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ABSTRACT 

 

The purpose of this capstone project is to develop a Cost Effectiveness Analysis (CEA) 

among a brick company .The Cost Effectiveness Analysis is an efficient method in order to 

evaluate the cost of an industrial set including several constraints.                                                          

This method has been widely used in several fields such as education, health and military. 

This diagnosis relies on real data and generates a financial analysis showing the effect of those 

parameters on the overall cost. The method implemented in our project, has been selected by 

companies to develop an accurate analysis of their data and set up alternatives to reduce the 

costs of their projects. The analysis will be lead according to  similar models used by two 

companies the first one based in Nigeria and the other one in Morocco as well as a the 

competences that I learnt in my Engineering Economics class. The goal of this project is to 

determine the viability of this method based on the profitability of the company and the 

analysis of different scenarios.                                                                                                                   

In addition to that, the Cost Effectiveness Analysis of the project encloses the study of the 

supply chain of an additive : wool that has been used in the production process of bricks and 

revealed prominent results when to the mixture of clay , water and sand.   

  

Keywords:  Cost Effectiveness Analysis, profitability, Engineering Economics, variability. 
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1 INTRODUCTION 

 

 The industrial field in Morocco has known great achievements during the past years.                                  

By expanding their firms, adopting new technologies and exporting their products Moroccan 

companies are now facing new challenges. Moreover, the increase of the demand prompted 

them to consider additional variables and introduce well developed concepts.    

The aim of this paper is to develop a Cost Effectiveness Analysis for a brick company and 

evaluate the supply chain of additives in construction material especially clay. 

This project relies on an analysis enclosing a multitude of parameters such as: raw materials, 

labor, energy, and transportation, in order to generate an effective and efficient analysis of the 

Moroccan market. The focus of this study is to analyze the cost of the production process of 

bricks throughout a Cost effectiveness analysis. 

This approach encloses several criterions and has been widely implemented in the industrial 

field in order to evaluate the profitability of a project. This reliable method enables the 

company to generate several scenarios to determine the best strategy that should be 

implemented. 

Al though, to increase exports and allow companies trade while having a higher margin of 

benefit the Moroccan government has developed a new politic to enhance the exchanges 

between the Moroccan and the international markets. A new monetary framework has been 

introduced in Morocco starting from January 2018; it consists in introducing the 

correspondence between dirham and the other currencies. This system of exchange allows 

parity by setting up flexibility in the exchange rates based on the supply and the demand.                      

In addition to that, Morocco is known for the availability of a wide range of raw materials 
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available in its different regions used either in construction or agriculture. Thus, exploiting the 

natural sources represents a new economic framework benefic to companies. 

 This capstone report encloses a STEEPLE analysis reflecting the social, technological, 

economic, political, legal and ethical frameworks of the project in addition to a literature 

review introducing the concept of the cost benefit analysis its purpose, benefits and 

limitations. The second part of the report deals with the problematic specifying the purpose of 

the analysis lead, the variables included in this study, in addition to the techniques used.  

  Last but not least, the third part presents the data on which the study was based, the 

analysis of the methods, the results obtained according to the software used (Visual Basic) 

along with a conclusion summing up the project and recommendations in order to develop an 

additional investigation on that matter.  
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1.1. STEEPLE ANALYSIS 

 

1.1.1. SOCIAL IMPACT 

The Cost Effectiveness Analysis enables managers to work objectively as they will have 

accurate scenarios allowing them to reduce their operating time .This analysis enable 

companies to eliminate the variables increasing the costs of the project by evaluating several 

alternatives and showing the most reliable options to be adopted by the company. 

1.1.2. TECHNOLOGICAL IMPACT 

This study was based on the use of Visual Basic in excel (VBA), this tool enables us to 

visualize the alternatives that we selected in order to lead our Cost Effectiveness Analysis.                 

At the end of the project, we will be able to select the appropriate variables that should be 

included in the project based on the impact of their cost by generating multiple alternatives.  

1.1.3. ENVIRONMENTAL IMPACT 

By implementing the Cost Effectiveness Analysis and designating the elements that should be 

included in the composition of bricks in a further research and their impacts .We introduce the 

protection of the environment, as we will be decreasing the emission of gases during the firing 

process and this by analyzing the additives that can be used in composition of the construction 

material :  bricks. 

1.1.4. ECONOMICAL IMPACT 

Setting up a cost effectiveness analysis, ends up in lowering the overall cost of a company on 

the long term. The company will be given many scenarios each one including a specific 

analysis of the different variables intended to be added or not to the production process of 

bricks and thus the decision maker will have plenty alternatives and can take the most suitable 

decision for the company. 
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1.1.5. POLITICAL IMPACT 

The industrial field is highly promoted by the Moroccan government, for providing a 

company the means to reduce its cost and to be efficient while producing bricks and exporting 

them even though this manufacturing of bricks does not reflect any political impact. 

1.1.6. LEGAL IMPACT 

The analysis developed in our project does not reflect any legal aspect. 

