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Summary 

 

Mexico is a country that represents a great business opportunity for the 

aerospace industry, because of all of its key elements that make it an ideal 

location as a supplier.  Some of these elements are Mexico’s geographic 

proximity, large manufacturing capacity, competitive production costs, highly 

trained labor force, and absence of trade barriers [30]. 

 

Furthermore Mexican manufactures are aware that they can’t compete with 

Chinese prices, but they also know that the aerospace industry needs a high-

skilled workforce besides low cost and cheap prices, that is why Mexican 

suppliers are fighting back by touting location, a stable political relationship with 

the US and are investing time and money to provide the aerospace industry with 

a better-trained workforce that is capable of not only manufacturing highly 

technical products, but also of protecting the intellectual properties of those 

products [34]. 

 

An untapped market and a constant need for the aerospace suppliers in Mexico 

and manufacturers in America is the lack of an established and easy to work with 

distribution channel for super alloys, such as Titanium and Nickel.  Small 

Mexican suppliers don’t manage important volumes to be able to get a discount 

price and the import process is still very complicated.  Therefore, this condition 

represents an excellent business opportunity and will promote the development 

of more suppliers, such as the ones manufacturing high technology parts that 

require the use of super alloys and also the growth of the suppliers already 

established in Mexico. 

 

Through the design of a financial facility location analysis suited to fulfill the 

necessities and characteristics of the Mexican super alloy market, the location of 

a Super Alloys Distribution Center will be determined.   
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The analysis will include the costs of the flow of product from the US to the 

distribution center and all of the possible costs needed to operate the business.  

The analysis will be more complete and adequate for determining the location, 

since it will include the current situation of variables such as prices, infrastructure 

and logistics components.  The added value will be that the financial model will 

be dynamic and will try to adjust the demands and prices to a certain probability 

distribution so that the predictions for future demands and prices could be as 

accurate as possible.  Therefore, this analysis will offer the best possible solution 

for a certain time window. 

 

The results will show the location and costs of opening a super alloys distribution 

center in Mexico, offering also different possible outcomes in case the crucial 

variables follow a certain behavior. 

 

This study will help to determine an adequate location for a super alloys 

distribution center; in the future its possible opening could solve the situation of 

the lack of a titanium and other alloys distribution center that covers the 

necessities of the small aerospace suppliers located in Mexico and clients from 

other industries.  The opening of this distribution center could also bring more 

development to the country. 
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Chapter I 

 

1. Thesis Introduction 

 

1.1 Introduction 

 

1.1.1The Aerospace Industry and its Current Situation in Mexico 

 

Aerospace manufacturers have recently been complaining about small margins. 

“They claim that customers demand technological advancement at the same time 

as they push for quick delivery and competitive prices. They also argue that 

operators (their main customers) do have great profits. Thus, manufacturers 

would like to raise the prices of their spacecraft” [40].  This may sound logical, 

but it would be interesting to analyze if the industry could find alternative ways of 

saving money while remaining competitive.  

 

In order to remain price competitive, the manufactures of the aerospace industry 

have forced their suppliers to migrate to cheaper markets, especially cheaper 

labor markets, and it is in this scenario in which Mexico can play an important 

role, because of its vicinity to the United States and its lower labor wages and 

also because its labor has also been denominated as certified labor.  Even 

though Mexico has a lot of competitive advantages and represents a good 

opportunity to locate the suppliers, the aerospace industry also represents a 

challenge for Mexico as a developing country.  To date, aeronautics trade 

policies have not been fully developed and it is an untapped field for both, the 

Federal and the State governments. 

The practice of outsourcing production of parts and component systems is 

expanding rapidly. This practice is in part a reflection of the general process of 

globalization, allowing aerospace technology to be immune from this process 

because of its technological sophistication could stop the industry from becoming 
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more productive. For example, the rapid growth of electronics subcontracting in 

Mexico after the signing of NAFTA shows how important the price of labor is to 

the industry. Indeed, outsourcing seems now to be at the heart of the US 

aerospace business strategy. The Wall Street Journal recently quoted the 

president of an aerospace subcontractor in Connecticut: "Anyone who's not 

working outside the US is simply not going to get business from the big 

aerospace companies." 

