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General Introduction  
 

 It is very well known that the international trade plays a crucial role in economic growth. 

Hence, it is considered the driving force in growth, and as the determining factor to wealth. 

 For more than twenty years, major and extremely strong changes have reshaped the global 

economic landscape and influenced both the international trade and the international transport; they 

are the heart of a growing global economy. 

 The observation of these transformations highlights some major trends in terms of 

quantitative and qualitative changes in maritime transport stream. The development of a global 

economy, since the Second World War, were grown international trade faster than world output. 

 Shipping control is one of the elements of the production control. Indeed, countries have 

tried to have an effect on the shipping industry to gain some control over the integration of their 

global economy. In particular, the creation of a national fleet has represented one of the most 

commonly advocated solutions. 

 Nevertheless, maritime sector is rapidly developing. This is an area that was heavily marked 

in recent decades by the major technological and organizational changes that make it very quickly 

obsolete fleet. First containerization has made an entry into force, and tends to cover more and 

more products. The appearance of specialized vessels that have smaller sizes compared to bulk 

carriers, giant bulk carriers, also changed the shipping configuration.  

 The significant increase in productivity in the transport sector, particularly sea transport 

through the generation of the container, made the movement of goods over long distances not that 

costly.  

 Maritime transport can play a very important role in making the access to some distant 

markets that used to be considered as very difficult and at some point unattainable, now, it is seen 

as an opportunity for exporters. 

 Nowadays, because of the tremendous importance of the maritime shipping in the 

international trade, maritime transport mainly contribute to the promotion of exports and business 

success in their adventures abroad. Therefore, an operation for export or import by sea should be 

performed in good conditions.  
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Part I: General Presentation 
 

MARSA MAROC Overview 
 

MARSA MAROC is now considered as the national leader of the port terminal operator in 

Morocco. MARSA MAROC provides handling, storage and port logistics and services to ships in 

the 9 ports where it is present. Since its establishment in December 2006, MARSA MAROC is 

deeply engaged in a development process in line with the dynamics facing the logistics sector in 

Morocco, in addition to prioritizing the building of quality services through human capital 

development and continuous improvement of its equipment fleet. MARSA MAROC aims to 

become as a benchmark basis to port operator regionally. 

 

The port operating company was created by the Act 15-02, it is a limited company with an 

Executive Board and Supervisory Board. It is governed by Law No. 17-95 on public limited 

companies and 15-02 Act relating to ports, it is a public body with industrial and commercial 

character. The legal framework for MARSA MAROC is characterized by separate legal personality 

in management. 

MARSA MAROC created by Royal Dahir gives it the right to administer and manage its 

own resources under his full responsibility, exploit dock terminals and on board and to own its 

shares and to defend its interests in court. Moreover, MARSA MAROC provides on behalf of the 

state and under its control, port police and fisheries missions. 

On 1 July 2007, the company operating the ports delivered its new brand name, MARSA 

MAROC. A new visual identity to express its new personality and its new mission, thus following 

the change experienced by the national port sector as a whole[2]. 

 

 

 

 



Page | 6  
 

I. Company’s ID:  
 

 

II. Organizational Chart of MARSA MAROC:  
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III. MARSA MAROC Intervention:  

 

MARSA MAROC involved in the main ports of the Kingdom namely: Nador, Tangier, 

Mohammedia, Casablanca, Jorf Lasfar, Safi, Agadir, Laayoune and Dakhla. It consists of [2]: 

General headquarter in Casablanca which aims to: 

 Ensuring consistency in development policy and strategic direction of all 

ports. 

 Develop a common political and Commercial Marketing. 

 Establish procedures and procedures for better harmonization and 

optimization practices and rules of port operations. 

 Define common management rules regarding the support and support 

functions. 

 

Operations direction each representing one of the above ports whose role is to ensure the 

representation of the Directorate General at the port on all its missions and functions. 

 

IV. MARSA MAROC Operations’ Portfolio  

The implementation of multisite confers specific expertise as Handler (Import-

Export), leader particularly in the following areas [2]: 

Bulk Solid:  

 Port Safi (Sulfur and ores). 

 Port of Jorf Lasfar (Coke petroleum, fertilizer, animal feed). 

 Port of Nador (coal, barite). 

 Port Laayoune (Sand). 

 Port of Casablanca (coal, cereals). 
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Bulk Liquid: 

 Port of Mohammedia (Hydrocarbons). 

 Ports Jorf Lasfar, Safi, Agadir and Nador (Oil, Gas, Caustic Soda). 

Container Traffic: 

 Ports of Casablanca, Agadir and Tangier Med. 

MARSA MAROC Port Operator and Integrator Logistics Solutions offers its customers a wide 

range of services[2]: 

- Services to Ships (tugboat operation, mooring and supply of water ...). 

- The Services Merchandise (unified handling, pointing, shopping, weighing, stripping and 

stuffing of containers and trailers ...). 

- The Related Services to the Rear (hauling, stacking of goods, loading and unloading 

trucks ...).  

 

V. Presentation: DEPS: 

 

The “Direction d’Exploitation du port de Safi” is a division of SODEP (port operating company) 

that operates and provides management and maintenance to the port of Safi. Since the port of Safi 

constitute a coastline of Doukala Abda. Also, it is close to Tensift an area extremely rich in 

minerals, particularly phosphates, which led the big mining company OCP to target the closest port 

in the region. 