1.1.7. ETHICAL FRAMEWORK 

Ethics are the basis of every project, social responsibility and reliability of the results 

represent the first objectives of this study. The aim is to serve the company and allowing it to 

evolve by introducing and developing new methods. 
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2      Literature Review  

 2.1 Overview of the cost Effectiveness Analysis  

“Cost Benefit Analysis (CBA) is a common framework for evaluating the benefits and 

drawbacks associated with any particular project”[1].        

The Cost Effectiveness Analysis represents an approach to measure the feasibility of a project. 

This economic analysis is based on units including the production cost and the benefits a 

project generates. It relies on summing up the all costs and reviewing the efficiency of the 

project based on its impact on the market. The aim of the Cost Effectiveness Analysis is to 

decrease the overall production cost by analyzing several parameters.                                                      

For the cost benefit analysis of a brick company we included as variables: labor, building, raw 

material, transportation, energy, and machines. 

The Cost Effectiveness Analysis allows the company to choose a suitable strategy, throughout 

this analysis the decision maker, set up a new politic by examining and comparing all the 

potential factors leading to a decrease of the cost. Moreover, this method enables the company 

to maximize its profits and minimize its expenses by choosing the lowest cost for each 

parameter. This evaluation relies also on the quality of products used along with their weight 

on the overall cost. In other words, it is based on the approach that a company may adopt 

considering the time value of money. 

It refers to an illustration of reality throughout a set of mathematical approaches, and by the 

use of a software integrating all the required components to predict the costs. 
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  2.2 Applications of the Cost Effectiveness Analysis 

 

  This approach has been used by many industries as it encloses a wide range of 

parameters being critical for an analysis.  It was first a mean for military transactions to 

determine the budget that they have to assign to supply their needs, based on the maintenance 

cost for example.  Then, it became widely used in health-science as the cost of an intervention 

can be expressed as the ratio of the cost of an intervention over its effect, measured by the 

impact of the intervention and on the medical diagnosis.                                                  

Moreover, the Cost Effectiveness Analysis was also introduced among renewable energies 

projects, to be able to compute the energy saved to avoid generating further losses as it 

represents an overview of the energy saved by units (dollar/kilowatt). 

 

2.3 Advantages and disadvantages of using the Cost Effectiveness Analysis 

   

  The purpose of the Cost Effectiveness Analysis, is to be able to determine the most 

suitable budget for a project. A wide range of industrials sets can benefit from this analysis in 

order to determine the variables and constraints that must be considered. It enables the 

decision maker to have an accurate estimation of the risks to avoid weak decisions.                                        

By introducing the Cost Effectiveness Analysis, we should also bare in mind its 

disadvantages. This reliable approach is based on limited scientific research, it takes onto 

account several parameters but cannot be seen as a science as it requires a deeper study to be 

more rational. 
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3 Problematic  

 

  Moroccan companies are dealing with their financial statement using elemental 

approaches. Mainly leaning on paper, the results may not viable in order to improve and 

implement new solutions decreasing their production cost. Thus, the development of 

techniques promoting the use of softwares is highly recommended to keep track of the work 

of several years. The use of such technology means allow the company to retrieve and recover 

previous files to analyze the evolution of the company’s financial statements. 

For this evaluation of the cost benefit analysis incorporating the use of Visual Basic (VBA) in 

excel will be considered in order to generate specific functions for different alternatives by 

including a multitude of variables. This method will allow us to have traceability, evaluate the 

annual reports of the company, and discern the eventual breakdown points in order to set up 

new strategies lowering the production cost.  

 The cost effectiveness analysis includes parameters that are influencing the overall cost, 

thanks to Visual Basic that enabled us execute a code to conclude this research we will 

analyze several scenarios, thus choose the best alternative for the company. This economic 

study is enclosing elements enabling the company to figure out the ups and downs, losses and 

gains of the project.  The purpose of this project is to set up a new brick enterprise in Ifrane . 

In order to initiate an accurate system for the production of bricks, decision makers need to 

investigate wisely and base their assumptions on data that must be realistic to visualize the 

outcomes of the project. Therefore, we relied on the management system opted by an existing 

a company based in Meknes: “EXTRABRIK” by analyzing their costs and revenues including 

the main parameters ,the alternatives they rely upon in their course of production as well as a 

further innovative methods they can  apply latter on . 
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  In addition to that, to let our project be more valuable bearing in mind our main 

objective which is the reduction of the production cost, we investigated on the latest methods 

to operate in a well-developed way of production by respecting the environmental aspect.                                      

Finally, the fact of substituting the previous alternatives by other options seems to give 

accurate results to this bricks project explained in details later on in of this paper.   

 

4  Methodology 

4.1  Cost-Benefit Analysis Method 

 

The analysis will be including the following parameters: Energy (Electricity and Gas), Raw 

materials ,Machines ,Equipment ,Building ,Transportation. 

In order to draw effective and efficient conclusions of this project , all the variables included 

in the process are taken into account  . 

