logical. The
first trial concluded that the decision range waslogical since the result of the two
iterations of worst and best conditions lie onlyhn number (54). The second trial
concluded that the decision range lies between88487.50) which is logical.
Moreover, the resultant DMC for the city of Jeddad. 56.04) lies within the decision
range concluded. Concerning the three case stuggags, the resultant DMC for the
first case study project is (51.34), the DMC foe thecond case study project is
(52.45), and lastly, the DMC for the third casedgtproject is (54.88). Therefore, the
results of the three DMCs for the three case sfudjects were all between (48.83-
57.50). Analysis of the DMC results for the threse study projects are detailed later
in this section. Figure (3) represents the procdssial and error. The accuracy of
financial formulae calculated by CACRP were vedfiey comparing the program’s
assessment results for the three case study wojeith financial calculations
produced by Excel spreadsheet for all three prejdcible (3) represents a comparison
of financial assessment results. The comparisorwshdearly that all financial
performance measures calculated by CACRP are tyjodhose calculated by Excel
Spreadsheet. Three real life case study projeetsused to validate the developed
system. A set of criteria were developed to enthaiethe case study projects selected
would be effective in validating the developed eyst These criteria include data
availability (EIA and financial), and various sizefsprojects. As far as the assessment
of EIA model, the assessment of magnitude and itapoe weight of each input
variable is conducted by the senior manager of gacject. Table (4) represents the
crisp value calculation for the three case studygets. The information pertaining to
financial parameters for the three projects artectddd from the management of each
project. Table (5) represents the financial infdiorafor the three case study projects.
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Table (3) Comparison of Financial Assessment Results

Financial Casgnsetudy Ca§r(\aN gtudy Ca‘?ﬁrgztaUdy
Performance

Measure | cACRP| Excel©® | CACRP| Excelo | CACRP | Excel®©
1. NPV 135.¢ 135.¢ 7.6¢ 7.6¢€ 1.8¢ 1.8¢
2. IRR 18.51 18.51 10.5¢ 10.5¢ 10.3¢ 10.3¢
3. PI 1.2z 1.2z 1.0¢ 1.0¢ 1.01 1.01
4. MC/PC 3.3¢ 3.3¢ 2.0% 2.05 1.6¢€ 1.6¢€
5. DSCF 12.6¢ 12.6¢ 2.9¢ 2.9¢ 2.0¢ 2.0¢
6. PBF 4 4 13 13 13 13
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Table (4) Crisp Value Calculation for the Three Case Study Projects

Case Study One

Case Study Two

Case Study Three

) = © = © =

No. Impact é % é‘g % % é‘g :qg: % é‘g
¢ 2 8% 2 & 8% § g 8%t
p= E |G = E |G = E | O

1 Permits Approval 5 0.57| 2.85 35 | 057 19.95| 90 0.63| 56.70
2 Law Enforcement 90 0.43| 38.70 90 0.43| 38.70 95 0.37| 35.15
3 | Health&Safety | 10 | 035 350 | 7 | 034 238 20 | 0.33 6.60
4 Public Attitude | 90 | 0.21/ 18.90| 55 | 0.20/ 11.00| 55 | 0.21] 11.55
5 Ethics 45 | 022 990 | 45 | 023/ 1035 45 | 021 9.45
6 Quality of Life | 100 | 0.22 22.00| 90 | 0.23| 20.70| 50 | 0.26] 13.00
7 Land Values 60 | 0.23) 13.80| 60 | 0.25/ 1500 60 | 0.31| 18.60
8 Revenues 100 | 050 50.00| 95 | 0.38 36.10| 70 | 0.33] 23.10
9 Employment 95 | 027 25.65| 95 | 0.37| 35.15| 65 | 0.36] 23.40
10 | Design Comp. | 95 | 0.24| 22.80| 60 | 023 13.80 40 | 0.23| 9.20
11 | Services Provision 100 | 0.27 27.00| 95 | 0.24| 22.80| 70 | 0.29] 20.30
12 Aesthetics 95 | 0.22] 2090| 95 | 0.25/ 23.75| 50 | 0.20] 10.00
13 | Waste Collection| 100 | 0.27 27.00| 95 | 0.28 26.60| 60 | 0.30| 18.00
14 | Vegetation Cover, 10 | 0.50 5.00 | 30 | 0.60 18.00| 95 | 0.43| 40.85
15 (E{‘gr'rfsﬁﬁ;'l‘;s 10 | 050 500 | 90 | 0.40 3600 90 | 0.57| 51.30
16 Coral Reefs 90 | 0.29] 26.10| 90 | 0.34] 30.60| 90 | 0.29] 26.10
17 | Coastal Fisheries, 25 | 0.18 450 | 70 | 0.20| 14.00| 70 | 0.18] 12.60
18 Mangroves 90 | 0.26] 23.40| 90 | 0.24| 21.60| 90 | 0.26| 23.40
19 E?ﬁ(‘qiﬁfcg'es 90 | 0.27 2430 90 | 0.22/ 19.80| 90 | 0.28| 25.20
20 Noise Levels 15 | 1.00/ 15.00] 25 | 1.00/ 25.00| 55 | 1.00| 55.00
21 L'q“g’egir&i':'ca' 10 | 050 500 | 10 | 050 5.00 @ 20 | 0.57 11.40
22 | CoastalErosion | 10 | 0.50| 5.00 | 15 | 050/ 7.50 | 50 | 0.43] 21.50
23 DO (mg/l) 890 | -~ | 890 | 840 -- | 840  810| - | 810
24 NHs-N (mg/l) 08 | -~ | 080|070 - | 070 | 040 | - | 0.0
25 TSS (mgll) 1150 | - | 11.50| 10.75 - | 10.75| 12.80| - | 12.80
26 BOD (mg/l) 17.90 | - | 17.90| 19.60, - | 19.60| 18.70| - | 18.70
27 SQ (ppm) 2435 - | 2435|3166 -- | 31.66 66.00| - | 66.00
28 NG, (ppm) 4780| - | 47.80|58.71 - | 58.71| 87.00| - | 87.00
29 PMo(mg/nt) | 16.44 | - | 16.44 | 1221 - | 12.21)| 44.80| - | 44.80
30 co(mg/nT) 450 | - | 450 | 480 | 48 420 - 420
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Table (5) Financial Information for the Three Case Study Projects