 

Internal DEPS Divisions: 

1. Commercial Division: 

- Its main mission is to ensure billing services and port charges and also representing the 

port management services to the clients and also internally to the head management in 

the SODEP. Besides monitoring the legal service of the DEPS. 
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2. Operations Division: 

 

This division deals with management of mechanized stations (operation and maintenance 

of equipment) and also the bulk material transit through the port. It consists of two 

services: 

- Tools service: 

This service is responsible for the technical management of the tools, and all the resources 

of the port .Also in charge of providing maintenance to these tools in good working 

condition. 

 

- Handling Service: 

It is responsible for handling storage and processing of goods and ship calls. Similarly, it 

ensures optimal management of its human and material resources according to the schedule 

of its tasks. 

 

3. Technical Division: 

This division meets the needs of service SODEP It consists of two services: 

     - Purchase and Supplying service which satisfy the needs of different goods entities and 

services entities. Also it is charged by tracking orders and tracking invoices settlement 

provided by the finance and accounting division. Moreover it monitors the maintenance 

and operation of the port’s infrastructure. 

 

4. Finance and accounting Division: 

- Its mission is to ensure the financial and budgetary management of the DEPS and to 

undertake the review of the financial information system like accounting and budgets. 

 

5. Human Resources Division: 

Its aims to: 

- Ensures an adequate and stimulating social climate. 

- Increase the heritage values, knowledge, and experiences within the DEPS. 
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- Apply human resources policy defined by the senior management (SODEP) within the 

DEPS. 
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PART II:   Finding the Activities Affecting the 

Productivity of the Rive Quay 
 

I. Abstract: 

 

Seafaring transportation is a key network of global sea trade which has improved significantly 

over the past few eras. The proper management and planning of port operations taking into 

consideration the constantly increasing demand represents a big challenge. From previous studies, 

it is well recognized that operations research techniques and methods can be efficiently used to 

optimize port operations and boost terminal productivity[7] . While important contributions have 

been made and completed in the side of container terminal management, comparatively small 

attention has been directed to bulk port operations. Generally, the bulk terminal managers are 

challenged of maximizing the performance of both the operational and the managerial edges. In 

Morocco, port managers face a big challenge in keeping the competitiveness rate very high due to 

the increase in demand and services. However, the goal of this capstone project is to put under the 

light the case of Safi bulk port more specifically the Rive quay side by analyzing the performance 

of its departments in terms of monthly realization using real continuous data from the port’s 

dashboards and KPIs to compare it with the productivity of the quay in order to highlight and 

suggest ameliorations on the deficiencies in the operational and managerial levels.  

The suggested work is meticulously analyzed from a financial perspective, and from a STEEPLE 

point of view, which leads us to the conclusion that it is simple to use, long-term inexpensive, safe, 

and has no impacts on the environment. In addition, this method can be modified and subjected to 

improvements in order to better suit future applications. 

 

Keywords: Bulk port; Quay productivity; KPIs; Dashboards; Competitiveness 
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II. Methodology: 

 

To finish this project I had to follow a methodology that I will be describing in details 

throughout this section. This project consist of finding the factors affecting the productivity of 

the Rive Quay of the port of Safi in order to meet the increasing demand and traffic flow and 

end up by suggested amelioration that will increase the productivity of the quay: 

I’ve divided the project into three main sections:  

 

1. Work on collecting the data from different departments in the port that have direct relation 

with the Rive quay. Also, analyze the data using IBM SPSS software in order to find the 

best model describing the quay’s productivity. 

2. Work on designing and simulating the part or parts where the independent variables 

affected the productivity negatively the Rive quay’s using Rockwell ARENA Simulation 

software, since it will provide the forecasted and optimized statistics on the port 

performance and will allow the comparison among the two results. 

3. Work on the suggestions to ameliorate the Rive quay’s situation. The suggestions must 

follow the regulations’ framework. 

 

III. Introduction: 
 

Morocco has emerged as the third largest Sulfur importer in the world after China with 

a 3.7 million tons in the year of 2014 [6]. While the sulfur import rates in countries like 

China, USA and India are about 21, 3 and 2.7 million tons respectively. This last makes the 

Port of Safi one of the most important trading port in Morocco especial the Rive quay since 

it is the only sulfur importing quay. This last bounded the productivity and capacity of 

sulfur importing due to many operational and managerial constraints.  In the presence of 

such problems many engineers and researchers have started working on finding solutions 

to optimize and improve the productivity of terminals and quay sides in port. Many 

solutions have surfaced and a lot of interest was shown by analyzing the Key performance 

indicators and dashboard in order to positively make a change in decision making.  

My capstone project consists of analyzing the last three years’ data of Safi port’s 

dashboards which includes: financial, commercial, technical and operational performance 

indicators.  
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The analysis will use linear regression method of continuous variables. A complete 

description of the analysis is presented including the general procedures and calculation to 

obtain the best model describing the productivity of the sulfur quay. And also from a 

STEEPLE point of view, which leads us to the conclusion that it is simple to use, long-term 

inexpensive, safe, and has no bad impacts on the environment. In addition, this method can 

be modified and subjected to improvements in order to better suit other facilities. 