Production cost = Building Cost + Machine Cost + Energy Cost + Labor Cost + Material 

Cost +Transportation Cost 

 P= Bc + Mc + Ec + Lc + Mtc + Tc  

 

Moreover all the costs : Building Cost (Bc) + Machine Cost (Mc) + Energy Cost (Ec) + Labor 

Cost (Lc) + Transportation Cost (Tc) are similar for the production of any type of bricks. 

Bc + Mc + Ec + Lc + Tc = Kc (constant cost)  

So,  Production cost/year = Constant Cost + Material cost 

Total cost = Production cost/year + Other cost addition  

     Other cost addition: sunk costs of machinery equal to 10 percent of the total cost 

                Total cost = Production cost per year + 0.1 production cost per year  
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Production quantity per year = Machine capacity per day × working days (in a year) = 

K2 

Having the values of the daily capacity as well as the number of working 

Unit Cost = Total Cost / K2 

Handling Cost = Unit Cost 

Selling price = unit cost + handling cost 

Plugging the instead of production cost/year, material cost, total cost, unit cost, handling cost 

and selling price the following parameters a, b, c, d, e and f. 

So, we will end up having this relationship 

a = K1 + b and c = 1.1 * a 

Implying  

d = c / K2 and f = d + e (4) 

Since e = d, f = 2d = 2c/K2 

The form will be as shows here: 

fij = 2 * cij / K2 

Where the size of the bricks (a, b, c, d, e) are represented by i and j are  

Selling price will be: 

Fv = A * (1+r)
n
 

And finally Fv will be representing the future value, 

 A: the present value (which is the current selling price), 

r :the inflation rate considered in Morocco and set up by the HCP,n is the number of periods.                                

A is the selling price, so A = f. 

   Let Fv be written as Pn, A be written as f then, 

Pn = f * (1+r)
n
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But, f = 2 * cij/ K and c = 1.1 * a, while, a = K1 + b, then, 

f = 2 * 1.1 * a / K2 = 2.2 * (K1 + b) / K2 

Fv= 2.2 * (K1 + b) / K2 * (1+r) 
n 

 

Formula to calculate the Break-Even analysis of a firm  

Break Even Analysis =
𝒊  𝒊  𝒊 −𝑼 𝒊   

 

The Cost Benefit Analysis for the viability of the produced refractory bricks 

Formula to Cost Benefit Analysis of a firm  

 

       𝒊 𝒊 = 𝒊 𝑷 𝒊𝒊  𝒊  

 

4.2 Net Present Value Method  

 

  The Net Present Value is a method used for assessing and evaluating the worth of a 

project. The Net Present Value analysis relies on deducting the initial investment from the 

future cash flows (FV) using a yearly discount rate thus converting them to a Present Value 

(PV). 

 The aim of the discount rate over a certain period is to predict to eventual risk that the project 

may face in the market . Concerning the discount rate used, companies are determining it 

throughout the Weight Average Cost of Capital (WACC) which is defined to be a numerical 

measure of the company’s individual costs of capital in several sections related to the 

investment according to their specific weights on the project. It incorporates equity and debt, 

as well as bonds and stocks.  
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                                               Where: 

      C0= Initial Investment 

                                                                C=Cash Flow 

r= Discount Rate 

T=Time 

  In order to figure out the accuracy of the Net Present Value output result, two 

possible scenarios are applicable. The result coming up from the calculation is either positive 

or negative, meaning that the project is reliable and economically benefic for the company in 

the first case. Otherwise, a negative value is showing that the intended investment will be 

generating losses, thus being unprofitable for the firm. For our study of bricks in Morocco,  

the discount rate that we used in our analysis is equal to 5 percent which is a rate based on a 

risk free having a value of 2.25 percent. This assumption of 5 percent is a relative premium 

based on the risk free (RF) to compute the Net Present Value of the project. 
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4.3    The sensitivity analysis  

 

  The sensitivity analysis is a method that enables the decision maker to identify the 

correlation between the parameters involved in the project. This method leans on evaluating 

each variable intended to be used, by varying its costs and thus analyzing the effect it will be 

reflecting on the overall cost of the project.  For the following case study of bricks, the 

sensitivity analysis is set up according to the Net Present Value which is one the methods used 

for the evaluation. We will be adjusting the rates , either greater that 5 percent or less to be 

able to interpret how it may change our Net Present Value , to  investigate later on a new 

alternative based on the sensitivity analysis done. For, the rates will be decreasing from 7 

percent to 3 percent. 

 

4.4  Constraints 

 

For this project the main constraints associated to the raw materials: clay, sand and 

wool considered as an additive , machines, labor ,energy and transportation. We will be 

analyzing the production cost of the company by drawing conclusions from the data provided 

in order to determine the strategy used .Several companies invest in their own transportation 

companies to have fluent operations, others stick to the services of external companies. 