Financial Parameter Case Study Case Study Case Study
One Two Three
1. Land Value 165.000 40.000 9.000
2. Project Costs - -- --
a. Construction Costs 234.100 132.144 73.736
b. Pre operating Costs -- -- --
- Recruitment 0.600 0.250 0.135
- Design Fees 3.500 1.000 0.100
- Consultancy Fees 8.500 2.000 0.350
- Marketing 0.350 0.050 0.000
- Miscellaneous 1.250 0.175 0.045
c. Mitigation Costs 8.700 2.856 1.264
d. Working Capital 1.930 0.970 0.506
3. Annual Loan Repayment 57.846 15.227 7.683
4. Annual O & M Costs (before Amortization) 19.304 9.704 5.060
5. Annual O & M Costs (Amortized) 16.464 9.009 349
6. Expected Sales of Residential Units 540.000 ®.00 0.000
7. Annual Revenues 18.800 27.725 14.800
8. Salvage value (End of Year 15) 389.258 189.99 6.0%
9. Loan Amount 225.000 85.000 40.000

O & M: Operation & Maintenance
Note: All values are in Millions SR

Once all three project data files has been createdinputted in CACRP for
the three case study projects, the analysis caultbhducted for the evaluation for the
three projects. The results for the evaluationhaf three projects are presented in

Figure (4).
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CACRP: Analysis Results = |

Help Print ]

Analysis Results

| Project | DMC | NPV [ IRR | PBP [DSCRIMC/PC] PI |
EEEEE] 5245 766 (1058 | 18 | 289 | 205 | 1.03
IEREE) 5488 189 (1039 | 13 | 209 | 1.66 | 1.01
51.34 1359 1851 4 1265 336 1.22

Back Exit

Figure (4) CACRP Assessment Results

CACRP evaluated the three projects according firsthe Decision Making
Coefficient (DMC) for the environmental assessnhantollows:

1. Case study one — Durrat Alrous project with the lowest DMC of (51.34);
2. Case study two — ANakheel project with a DMC of (52.45); and
3. Case study three — Al-Remal project with the higi#dC of (54.88).

The DMC for every project was less than the DM@hef city of Jeddah which
is equal to (56.04). Therefore, all three projegese environmentally acceptable and
feasible which allowed the financial assessmentttierthree projects to be initiated
and analyzed. Looking at the financial assessmeérthe projects, from the equity
holder’s perspective, case study three projectR@ral) is the least feasible with the
lowest NPV of SR 1.89 millions and IRR of (10.39%he most feasible project is
case study one (Durrat Al-Arous) project with anN§f SR 135.90 millions and IRR
of (18.51%). From the lender’s perspective, theaye DSCR should at least equal to
one or greater for the project to be consideredilbéa It is evident that from the
results of DSCR that lenders would consider casdysbne (Durrat Al-Arous) project
is highly feasible with an average annual DSCR1&.§5) and case study three (Al-
Remal) project is the least feasible with an aver@gual DSCR of (2.09).

From an overall assessment perspective, case stgl\project is the most
feasible option due to the following achievemeritparformance measures:

1. Environmental DMC = (51.34) is less than Jeddah D#6.04) and the least
among other case studies;

NPV=SR. 135.90 is positive and the highest among other case studies;

IRR= 18.51% is greater than projéaterest rate (9%);

PI=1.31 is greater than 1;

. MC/PC=3.36% is less than 5% and hence within the acceptable limit;

PBP= 4 which is excellent; and

DSCR= 12.65 is greater than one.

Noah~wd
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The second feasible project is case study two (@4Heel) project and the
least feasible project is case study three (Al-Remepject. Table (6) represents a
comparison of final assessment results.

Table (6) Results of Assessment M easures

ASSESSMENT MEASURES
Proposed
Project EIA MC
DMC NPV IRR PBP Pl DSCR PC
Case Study | 5134 | 1359| 1851| 4 | 1.22| 1265 3.36
One
Case Study | 5245| 7.66 | 1058| 13 | 1.03| 2.99 2.05
Two
Case Study | 5488 | 1.89 | 10.39| 13 | 1.01| 2.09 1.66
Three
BASELINE 56.04 | JEDDAH EXISTING ENVIRONMENTAL CONDITIONS

V - CONCLUSIONS

This research study developed a DSS that integthgeénancial and environmental
impacts into one model to evaluate coastal resaijegts along Red Sea coasts at
feasibility stage. An environmental base line foe existing conditions of the city of
Jeddah was developed utilizing the expertise obraadn expert to operate the fuzzy
logic approach. This developed baseline was usdgtiashmark for the evaluation of
project alternatives and proposals. The system alédated using three existing
projects. The results showed that the system i&ingprofessionally.
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