 

IV. Data collection, selection and analysis: 
 

After several visits to the Port, I had the opportunity to understand how the Rive quay 

operates and how also to see how the data was collected and tracked. The port of Safi uses an 

automated database system that records data among its departments.  

Different GUI software, sensors, and timers record, process, or calculate different operations, 

transactions, and rates into continuous data. These last is tabulated as shown bellow[4]  : 

 

 Figure1: Screen shot from of Import indicators of the commercial dashboard 

As illustrated the table has the name of the indicator, its monthly realization or achievement 

“Realization M”, its monthly forecasted value “Prevision M”, and the monthly realization or 

achievement of the same month of the previous year “M (M-1)”. However, in my analysis I will 

be using only the monthly realization since I am studying the productivity of the Rive quay. 
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Many questions raised after collecting monthly data of the last three years (2012, 2013, and 2014) 

from the port. The selection of the variables was based on understanding the process of sulfur 

import in parallel with all the financial, technical, operational, and commercial activities executed 

in the quay.  

So the indicators chosen were: 

Corrected Gross Productivity (Sulfur): which represents average import yield of sulfur in tons 

per day (T/Day) (Monthly recorded).  

Unloading Crane Availability (Sulfur Quay): The degree to which the sulfur unloading crane is 

in a specified committable and operable state at the start of an operation and it is represented in 

% rate per month. (2 units only one is operation) 

High & Low Capacity Loaders Availability: The degree to which the high capacity loaders is in 

a specified committable and operable state at the start of an operation and it is represented in % 

rate per month. Their mission is to group the unreached bulk material inside the bulk ship in order 

to be handled by the crane (4 units). 

OCP Conveyor belt Availability: The degree to which the bulk conveyor is in a specified 

committable and operable state at the start of an operation and it is represented in % rate per 

month. Its mission is to transport bulk Sulfur from the quay side more specifically from under the 

quay crane to the OCP Storage. 

Consumption and Maintenance Expenses: This indicator reflects the maintenance, fuel, 

lubricants and electricity expenses of the resources mentioned above and it is represented in MAD 

per month. 

 

Rive Quay Occupancy Rate: This indicator indicates the level of berth utilization, which is the 

total time when the berth is occupied by a ships, over a given time period and it is represented in 

% rate per month. (note that the quay can support one bulk ship at a time). 

 

Waiting Time of ships offshore: This indicator accumulates the monthly waiting time intervals 

of incoming ships waiting their turn to berth and it is represented in Hours per month. 
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Number of waiting bulk ships:  This indicator marks the number of waiting bulk ship that 

accessed the Rive quay and it is represented by units per month. 

 

Operating Revenues: This indicator reflects the income derived from sources related to the Port 

of Safi everyday business operations and it is represented in MAD per month. 

 

Operating Expenses: this indicator reflects the expenditures that the Port of Safi incurs as a result 

of performing its normal business operations and it is represented in MAD per month. 

 

Handled Sulfur Traffic: This indicator reflects the quantity of bulk sulfur bypassed the Rive quay 

and it is represented in tons per month. 

 

Invoiced Sulfur Traffic: This indicators shows the quantity of bulk sulfur that bypassed the Rive 

quay and was debited in tons per month. 

 

As mentioned before, an analysis will conducted to find the observed relationship among only the 

Rive quay performance indicators (related to sulfur import) and the gross productivity in the 

context of Safi port. The more specific goals are:  

 

 To determine the main performance indicators variables that effectively affect the 

gross productivity of the quay either positively or negatively, and also to inspect 

the causality between them. 

 

The study is divided in to following sections: first is to study each factor, second is to look at how 

much it affects our independent variable to be explained (Rive quay productivity). And this will 

lead us to determine their relationship. 

 

The best method to use in this case is the regression model. It seems the best analysis technique to 

use, since we are looking at possible interactions between the all the performance indicators. 

Overall, there are two reasons why to use the regression model: first is to forecast and second is to 

explain the dependent variable[4] . Certainly, in this case we are going to explain how the quay’s 
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productivity level is sensible to the twelve indicators that I selected according to their process 

interaction with the sulfur importing activity so that we can forecast explanations and solutions to 

increase its use, based on the model that will be developed. 

 

 

A. Hypothesis and model:  

 
𝑯𝟎: There is no linear relationship between the Rive quay productivity and all the independent 

performance indicators variables.  

 

𝑯𝟏: There is a linear relationship between the Rive quay productivity and all the independent 

performance indicators variables.  

 

In this analysis we will use the Regression model in other the test the hypothesis.  

The model is as follow:  

 

GQP= 𝛽0+ (𝛽1. A_Crane) + (𝛽2. A_HLoaders) + (𝛽3. A_LLoaders) + (𝛽4. A_OCP_Conveyor) + (𝛽5. 

Maint_Consu_Exp) + (𝛽6. Rive_Occupancy) + (𝛽7. WT_Ships_Offshore) + (𝛽8. Number_Ships) + 

(𝛽9. Op_Revenues) + (𝛽10. Op_Expenses) + (𝛽11. Inv_Traffic) + (𝛽12. Hand_Traffic) + ℇ0  
 

A significance level of 𝛼=5% will be used. 

 

B. Research Tools & Techniques:  

 
 The software I am going to use to help me do the analysis is IBM SPSS. Certainly, this 

software will help me run the data and get more accurate results. Also because SPSS software has 

an easy user interface. In addition, files are easily downloadable to the software (i.e. .sav files). 