Moreover, the availability of raw material represents also a constraint to the company as they 

may export from a city or country to another one which generates additional fees and other 

transportation issues. Last but not least, the employees and machinery are also considered as 

their number may increase based on the demand.  
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5      Production process of bricks 

 

              5.1 Properties of raw material 

   
  The fundamental process of producing bricks remained the same over time, it was 

first introduced by the Greeks and Romans .Al though, the enhancement of technology 

contributed to the development of the production process of bricks as new mechanical devices 

were introduced to upgrade the quality of the final products. Clay, one of the most abundant 

minerals on earth, is the main component of bricks having several chemical and physical 

features such as plasticity and resistivity. Considered as the most suitable mineral for 

producing bricks, clay is composed of three main elements metal oxides, quartz and carbon 

compounds.  

  In addition to that , water and sand are also mixed to clay during the manufacturing 

process at several percentages to produce bricks having a variety of shapes and sizes.                        

The composition of the mixture and the elements are intended to improve the attributes of 

bricks by strengthening and stabilizing them. The bricks are then molded easily and can resist 

to high temperatures. Especially, sand which known for enabling the bricks to be de-molded 

easily after the firing process. Moreover, scientists are continuously expanding their research 

in this field and coming out with advanced compositions to manufacture bricks made up of 

new elements to enhance their properties. The products added to this construction material can 

either be chemical such as Ferric Oxide and Alumina or non-chemical as Wool and Wood. 

This paper will show the characteristics of a non-chemical additive: wool as well as its supply 

chain and its impact on the bricks and on the overall production cost of a company. 
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5.2     Phases of manufacturing 

  

  Concerning the manufacturing process each company owns a set of well-developed 

equipment’s for fluent operations as the process consists of a series of interconnected steps 

from a machine to another .The machines are: a conveyer, an extruder, a grinder,  a cutting 

machine, a dryer and the oven (Tunnel Kiln ).  

To understand the production process of bricks, a visit to a brick was mandatory.                                           

In order to visualize it an engineer from “EXTRABRIK” the company settled in Meknes eight 

years ago explained to us the different steps of the manufacturing process from the extraction 

of the material to the collect of the finished product. In “EXTRABRIK” the operating system 

used is similar to almost all companies producing bricks except that they own a carrier 

containing clay, representing the main component used for the mixture. To be manufactured , 

the raw material needs to be prepared : extracting the clay from the carriers then clay is mixed 

with the specific amounts of water and sand .Then , throughout the conveyor they are lead to 

another machine (separator ) mixing the elements to have a smaller size of clay and sand . The 

bricks are composed via the pug mill and though the extruder they end in the de-airing room 

for drying for at least 70 hours to reduce their humidity and be fired at a lower temperature. 

To be later on cut onto different shapes and sized based on the demand.                                            

Once, the water is completely absorbed the bricks can be directed to the kiln.                                                
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6   Additives for construction products   

 

 6.1 Supply chain of Wool in Morocco  

 

 Over time, clay has always been designated as one of the best products to manufacture 

bricks associated with water and sand. Al though, recent research revealed that non-chemical 

additives may be added to clay to produce “Eco-Friendly ” bricks by enhancing their abilities 

and respecting the environment . A study lead by to scientists Carmen Galan and Carlos 

Rivera showed interesting outcomes in the mixture of bricks regarding the environmental 

framework. Those researchers from Spain and the United Kingdom introduced the use of 

wool and seized up its importance in the composition of bricks and the benefits it provides. 

The aim of this research is to set up a new production process of bricks by changing the initial 

mixture of clay, water, and sand used for decades. After an investigation on this matter, the 

experimental results revealed that the characteristics of the bricks manufactured using wool 

are having a strength increased byv37 percent compared to the other types of bricks  

Those “Eco-Friendly” bricks are composed of clay, water , wool and small portions of alegate 

conglomerate a natural element found in the seaweed  that can also be added to the mixture. 

 Moreover, during the drying process based on those experiment it was noted that the 

firing time is reduced as the water added is absorbed easily thanks to the properties of the 

additive (Wool). It represents a notable step in the respect of the environment, as the quantity 

of CO2 emitted in the air by the oven will be decreased. Knowing that environmental issues 

are representing the debates of this century, this method is regrouping several perspectives: 

Scientific, Economic, and Environmental. 
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"These fibers improve the strength of compressed bricks, reduce the formation of fissures and 

deformities as a result of contraction, reduce drying time, and increase the bricks' resistance to 

flexion."[2], those are the properties of the bricks as stated by the respective researchers.  

  Wool is an abundant non-chemical additive in Morocco extracted from sheep and 

used for several purposes such as insulation. This additive has showed positive results when it 

comes to the production of bricks however, its use revealed several constraints.                                    

The supply chain of wool showed some limitations due to its cost and treatment process even 

if the product  is widely available in several regions of Morocco.                                                          

 According to statistics, the business of wool is decreasing constantly and thus  starting from 

2000 in Morocco. Due to the technological boost new textile products such as polyester and 

cotton easy to manufacture and cheaper are now abundant in the market . 

One of the main issues that wool growers and wool processors are facing is its contamination 

generating considerable loses, for, they are then avoiding this business.   