One outstanding competitive advantage is that industrial policies in Mexico are 

aimed at maintaining low wages. In Mexico, government policies are aimed at 

weakening the bargaining power of labor through a long history of state-

controlled unions used to discipline the labor force and keep the growth of wages 

below the growth in productivity. “Today, despite the dramatic increases in the 

efficiencies of Mexican manufacturing, wages remain 10-20 percent of U.S. 

levels.”(Faux, 2002) 

Mexico has already received foreign investment for establishing manufacturing 

and assembly plants for different industries. This has been mainly due to two 

special characteristics of the Mexican manufacturing workforce: low labor costs 

and qualified, reliable human resources. As a result, Mexican manufacturing 

industry has acquired a solid reputation worldwide. A similar story can be told 

about other industries such as electronics, computer assembly, clothes, etc.  

 

Additionally, Mexico provides a strategic location to develop the Aerospace 

Industry, and has become the natural partner for the manufacturing of aerospace 

components sensitive to the US National Security. “There are 124 Aerospace 

Companies already established in Mexico, with a total of 16500 workers. 

Mexican exports for aerospace components and engineering designs were total 

over 500M USD for 2006.” [39] 

 

Currently, Mexico is the Foreign Supplier #6 of aerospace goods to the U.S. 

Market [44]. “Aerospace components made in Mexico exported to the U.S. 
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reached 500 M USD during 2006, according to the Chief of Foreign Investment of 

the Ministry of Economy.  “Bombardier is expecting to completely manufacture a 

small jet in Mexico by 2007”[9].  But even if the powerful company wants to 

complete the line production on Mexico, the BASA (Bilateral Aviation Safety 

Agreement) must be finished first, in order to complete the trade regulations and   

harmonized the Mexican Aerospace regulations with the FAA.  “The BASA 

agreement received on February 28th 2007 the approval necessary to conclude 

steps 6 and 7 on the list of 8 necessary steps  (Appendix 3) to fully complete the 

agreement” [15]. 

 

1.1.2 Titanium and its Current Situation  

 

Titanium (Ti) ore was first discovered in 1791, and it is named after the Titans, 

mythological first sons of the Earth. Pure metallic titanium was not produced until 

1910. Some 40 years later a global titanium industry began to form.  Titanium 

has been used commercially for just over 50 years.  In its pure form titanium is 

strong as steel, but 45% lighter, and compared to aluminum it is 60% heavier and 

twice as strong. Titanium is lightweight, with good strength, and excellent 

corrosion resistance, but is alloyed with other metals to increase its strength. 

 

The Melting Point of titanium is 1668 degrees C and it burns in the presence of 

air or nitrogen. Titanium has the distinction of being the only element that burns 

in a nitrogen atmosphere.  

 

When pure, titanium dioxide is relatively clear and has an extremely high index of 

refraction with an optical dispersion higher than a diamond. This is, when light 

waves interact with the surface oxide of titanium (TiO2) produce beautiful and the 

vivid colors on the surface of titanium.  

 

Titanium is the world’s 4th most abundant structural metal, exceeded only by 

aluminum, iron, and magnesium, and also it is the 9th most abundant element, 
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constituting about 0.63% of the Earths crust. Found in, Australia, United States, 

Canada, South Africa, Sierra Leone, Ukraine, Russia, Norway, and Malaysia. 

Titanium is classified in two categories: commercially pure titanium (Ti) which is 

used in the chemical process industries and titanium alloys having such additives 

as aluminum (Al) and vanadium (V) and which are used for jet aircraft engines, 

airframes and other components. 

 

The next table shows the chemical composition of commercially pure titanium, 

the most common presentation of this Grade 1 Ti is as sponge. 

 

Grade 1 Commercially Pure Titanium Composition 

Titanium 99.67 

Carbon 0.08 

Iron 0.03 

Nitrogen 0.03 

Oxygen 0.18 

Hydrogen 0.015 

Percentage by weight 

Table 1: Chemical composition of Ti Grade 1 

 

Characteristics of Titanium 

• It is lightweight with a specific gravity of 4.5, or around 50% that of copper 

and 60% that of iron. 