Moreover, this software made me gain calculations time and focus more on the analysis of the 

results. 

 

C. Analysis:  

 

Checking the Assumptions:  

 

 Quantitative models studies always rely on both the assumptions of the variables and the 

regression model. There are four principal assumptions that need to be checked which are: LINE. 

In other words, we need to check for linearity relationship between the dependent variable and the 

independent variables. Also, we have to check for independence of the residuals, normality of the 
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residuals and homoscedasticity (constant variance) of the residuals. After we make sure that our 

assumptions are valid (L.I.N.E.) [4], and then we can run the regression model. 

 

Linearity:  

 
Hypothesis:  

 

𝑯𝟎: 𝛽1 = 𝛽2 = 𝛽3 = 𝛽4 = 𝛽5 = 𝛽6 = 𝛽7 = 𝛽8 = 𝛽9 = 𝛽10 = 𝛽11 = 𝛽12 = 0 There is no linear 

relationship between the independent variables (Performance indicators). 

 𝑯𝟏: At least one coefficient is different from 0. There is a linear relationship between the 

independent variables (Performance indicators). 

SPSS results:  

 

Also to test the linearity, we plotted the unstandardized residuals of each independent variable 

(Please see appendix A). From the graphs we can conclude that all the plots patterns show linearity. 
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 Independence (Autocorrelation):  

 

Hypothesis:  

 

𝑯𝟎: Residuals are not correlated.  

𝑯𝟏: Residuals are correlated.  

 

T-Statistics: 

 

We have:  

𝐷𝑤  = 1.656668 

 

Critical value:  

                                                               k = 12, n = 36 

 

From the table D-W of 5% significance, we have: 

                                        

                                                𝐷𝐿  = 0.605            𝐷𝑈   = 2.210  

Decision Rule:  

 

 For the positive autocorrelation  

 

If                     𝑫𝒘 < 𝐷𝐿                        There is evidence of positive autocorrelation  

If           𝐷𝐿 < 𝑫𝒘 < 𝐷𝑈         Inconclusive  

If          𝐷𝑈 < 𝑫𝒘                  There is no evidence of positive autocorrelation  

 

 For the negative autocorrelation  

 

If               𝟒 − 𝑫𝒘 < 𝐷𝐿                          There is evidence of negative autocorrelation  

If      𝐷𝐿 < 𝟒 − 𝑫𝒘 < 𝐷𝑈     Inconclusive  

If      𝐷𝑈 < 𝟒 − 𝑫𝒘              There is no evidence of negative autocorrelation  

 

Conclusion:  

 

           Since 𝐷𝐿  = 0.605 < 𝐷𝑤  = 1.656668 <   𝐷𝑈   = 2.210, the results are Inconclusive  
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Since  𝐷𝑈   = 2.210 < 4 − 𝐷𝑤  = 2.343332, there is no evidence of negative autocorrelation 
 

Normality:  

 

Hypothesis:  

 

𝑯𝟎: The residuals are normally distributed.  

𝑯𝟏: The residuals are not normally distributed.  
 

SPSS Results and Conclusion:  
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Equal Variance (Homoscedasticity):  

 

Hypothesis:  

 

𝑯𝟎: 𝑆1=𝑆2= 𝑆3=𝑆4=𝑆5=𝑆6=𝑆7=𝑆8=𝑆9=𝑆10=𝑆11=𝑆12 Sample variances are equal (There is 

homoscedasticity).  

𝑯𝟏: At least one variance is different from the others (there is no homoscedasticity).  

 

Test Statistics:  

 

                                        𝜒² = 𝑛 . 𝑟2 = (36 * 0.647803) = 23.320908  

 

Critical Value:  

 

Statistic 𝑑𝑓=𝑛−1 = 35 (using Microsoft Excel to determine critical values for n=35 and 

alpha=0.05 in the table, the greatest value): 

 

                                                     χ² left = CHIINV(0.05,35) = 49.80185 

and                                               χ² right = CHIINV(0.95,35) = 22.46502 

 

Decision Rule: 

 

Reject if        χ² < χ²lower  

Or if              χ² > χ²upper  

 

Conclusion: 

 

We Fail to reject𝑯𝟎, means there is homoscedasticity. 

 

Coefficient of Multiple Determination r2:  

 
    

                                                                𝑟2 =
𝑆𝑆𝑅

𝑆𝑆𝑇
= 0.647803 

 

  𝑟2= 64.78 %  

 

64.78 % of the variability of the Sulfur quay productivity is explained by the variation in A_Crane, 

A_HLoaders, A_LLoaders, A_OCP_Conveyor, Maint_Consu_Exp, Rive_Occupancy, 

WT_Ships_Offshore, Number_Ships, Op_Revenues, Op_Expenses, Inv_Traffic and 

Hand_Traffic. This means that our model is significant. 
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Findings: (Estimated Equation). 