 Wool is first of all a fiber having a keratin protein, and composed of three parts: 

cortex, medulla and cuticle manufactured in main steps. Starting by the shearing which is a 

process achieved once a year during the spring to protect sheep from the cold. The wool coat 

is extracted by the growers in one piece manually. Then, the fleece removed is sorted based 

on the quality of its fibers coming out from the different parts of the body. The wool is split 

into two categories since the one extracted from the shoulders has a higher quality than the 

one coming out from the legs and the others parts when it comes to its finesse, length and 

waviness. In addition to that, the wool requires a deep cleaning process knowing that the 

fleece is carrying out grease and dust. It is done using detergent, acids and water to remove 

the dirt accumulated. 

By using specific machines in an industrial set treating wool, the product is then carded to 

have tidy fibers, separate one from the other and eliminate the remaining grease and are 
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directed to blending rooms. To constitute latter on compact fragments having fibers placed in 

parallel by passing thought a rolling machine and transformed finally into yarns. 

 

 

Figure 1: Graph representing the evolution of wool production in Morocco 

 

 

    Figure 2: Supply chain of wool 
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7  Applications of the cost benefit analysis  

  

   

7.1   Data analysis of a Brick company in Nigeria 

 

  In this first part, the data processed and the cost benefit analysis code implemented 

on Visual Basic were mainly relying on the method used by a Brick Company in Nigeria and 

on its production rate and costs. The analysis was lead on existing scenarios for a deeply 

understanding of the outcomes of the Cost Benefit Analysis, that we improved later on.                    

And  thus by converting the costs based on the Moroccan market using actual exchange rates 

to be able to understand the perspective showed by results generated by the code on Visual 

Basic. The production capacity of the Nigerian company is equivalent to 200,000 bricks per 

year. The company operates in diversified brick types and sizes by varying the composition of 

the mixture using Alumina and Clay.   

The percentages of Clay and Alumina considered in the Nigerian case are : 90/10, 80/20, 

70/30, 60/40. Those compositions were analyzed in order to measure their physical and 

chemical properties to produce high quality bricks, for a daily production of around 1100 

bricks using a compressing machine.  The amounts of alumna and clay used by the company 

during the manufacturing process are equal to 206 and 842 tons for the following types: “   9 × 

21/4 × 21/2; 9 × 31/2 × 21/2; 9 × 41/2 × 2 ; 9 × 41/2 × 21/2  ”. 
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The cost benefit analysis of Nigerian Company include parameters as the Raw material 

,Energy , Machine  , Building , Labor and Transportation as presented in the figure below : 

 

Table 1: Parameters included in the analysis 

In order to evaluate the feasibility of the project based in Nigeria and ensure the accuracy of 

the conclusions provided in the study on which the analysis, a code in Visual Basic was 

implemented aiming to sort the options by type. The options differ from their composition of 

Clay and Alumina as well as their types. For further investigation and comparisons, the costs 

presented in the paper “Evaluation of Cost Effectiveness of Onibode Fire-Clay for Production 

of High Quality Refractory Bricks” were adjusted and this from Naira to Mad using an 

exchange rate of 39.185.  In addition to inflation rates extended over three years 2016, 2017, 

2018 equal to 15.60, 16.20 and 13.70 percent in order to convert the total cost from 2015 to 

2018. 
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For the Nigerian Company excel document serving as a basis for this project following sheets 

were included: 

 Cost per type and size: sheet that includes all the alternatives of the company, showing 

all the types of bricks along with their sizes, their total cost, production cost and 

selling price in order to compute the Cost Benefit Analysis for low and high cost 

bricks. 

 CBA: sheet prints out the cost benefit analysis of the best alternative  

 Costs and Selling Price: sheet that shows the converted costs to the Moroccan dirham 

along with  a projection over five years 2018, 2019, 2020,2021,2022,2023 using an 

inflation rate of 1.50% as stated by the HCP. 

 

7.2   Data analysis Brick company in Morocco (Meknes) 

 

  Nowadays, a wide range of industries are expanding and developing their products 

based on the demand. To supply the needs that are constantly increasing Moroccan companies 

are setting up new policies to face the market variations. For this reason, this project was lead 

project towards the financial and industrial aspects of a Moroccan company operating in 

bricks.   

“EXTRABRIK “is a company located in Meknes set up in 2010 that produces over 200 tons 

of bricks per day. After investigating the company’s production process during a visit in 

Meknes, evaluating its potential expenses and benefits based on the units produced per day we 

conducted this study based on its operating system. The analysis of the Moroccan company 

encloses the following parameters: raw material (clay, sand and water ), energy (water, fuel, 

coal, and electricity), machines, building, labor and transportation. “EXTRABRIK” is a 

company owing clay resources located around the production site to avoid additional costs 
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regarding raw material used which represents the main element that can either increase or 

decrease the production cost of any company operating in bricks. 

 

To establish the alternatives based on the issues that the company is supposed to overcome, 

we developed the upcoming observations:  

 

 The company is hiring a technician to review the texture of the mixture of clay, sand 

and water to put on more water. The composition may be variable from a day to 

another because of the quality of sand used in the process. The sand used is shipped 

by different retailers. This mixture should rely on specificities to have bricks 

upcoming with properties such as: plasticity, viscosity and moldability. 