• It is a strong material with a tensile strength comparable to carbon steels. 

With a Young's modulus only half that of carbon steel, titanium is soft and 

readily formed, with spring back greater than carbon steel's. 

• It has excellent corrosion resistance to seawater providing long service in 

offshore and marine environments. 

• Commercially pure titanium resists corrosion from acid rain and is growing 

in popularity for architectural application. As a building material, titanium is 

free from pitting corrosion, crevice corrosion or stress corrosion cracking. 
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• Increasing attention as an environmentally friendly metal because it does 

not liberate toxic heavy metal ions by corrosion. Japan started using 

titanium as roofing and siding material in the early Nineteen Seventies. As 

an Island nation, Japan finds real benefits to the corrosion properties of 

titanium as a building material. 

• It can be formed as easily as stainless steel. 

• Other factors that contribute to its diversity of application include its low 

coefficient of thermal expansion, absence of magnetism, and color by 

anodizing. 

• Titanium has a smaller thermal expansion and shrinkage than stainless 

steel. Titanium has a linear coefficient of thermal expansion approximately 

50% that of stainless steel. Therefore, it will experience smaller changes 

in dimensions caused by thermal expansion and shrinkage. 

 

After the attacks on the World Trade Center in September 2001, the titanium 

industry was characterized by a steep decline in demand for its use in aerospace 

applications, particularly in the USA. Demand for titanium sponge in the USA, the 

world's largest market, fell by 34% in 2002, and that for mill products by 30%.  

Figure 1 is showing the worldwide total titanium production and a significant 

reduction in 2002 could be seen, this effect could be easily explained by the 

reduction in the aerospace demand.  After the fell in the demand, the market 

faced stabilization and the main producers of this commodity such as Timet, ATI 

Allvac and RTI have been able to manage the fluctuations in the demands.  

Besides, the current demand for titanium has faced diversification, because 

different industries rather than the aerospace one, like the golf industry among 

others are now receiving almost 40% of the total supply of this element. 

 

Titanium metal products are extremely price competitive, in part because there is 

excess industry capacity; therefore there is a lot of product in the market which 

forces the prices to lower, especially during cyclical downturns. Demand from the 

commercial aerospace market accounts for 37% of titanium consumption.  
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Figure 1: Total worlwide titanum production v.s.Total commercial aerospace production 

Source: Williams, Commercial Arospace Market, 2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Total commercial titanium aerospace production 

Source: Williams, Commercial Aerospace Market, 2005 
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Since some other markets have been interested in the supply of the commodity 

and the lead times have raised and the prices have also risen, the aerospace 

industry is placing enormous orders to compensate the rush created by other 

industries.  Thanks to this the suppliers for all the different industries are looking 

for affordable prices and reliable suppliers. 

 

 

1.2 Problem Description 

 

Titanium is an element used mostly in the aerospace industry, even though 

currently almost 40% of the total worldwide supply is being used in the golf 

industry.  In addition titanium is being used in medical industry, cosmetic 

dentistry and bicycle manufacturing, etc.  Because of this, the demand of the 

titanium has changed over the years and the different interested industries are 

looking not only for high quality certified titanium, but also for a price competitive 

commodity.   

 

Titanium has always been very expensive and it has been used in the aerospace 

industry for over 50 years, but since some other industries have become 

interested in it lately, the price and the lead time of the commodity have raised 

significantly.  The aerospace industry in order to compensate for the shortage in 

the supply has decided to raise the orders placed to the large supplier companies 

and this decision has raised the price of the titanium and its alloys even more.   

 

Other supper alloys used by the aerospace industry are not in such a hard 

situation, because other companies are not as interested in them, therefore there 

is not a global shortage of those products.  But since these other alloys are used 

by the aerospace industry and mostly distributed by the same companies that 

distribute titanium, these supper alloys are also going to be considered in the 

study. 
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In Mexico, most of the demand for titanium and other super alloys is placed by 

the suppliers of the aerospace industry, leaving them in a very difficult position, 

since the price and the lead times offered by the big supplier companies are only 

affordable for big consumers.  This situation becomes a problem for all of the 

small suppliers located in Mexico, because they have to deal with minimum 

amount issues, besides the price, the lead time and the lack of purchasing power 

in order to get a low price contract. 