 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t B Std. Error Beta 

1 (Constant) 4253.326 1051.245  4.046 

Unloading Crane Availability 

(Sulfur Quay) (%) 

-12.595 2.795 -.087 -4.475 

High Capacity Loaders 

Availability (%) 

.809 4.435 .018 .178 

 Low Capacity Loaders 

Availability (%) 

9.888 3.787 .071 2.592 

OCP Conveyor belt Availability 

(%) 

-22.717 5.518 -.187 -4.083 

Consumption and Maintenance 

Expenses (MAD) 

8.741E-005 .000 .107 .700 

Rive Quay Occupancy Rate  (%) -520.495 184.642 -.091 -2.818 

Waiting Time of ships offshore 

(Hour) 

-17.061 5.890 -.011 -2.895 

Number of waiting bulk ships 

(Units) 

12.158 3.377 .064 3.581 

Operating Revenues (MAD) 5.685E-005 .000 .597 3.146 

Operating Expenses (MAD) 2.800E-005 .000 -.168 -1.087 

Invoiced Sulfur Traffic (Tons) .000 .000 .140 .857 

Handled Sulfur Traffic (Tons) 17.001 3.001 .141 5.619 

 

 

Dependent Variable: Corrected Gross Productivity (Sulfur)  (Tons/day) 

Retrieving the coefficients table from SPSS output, the model can be generated as follow: 

 

GQP = 4253.326 − (12.595A_Crane) + (0.809 A_HLoaders) + (9.888A_LLoaders) − (22.717 

A_OCP_Conveyor) + (0.000087 Maint_Consu_Exp) − (−520.494767 Rive_Occupancy) − 

(17.061 WT_Ships_Offshore) + (12.158Number_Ships) + (0.000057Op_Revenues) + 

(0.000028Op_Expenses) + (0.000237Inv_Traffic) + (17.000604 Hand_Traffic) + ℇ0  
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Testing the significance of each independent variable:  

 
To test the significance of each independent variable, I will use T-test: 

𝑡𝑠𝑡𝑎𝑡 =
b𝑗 − β

𝑗

Sbj 
 

 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t B Std. Error Beta 

1 (Constant) 4253.326 1051.245  4.046 

Unloading Crane Availability 

(Sulfur Quay) (%) 

-12.595 2.795 -.087 -4.475 

High Capacity Loaders 

Availability (%) 

.809 4.435 .018 .178 

 Low Capacity Loaders 

Availability (%) 

9.888 3.787 .071 2.592 

OCP Conveyor belt Availability 

(%) 

-22.717 5.518 -.187 -4.083 

Consumption and Maintenance 

Expenses (MAD) 

8.741E-005 .000 .107 .700 

Rive Quay Occupancy Rate (%) -520.495 184.642 -.091 -2.818 

Waiting Time of ships offshore 

(Hour) 

-17.061 5.890 -.011 -2.895 

Number of waiting bulk ships 

(Units) 

12.158 3.377 .064 3.581 

Operating Revenues (MAD) 5.685E-005 .000 .597 3.146 

Operating Expenses (MAD) 2.800E-005 .000 -.168 -1.087 

Invoiced Sulfur Traffic (Tons) .000 .000 .140 .857 

Handled Sulfur Traffic (Tons) 17.001 3.001 .141 5.619 
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Unloading Crane Availability variable significance test: 

 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 4.475 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025,35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since    𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969< 𝑡𝑠𝑡𝑎𝑡= 4.475, we reject 𝐻0 means that we are 95% confident that the 

Unloading Crane Availability does affect significantly the productivity of the rive quay. 

          

High Capacity Loaders Availability variable significance test: 

 

𝑯𝟎:   𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 0.178 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025,35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since    𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 < 𝑡𝑠𝑡𝑎𝑡= 0.178< 𝑡𝑢𝑝𝑝𝑒𝑟 = 2.341969, we fail to reject 𝐻0 means that 

we are 95% confident that the High Capacity Loaders Availability does not affect significantly 

the productivity of the rive quay. 
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Low Capacity Loaders Availability variable significance test: 

 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 2.592 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since  𝑡𝑢𝑝𝑝𝑒𝑟 = 2.341969 < 𝑡𝑠𝑡𝑎𝑡= 2.592, we reject 𝐻0 means that we are 95% confident that the 

Low Capacity Loaders Availability does affect significantly the productivity of the rive quay. 

 

OCP Conveyor belt Availability variable significance test: 

 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 4.083 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since     𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969 < 𝑡𝑠𝑡𝑎𝑡= 4.083, we reject 𝐻0 means that we are 95% confident that the 

OCP Conveyor belt Availability does affect significantly the productivity of the rive quay. 
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Consumption and Maintenance Expenses variable significance test: 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 0.700260 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since    𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 < 𝑡𝑠𝑡𝑎𝑡= 0. 0.700260 < 𝑡𝑢𝑝𝑝𝑒𝑟 = 2. 341969, we fail to reject 𝐻0 

means that we are 95% confident that the Consumption and Maintenance Expenses do not affect 

significantly the productivity of the rive quay. 

 

Rive Quay Occupancy Rate variable significance test: 

 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= − 2.818 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since 𝑡𝑠𝑡𝑎𝑡= − 2.818 <  𝑡𝑙𝑜𝑤𝑒𝑟 = − 2. 341969, we reject 𝐻0 means that we are 95% confident that 

the Rive Quay Occupancy Rate does affect significantly the productivity of the rive quay. 
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Number of waiting bulk ships variable significance test: 

 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 3.581 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969 < 𝑡𝑠𝑡𝑎𝑡= 3.581, we reject 𝐻0 means that we are 95% confident that the 

Number of waiting bulk ships do affect positively the productivity of the rive quay. 