 

  The production of clay requires an assembly line by the use of several machines at 

the same time. The visit within “EXTRABRIK” revealed that the maintenance 

program selected by the company is very weak. Such companies dealing with 

significant businesses in Morocco should have an adequate maintenance schedules 

to avoid losses and ensure a regular flow of motion .Until now; the company is 

managing its daily production process without setting up options to substitute the 

breakdown of a machine. 

In order to draw comparisons with the actual fluctuations of the Moroccan market in that 

field, several scenarios were suggested and analyzed in an excel sheet to determine the best 

one using a code on Visual Basic generating the best option along with the payback period. 

 For an accurate study, several alternatives were combined in this paper by varying the 

characteristics of the composition and the transportation in a first step. Then, we analyzed the 
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costs related to investing in a machine replacing the employee checking the consistency that 

will enable the company reduce its overall expenses by reducing labor costs. 

Concerning the composition of the bricks, the project reveal  results of two cases: a first 

mixture of Sand and Clay at 30 and 70 percent which is used by “EXTRABRIK”, and the 

second one is an assumption having the following percentages of sand and clay 20 and 80. 

 

 Figure 3: Zone 1 Extrabrik 

 

 

Figure 4 : Zone 2 Extrabrik 
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8   Techniques used  

 

  8.1 Visual Basic in Excel 

 
 First of all , Visual Basic in excel is a programming tool that allows the user to create 

an application accessing and analyzing a wide range of data on which I implemented two 

codes one for the Net Present Analysis and another one for the Payback Period. 

The Cost Benefit Analysis enables us to generate an output aiming to help a decision maker to 

select or reject the project. For a meticulous study, I adopted a code in visual basic illustrating 

the analysis and giving as output the result of the Payback Period along with the Net Present 

Value by varying the parameters of the data especially when it’s related to additives.                                       

The excel sheets developed in this project are containing data analyzed in order to setup a new 

brick company. In addition to that, the sheets are enclosing values for bricks having several 

compositions to evaluate the cost of each one during the manufacturing process on which I 

based some assumptions for a deeper understanding of the project .Also containing the 

mathematical models that enabling us to compute the Net Present Value and the Cost Benefit 

Analysis as explained above. 

  Al though , it is important to realize that the payback period refers to the necessary 

time needed to get back the initial amount  invested in the establishment of a project 

according the benefits and retains .Mainly used as a method to evaluate the potential of a 

project whether it will be successful or not . 

In this case study, the combination of the alternatives should be giving the highest Net Present 

Value and the lowest Payback Period for a reliable test of the most suitable option to choose. 

Otherwise, if the result of the Payback Period is relatively contrasting with the Net Present 

Value, our conclusion for the analysis will be drawn according to the NPV knowing that it is 

more reliable. 
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9    Scenario Analysis 

 
9.1 Results of the analysis 

 

  The project’s aims is to enhance the manufacturing process of bricks and implement 

the process in Ifrane by incorporating the method learnt to this new company.                                   

For, the upcoming scenarios were developed and selected in order to evaluate their accuracy.  

 

 This first scenario is related to the Moroccan company “EXTRABRIK” that we visited 

during the project. As mentioned above , the production process and the machines are 

regulated by technicians during the operating hours of the company including  daily 

and nightly shifts .Al though , one of the technicians’ work is to control the 

consistency of the mixture used to manufacture  bricks. In fact, after some research, 

we emphasized on the availability of a machine : a hydrometer (“Doseur 

Gravimétrique”) having the capacity to measure the consistency and add water to 

obtain a mixture having the required specificities. Thus, this machine will replace the 

technician, and thus we will be reducing the labor by having a long term investment. 

The mixture on which this scenario is built is the one adopted by the company: 30 % 

sand and 70 % clay. 
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Table 2: Replacing a technician by a hydrometer with a shipment from Rabat (30 % and 70%) 

 

Table 3: Replacing a technician by a hydrometer with a shipment from Meknes (30%                          

and 70%) 



26 

 

 

 

 
 The second scenario illustrates our company, it shows an analysis of a process similar 

to the one presented by the company that visited in Meknes “EXTRABRIK”.  

Meaning that the company that will be set up in Ifrane disposes of clay carriers around 

the production site that can be exploited on a daily basis, water is also available. The 

only difference emerging from this alternative remain in the sand used for the mixture, 

the company is intended to have a retailers based in Meknes and Rabat having 

different transportation costs that we will be evaluating in order to choose the best one. 