 

 

Operating Revenues variable significance test: 

 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 3.146 

 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since  𝑡𝑢𝑝𝑝𝑒𝑟 = 2.341969 < 𝑡𝑠𝑡𝑎𝑡= 3.146, we reject 𝐻0 means that we are 95% confident that the 

Operating Revenues do affect positively the productivity of the rive quay. 
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Operating expenses variable significance test: 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= −1.087 

 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 = 0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since    𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 < 𝑡𝑠𝑡𝑎𝑡= −1.087 < 𝑡𝑢𝑝𝑝𝑒𝑟 = 2. 341969, we fail to reject 𝐻0 means that 

we are 95% confident that the Operating expenses do not affect significantly the productivity of 

the rive quay. 

 

Invoiced Sulfur Traffic variable significance test: 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 0.857 

 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 = 0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since    𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 < 𝑡𝑠𝑡𝑎𝑡= 0.857< 𝑡𝑢𝑝𝑝𝑒𝑟 = 2. 341969, we fail to reject 𝐻0 means that 

we are 95% confident that the Invoiced Sulfur Traffic do not affect significantly the productivity 

of the rive quay. 
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Handled Sulfur Traffic variable significance test: 

 

 

𝑯𝟎:      𝛽1=0  

𝑯𝟏:      𝛽1≠0  

 

From SPSS table above,        𝑡𝑠𝑡𝑎𝑡= 5.619 

 

Critical value:  

                                        Degrees of freedom = 𝑛−1 =35       
𝛼

2
 =0.025  

 

 (Using excel to calculate the critical value of t “=TINV (0.025, 35)”): 

                                          

                                                  𝑡𝑢𝑝𝑝𝑒𝑟 =2.341969               𝑡𝑙𝑜𝑤𝑒𝑟 = −2. 341969 

 

Conclusion:  

since  tupper = 2.341969 < tstat= 5.619, we reject H0 means that we are 95% confident that the 

Handled Sulfur Traffic do affect positively the productivity of the rive quay. 

MODEL Conclusion: After testing the significance of each variable with respect to the dependent 

variable, I decided to wave four indicating variables from our model that do not affect the 

productivity of the Rive quay and they are : the (High capacity loaders availability), the 

(Consumption and maintenance expenses), (Operating expenses) and the (Invoiced sulfur traffic).  

So our new model will be (Using SPSS): 

 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

Change Statistics 

R Square Change 

2 .891a .793 .732 19.5656680000 .793 

 

Predictors: (Constant), Handled Sulfur Traffic (Tons), OCP Conveyor belt Availability (%), Number of waiting bulk ships (Units), Rive Quay Occupancy Rate  (%), 

 Operating Revenues (MAD), Waiting Time of ships offshore (Hour),  Low Capacity Loaders Availability (%), Unloading Crane Availability (Sulfur Quay) (%)a 

Dependent Variable: Corrected Gross Productivity (Sulfur)  (Tons/day)b 

 

From the model summary table we can notice that 79.3% of the dependent variable is explained 

by the independent variables. [4]   
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Using SPSS: 

 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t B Std. Error Beta 

2 (Constant) 248.558 70.875  3.507 

Unloading Crane Availability 

(Sulfur Quay) (%) 

6.411 2.611 .080 2.424 

 Low Capacity Loaders 

Availability (%) 

2.332 .819 .057 2.779 

OCP Conveyor belt Avalability 

(%) 

28.249 8.090 .206 3.466 

Rive Quay Occupancy Rate  

(%) 

-573.708 85.955 -.102 -6.673 

Waiting Time of ships offshore 

(Hour) 

-6.241 .737 -.043 -7.885 

Number of waiting bulk ships 

(Units) 

7.905 2.457 .082 3.184 

Operating Revenues (MAD) 5.939E-005 .000 .623 3.793 

Handled Sulfur Traffic (Tons) 12.001 2.591 .188 4.559 

 

From the above table, we can generate our model as follow: 

 

GQP = 248.558 + (6.411 A_Crane) + (2.332A_LLoaders) + (28.249A_OCP_Conveyor) − 

(573.708 Rive_Occupancy) − (6.241 WT_Ships_Offshore) + (7.905Number_Ships) + 

(0.000059Op_Revenues) + (12.001Hand_Traffic) + ℇ0  

 

Interpretation of the model:  

 

- If all the independent variables are equal to 0, the productivity of the Rive quay will be equal to 

(248,558). 
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- When Crane’s Availability rate increases by 1%, the productivity of the Rive quay increases by 

6,411 tons per day.  

 

- When low capacity loaders availability increases by 1%, the productivity of the Rive quay 

increases by 2,332 tons per day 

 

- When the OCP conveyor belt Availability rate increases by 1%, the productivity of the Rive quay 

increases by 28,249 tons per day 

 

- When the Rive Quay Occupancy Rate increases by 1%, the productivity of the Rive quay 

decreases by 573,708 tons per day. 

 

- When the Waiting Time of ships offshore increases by 1 hour, the productivity of the Rive quay 

decreases by 6,241 tons per day. 

 

- When the Number of waiting bulk ships increases by 1 units, the productivity of the Rive quay 

increases by 7,905 tons per day. 

 

-When the Operating Revenues increases by 1 MAD, the productivity of the Rive quay increases 

by 0,000059 tons per day. 

 

- When the Handled Sulfur Traffic increases by 1 ton, the productivity of the Rive quay increases 

by 12,001 tons per day. 
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Testing the collinearity: 

 

We will test the collinearity between the different independent factors using the Variance 

Inflation  
We used SPSS. Below are the values of VIF’s. 

 

As we noticed all the VIF values are less than 5 means that all our variables are highly correlated. 

Means this is the perfect model. 
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Part III: Simulation 
 

I. Purpose of the simulation:  

 

Now, after retrieving the final model from SPSS, the focus on which part to improve and 

provide recommendation to be the hardest part in this capstone, since the only way to give 

recommendation in order to improve the quay’s situation is by comparing the obtained results with 

other port with similar facilities and resources. However, one of the best solution I had to look for, 

is to simulate the port of Safi and more specifically the Sulfur Quay (Rive). This technique will 

allow me to compare the real time data I collected and analyzed from the port and the optimized 

simulation results that will be generated after the simulation of the same port activities and 

processes respecting all their parameters (Time, Resources, Queues …). 

 

In this next part of my analysis I used Rockwell ARENA Simulation, which is a discrete event 

simulation software that describes a process with a set of unique events in time. Also because it 

can be effectively used to simulate almost any process.  

 

II.  Simulation with ARENA:  

 

Designing the Rive Quay facilities, such as berths and quays, and allocating vessels to berths. 

Especially, with processes including material handling systems (Tugboats, Cranes, conveyors, and 

others) for the sulfur import operation started by using the notions of station, entity routing among 

stations, entity pick-up and drop-off by another entity, and the control of entity movements using 

logical gating that I learned from the book “Simulation with Arena”. Applying these tools by 

simulating the quay’s operations to optimize the problems related to its resources (Crane utilization, 

Conveyors utilization) and the time dependent operations berth and ship waiting time. In which 

sulfur bulk ships arrive and wait to be unloaded from sulfur for their return journey. Bulk ship 

movement in port is directed by tugboats or ship trailers, which need to be assigned as a mandatory 

resource. The port has a single berth where the ships berth, and two quay cranes in which only one 

is operating on unloading the ships in addition to a conveyor belt provided by the OCP Company 
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in order to convey the bulk sulfur to their near storage. A schematic representation of the layout of 

Safi port is shown below.  

 
      

Figure 2: Layout of Safi Port 

 

 

Port of Safi operates continually 365 days a year 24 hours a day. And the annual sulfur 

import plan calls for nominal deterministic ship arrivals at the rate of one ship every three days. 

However, ships usually do not arrive on time due to weather situations, rough seas, or other causes, 

and therefore, each ship is given a 5-day grace period commonly referred to as the lay period 

[5].We assume that ships arrive uniformly in their lay periods and take a FIFO (first in first out) 

queue (if necessary). In the other hand, in an off-quay anchorage location, where they are towed 

into port by a single tug boat as soon as the berth becomes available. The tugboat is positioned at 

a tug-station situated at approximately a distance of 30 minutes away from the off-quay anchorage 
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region. The trailing operation between the offshore anchorage and the sulfur quay takes 

approximately one hour. The average bulk quantity that is imported by one ship is about 300 

kilotons its take it about 2 to 3 days to full be unloaded. After a bulk ship is unloaded at the sulfur 

quay, the tug boat tows it away to the off-quay anchorage, where the ships departs unloaded for 

their destinations. Departing ships are allowed higher priority in allocating the tugboat. In my 

design I included also the environmental factor affecting the berth problem which is sea tides. Bulk 

ships are generally quite large and need deep height of waters to get in and out of the port. Clearly, 

water depth decreases with low tide and increases with high tide, where the time between two 

consecutive high tides is precisely 12 hours. In the port of Safi the large ships only have a window 

of about 4 hours of high sea tide. Therefore, the tide window at the port is closed for 7.5 to 8 hours 

and open for 4 to 4.5 hours each 12 hours. The OCP conveyor belt is also implemented in the 

simulation with all its properties, it is a non-accumulating conveyor with a maximum load of 500 

tons per hour and a speed of 0.5 meters per second. The distance between the quay crane unloading 

station and the OCP storage station is about 290 meters which is also the length of the conveyor. 

 

The simulating of the Rive quay for 3 year (26.517 hours) to estimate quay occupancy rate 

and quay crane availability, as well as the OCP conveyor belt availability rates. The model of the 

Rive quay consists of four main segments: bulk ship arrivals, tugboat operations, Sulfur unloading 

operations at the quay side, the OCP conveyance operations, and the sea tidal window variation. 

Bellow the arena design of the Rive quay which is composed of connected entities and disconnected 

processes: 

 

Figure 3: ARENA logical model segment executing bulk ships arrivals at Safi Port 
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Figure 4: ARENA logical model segment executing tugboat operation in the Port of Safi. 

 

Figure 5: ARENA logical model segment executing the sulfur unloading operation in the port of Safi. 
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Figure 6: ARENA logical model segment executing the sea tidal window modulation the port of Safi. 