 

 
 

Table 4: Production of bricks at 70:30 percent with a shipment from Rabat 
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Table 5: Production of bricks at 70:30 percent with a shipment from Meknes 

 
 

 The third scenario that we included in this study corresponds to varying the mixture by 

having two types of bricks in the new company: the first one having 70 and 30 percent 

of clay and sand, and the other one 80 and 20 percent. The choice for those 

combinations is related to the transportation cost of sand. The aim is to evaluate the 

effect of its prices on the overall cost as we will are considering the variation of raw 

material in this case . 
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    Table 6: Production of bricks at 80:20 percent with a shipment from Rabat 

 

 
Table 7: Production of bricks at 80:20 percent with a shipment from Meknes 
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We should also include the scenario of the replacement of the technician by the 
machine : 

 

                        
Table 8: Replacing a technician by a hydrometer with a shipment from Rabat (80:20) 

 

 
Table 9: Replacing a technician by a hydrometer with a shipment from Meknes (80:20) 
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 The fourth scenario shows an alternative that requires a wise analysis, it consists in 

introducing the use of a single machine imported to Morocco having the ability to 

manufacture bricks in a single step . As seen previously in “EXTRABRIK”, the 

process requires a series of dependent steps in several machines, thus a long 

production process generating high costs when it comes to its maintenance program . 

This machine that we will be introducing is designed in Germany andmanufactured 

either China or Bangladesh can be shipped easily to Morocco considering an 

interesting overall cost. 

 

 

 

Table 10: Investing in new brick machine 
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 The last scenario’s aim is to explore further the composition of the bricks to enhance 

their abilities such strength, resistivity and absorption .For, we will be analyzing the 

production cost of bricks having non-chemical additives. The following excel sheet 

shows a non-chemical additive  : wool .Which is a product used for many purposes 

such as construction. The only constraint of this  product remain in its treatment 

process as explained previously in this paper. 

 

 

 

Table 11: Changing the mixture using a non-chemical additive: Wool 
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To sum up this part the upcoming scenario are showed in this project and illustrated by tables 

in excel:  

1. “EXTRABRIK” 

2. Replacing a technician by a machine 

3. Adjusting  the mixture of sand  and  clay to  80 and 20 percents during production    

process bricks  

4. Investing in a new brick machine  

5. Evaluating the impact of  a non-chemical additive  wool on the overall cost 
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 Table12: Summary of t all the alternatives showing the overall costs 
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Table 13: Showing the Yearly capacities and the selling price for four years 

 
  The table above summarizes the different alternatives adopted for this project either 

by varying the composition of clay and sand from 70 and 30 to 80 and 20 percent as well as 

the retailers of sand replacing a technician by a “Doseur Gravimétrique”, investing in a new 

machine or using additives. It displays also a forecast of the selling prices for four years and 

this starting from 2018 to 2020 in which the inflation considered is equal to 1.50 percent as 

assigned by the “Haut Commissariat au Plan”, the producer of data related to Moroccan 

economy. 

To be able to compare the results from this excel table, it is significant to have one yearly 

capacity by reducing the numbers of shifts to one. By choosing as the best alternative to 

implement the new machine  ,as it cost including all the parameters is the lowest we should 

bear in mind a production rate being equivalent to the traditional brick process.  During each 

period equal to seven hours, 700,000 brick can be manufactured, meaning that the machine is 

giving this amount every day . The table is giving us the capacity of the machine for one year 
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that can be used for computing the total number of days needed by the machine the reach the 

intended amount a bricks similar to an ordinary production process but costless. 

Number of bricks =100,000brick*7hours = 700,000  

Yearly capacity: 21450000 

Number of days = 7 , =30.64 

This computation shows   that the new machine will reveal prominent results as observed it needs to 

operate within three cycles per year to be able reach the yearly capacity of 21450000 units are it 

needs around 31days to complete the required quantity set up in this analysis . In addition to 

that, the company will be saving money in all the parameters starting by the energy (Coal, 

Fuel, and Electricity), labor by decreasing the number of working hours of technicians and 

thus their monthly salaries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Code on Visual Basic for the payback period: 
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Figure 5: Code implemented on Visual Basic for the Payback Period 
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 Output: 

 

 
Table 14: Output of the code display the best alternative its cost and the payback period 

 

9.1. 1 Results of the Payback Period code  

   

  This table is retrieved from excel thanks code generated according to the functions of 

Visual Basic. It is showing the details of the data used for each alternative included in this  

analysis . Those values are simply the most accurate and reliable ones for a low cost brick 

company as it is showed by this table giving us the  output of the code. The fact of investing 

in a new machine is indeed the best alternative for this project and the payback period 

computed and displayed via the code is equal to 233days .So, those results are proving that the 

project is benefic and must be adopted since the payback period is equal to 8 days having a 

production of 31 per cycle. 

We can end up this part by saying that the Moroccan market of bricks should be enhanced and 

the production should be increase. The cost of importing bricks is equal to 15 million of 

dollars yearly. Knowing the country owns natural resources and the potential needed to 

increase the quantity of bricks produced .Moreover , several alternatives are available for 

added value in the product such the use of wool  which enabling us to save 97.18 million of 

dirhams. Based on the study the unit price of brick using wool will be equal to 2.0175 mad , 
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which can be a revolutionary step in the Moroccan market since the difference is only 0.2040 

with the initial cost of bricks using the new refractory machine. 

 

  9.1.2 Results  of the Net Present Value code  

 
 Code on Visual Basic displaying the analysis of the Net Present Value having set this 

code aiming to display appropriate alternative. 
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 The following table regroups the cash flows using NPV formula from Year 1 to Year 

7, the analysis of the results from the different scenarios seems clear , the values are 

greater than the yearly costs since  no negative value is showed. 