 

 

 

III. Simulations results of the Rive quay side operations: 

 

After simulation the quay side the results from one replication obtained from the queues option, 

the category overviews option, the resources option, and the transfers section are displayed in 

bellow and in the Appendix. The waiting time rate of Sulfur ship in queue to get berth for the 

loading berth averaged about 45.39 hours. For outgoing sulfur ships, the waiting time for the 

tugboat was approximately 3.05 hours. However, the corresponding waiting times for incoming 

sulfur ships had an average of 2.28 hours. The tugboat’s average waiting time between dragging 

tasks had an average of 34.75 hours. In the Resources section the sulfur quay occupation or 

utilization was 28% and crane availability was 90%. In the other hand for the OCP conveyor had 

an average rate of 87.95%. Please refer to the appendix link [8]   
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IV. Comparing the results and recommendations:  

  

Using SPSS software again by generating 

the descriptive statistics table and the last 

ideal model of the entered data I will give 

the best forecasted productivity yield of 

the sulfur quay activities using the 

ARENA simulation results to forecast  

the new values . As seen in the table in 

the right we notice that the current 

average availability rates of the 

unloading crane and the OCP conveyor in 

the sulfur quay are respectively 85.22% 

and 78.59%, and the Rive quay 

occupancy rate was about 39.11%. Moreover. The average waiting time of ships offshore is 117.56 

hours, and this last is affected by the availability of the resources since each percentage increase in 

the availability of the resources lead to the decrease of the ships waiting for tugboat.  

As stated in the previous section, the simulation generated and average availability rates for the 

quay crane, the rive quay occupancy or utilization, and the OCP conveyor averaged respectively 

90%, 28%, and 87.95%. As for the average waiting time rate of Sulfur ship in queue to get berth 

for the loading berth averaged about 45.39 hours. From these result we can calculate the differences 

which are respectively: 4.776%, 11.12%, and 9.354% and finally 72.17. 

So from here we can benchmark that for an improved yield of gross productivity in the Rive quay 

of Safi port. The availability rates of the crane and the OCP conveyor should be increased by 

4.776% and 9.354% respectively. Suggested solutions could be considering the preventive 

maintenance plans since it will decrease the corrective maintenance expenses and the offshore ships 

waiting time. In the other hand. The rive quay occupancy or utilization rate should be decreased by 

11.12% by eliminating in priority all the bottlenecks in the unloading process and the tug boating 

assignments by monitoring the assignment of tugboat services according to the priority.  

This last will help decreasing the average waiting time of ships offshore by approximately 72.17 

hours which will affect positively the dependent variable of the gross productivity of the quay. 
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Part IV:  STEEPLE Analysis 
 

STEEPLE analysis is a tool that evaluates the factors that affect the environment of a project 

and improves a company’s decision-making. It was formed in 1967 under the abbreviation of PEST 

(political, economical, societal, technology), which evolved with time to SWOT analysis 

(Strengths, Weaknesses, Opportunities, Threats) and finally to PEST analysis (Political, Economic, 

Social and Technological). 

Bellow the STEEPLE model that stands for: societal, technology, environment, ethics, 

political, legal, and finally economical. 

Societal: Port efficiency and productivity are two of the most important factors in defining the 

competitiveness of a port; moreover, improving the Safi port productivity undoubtedly will affect 

the social development of the city of Safi. 

 Technological: this method used itself can be considered as a trigger to other future works and 

applications to analyses and study the productivity using the key performance indicators of the 

industry or the business and comparing them with the maximum and optimized yield is virtually 

supposed to meet. 

 Environmental:  One of the major goal that the Port of Safi targets is the environmental 

accreditations since 2011 the port has acquired the international accreditation ISO 9001 which is 

linked to the operating procedure such as Security, Quality and environment. This project will help 

improving the quality and efficiency of service offered resulting in a good environmental status 

and global respect of the environment. 

Ethical: The analysis used, uses good tools with high responsibility and integrity in today’s 

industry and business. 

Political:  The political aspect of the port of Safi is very high. There are many international 

governments and companies which are connected to the port for their business. Every country 

wants to have business with Morocco since it is one of the huge exporters of fertilizers, and the 

port of Safi is one of the main keys of supply chain of the OCP Company (Phosphate Company) 

that uses Sulfur for their industrial and agricultural products. 
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Legal: Reinforces the laws imposed to protect the environment. Also to meet the international 

competency levels. 

Economical: The port of Safi plays a major role in the county's GDP. It also provides numerous 

amounts of employment opportunities through its facilities, also several industries, many 

businesses and facilities around the port are making a living through it.   
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Part V: Conclusion 
 

This work has highlighted the importance, from a decision-making point of view, of 

identifying KPIs relationships. It opens doors to a lot of research and improvements that can be 

made to the current method used to improve an indicator. From the different techniques studied, it 

was believed that multiple regression analysis is the most appropriate as it can yield the precise 

solution; yet this technique has been extensively used in medical and health fields than engineering 

fields when dealing with variable and model selection analyses.  

 Also using statistical techniques to analyze first the data will be decided vis-à-vis of the 

level of accuracy required when identifying KPIs relationships .In general, the application of this 

statistic techniques will be preferred when sufficient historic KPI data is accessible through its 

application. Also using a realistic way to simulate the field process and comparing its result that 

are more optimized and maximized with the real life performance is a good and cheap method to 

use.  

This work will also help the Port’s director know the productivity difference and which 

activity should be given a high priority within the sulfur quay side. In the other hand, this 

experience will support my future academic concentration and expertise. 
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