 

Table 15: Cash flows for the different scenarios 

 Net present Value code showing the result of each alternative based on the discount 

rate chosen. Tested and displayed in the following table  

 

Table 16: Output of the code 6% showing the NPV and the best alternative 
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Table 17: Output of the code 4% showing the NPV and the best alternative 

 

Table 18: Output of the code 3% showing the NPV and the best alternative 
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           Table 19: Output of the code at the risk free rate showing the NPV and the best 

alternative 
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Table 20: Output of the code at 1% showing the NPV and the best alternative 

                        

Table 21: Output of the code at a random rate of 10% showing the NPV and the best 

alternative 
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9.2 Interpretation of the results of the Net Present Value   

 

According to the tables presented above the best alternative based on the analysis and the 

computations is the investment in a new refractory machine .The net present value is varying 

according to the discount rate which is lowered when the rate is increased.                                 

However, we should bear in mind that in the building section, the price of the land was not 

taken into account thus the initial investment is simply the sum the raw material and the 

machines. For the expected life, it was considered in this project to be equivalent to 15 years 

for all the scenarios based on the investment on the new machine . 

To sum up this part, the results are accurate and based on the work showed in the previous 

section the implementation of this new machine should be considered in real life as it was also 

presented by the code of the Payback Period. 
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10 CONCLUSION 

 

  This Capstone Project was lead in order to evaluate construction products more 

specifically bricks , by analyzing  and adjusting their costs. The study was done according to 

several constraints based on the Moroccan market to serve as model to set up a company. By 

the use of  the Cost Benefit Analysis and the combination of several alternatives either by 

varying the composition of bricks , introducing the use of new refractory equipment’s to 

enhance the performances of the company while reducing its cost that can be a realistic 

option. In other words , the parameters involved rely mainly on the raw materials , equipment 

, labor , transportation and building and their respective descriptions  .In addition to that , this 

financial analysis was done on excel by the use of Visual Basic as a tool displaying 

throughout computation the best alternative among the ones presented previously . 

The aim of the codes implemented on visual basic in excel are related to the Net Present value 

in a first step and to print the best alternative among the different scenarios along with its 

payback period for the second one .Moreover , the output  of the code on the screen the excel 

sheet related to the best alternative and shows  the detailed  costs of all the parameters 

involved in the analysis and this using the Cost Benefit Analysis formula and printing its 

result. 

To sum up ,  this project introduced also another framework to produce bricks using a natural 

additives : wool as well as its supply chain process ,its positive impact on bricks and a 

comparison of the cost of its mixture with the basic one . Al though, future investigations 

must lead in that field to renew it as the manufacturing started to decrease due to the complex 

treatment to process wool and its contaminations . 

The cost benefit analysis is an approach  that showed fruitful and interesting result in this 

project in the way that the conclusion based on  the best alternative is the one of introducing 
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within the Moroccan Brick industry the use a new refractory machine .  

  Finally, this capstone project was achieved throughout a series of ups and downs 

from which  I acquired an experience that will enable me latter on to achieve higher goals . To 

clarify this point, the contact of Moroccan companies in Meknes or other Moroccan cities 

either for a simple visit or to gather the  data to be process has been one of the hardest tasks 

along with Visual Basic in excel.  I learnt to model this  software  thanks to this capstone 

project .Investigating on visual basic , learning the different function types along with the 

methods that should be used for the declaration of variables enabled to developed more 

software skills as en engineering student working on a finance project. The literature review 

made and the articles enabled me to understand  each concept mentioned in this project , 

especially the article from Nigeria reflecting the study on bricks 
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APPENDIX A -Capstone Specification 

 
BAZOUY Youssra 

EMS 

EFFECTIVE SUPPLY CHAIN OF NATURAL ADDITIVES FOR CONSTRUCTION 
PRODUCTS 

 
Dr KISSANI Ilham 

SPRING 2018 

 

 The aim of this Capstone project is to develop Cost Effectiveness Analysis for a 

Moroccan bricks company .The Cost Effectiveness approach will be lead according to real 

data in order to provide an accurate evaluation of the current market. For this study, several 

approaches will be treated   by including a variation of the elements incorporated in the 

financial analysis of the company. And this by eradicating the use of paper based approaches 

and introducing excel as a software to model easily the data. 

 

In addition to that this financial analysis, will be including code using Visual Basic to display 

the outcomes of several alternatives settled for this project. Mathematical sets will be used for 

the computations of the Net present value of a company along with the payback period on 

which the conclusion for each alternative will rely. 

 

The alternatives for this project, will be tested according to the fluctuations of the market for 

the different parameters especially when it comes to the evaluation of the cost of raw 

materials such Sand,Clay, the main components used the manufacturing process of bricks. 

Furthermore, this project aims to introduce the use of non-chemical additives, in particularly 

wool in the mixture used to upgrade it. 
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APPENDIX -B-Clay Brick Machine “BRICTEC”  
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