 

TW Metals has bought the total production of titanium for the next 2 years of one 

of the only 2 producers of titanium in the world.  They are the suppliers of a 

significant number of aerospace suppliers in Mexico and wish to open a super 

alloys distribution center in Mexico, if it is possible by 2008.  Since they are an 

important distributor capable of providing a significant lower price for the 

aerospace and other possible clients already established in Mexico, this study 

will consider the super alloys offered by this company as the generators of the 

demand nodes for the financial facility location analysis done in this thesis.  

 

1.3 Problem Statement 

 

� Is the simulation model a useful tool to represent the dynamic situation of 

some relevant variables needed to determine the best possible location in 

Mexico for a super alloys distribution center? 

 

� Is that certain “best” location profitable? 
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1.4 Objectives 

 

The development of a dynamic financial facility location model that could 

consider most of the important variables needed to successfully represent the 

current situation of an untapped super alloys market in Mexico, in order to 

determine the best location to consolidate the Mexican titanium and super alloys 

demand placed by the local aerospace suppliers and other possible clients.  The 

complete recommendations and results will serve as a guide in case the 

opportunity of completing the investment turns out to be real. 

 

The analysis proposed in this project is focused on the creation of a distribution 

center that could fulfill the needs of the small suppliers for the aerospace industry 

and some other companies that use titanium and other super alloys in their 

manufacturing processes, but that their production capacity is not as big as to 

obtain a discount contract on their own.  In order to offer the most accurate 

results from the analyses, data like estimated demand for the titanium and the 

super alloys that were decided to be included in this thesis, the location of the 

suppliers and the location of the possible consumers for these raw materials is 

going to be collected. 

 

 

1.5 Justification 

 

This research is going to benefit mostly all Mexican aerospace suppliers that are 

currently working with super alloys that still are not handling large enough 

demands to share benefits in prices, or manufacturers from a different industry 

that are currently using those same alloys and also facing the same situation.  It 

will also benefit the growth of an aerospace industry and the promotion of the 

super alloys market which still remains untapped in Mexico.   
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The aerospace industry is forcing its suppliers to leave the US and place their 

factories in countries with lower wages such as Mexico, as previously mentioned, 

Mexican labor is already recognized as qualified labor, therefore, the potential 

benefit such as the growth of a new industry could benefit the country with the 

opening of new and numerous job positions and specially the development of the 

communities close to the factories.  

 

Even though this thesis work is not developing a new research methodology, it is 

going to be comparing the factors previously needed or considered important for 

other countries in the construction of super alloys distribution centers with the 

variables or actual situation of those factors in Mexico.  Once those factors are 

determined, a dynamic financial facility location model is going to be created in 

which the most sensible variables are going to be adapted to a certain probability 

distribution to obtained a more accurate possible future scenario.   

 

1.6 Research Context 

 

In order to determine the location or possible demand nodes needed to complete 

this thesis work, we need to gather information about the current Mexican super 

alloys demand, companies using those alloys and the type of industry they 

belong to.  In order to obtain that information, the Fracción Arancelaria to import 

each of those super alloys will be determined through an Agente Aduanal, after 

obtaining the Fracción, the Ministry of Economy will be contacted and asked for a 

detailed report on the Padrón de Importadores regarding those certain 

Fracciones Arancelarias.  In this report, the name of the company and the 

amount of material that it is importing is shown, so an accurate number for the 

demand could be obtained.  This information will be held confidential and will not 

be released in any part of this thesis since a confidential agreement has had to 

be signed. 
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Information on other important variables, such as the transportation costs, 

warehousing management, real state, government incentives, etc. will have to be 

analyzed in order to offer a complete vision of all of the costs that could be 

involved in the location analysis that must be taken also into account. 

 

The project was developed in Monterrey, at the facilities of ITESM Campus 

Monterrey, with the advising from the logistics experts working at the Centro de 

Calidad y Manufactura and the experts on financing working at EGADE.  

 

1.7 Variables Definition 

 

1.7.1 Plant Location Analysis 

 

The geographical location of the possible suppliers and the potential clients are 

crucial for this analysis, since the location of the distribution center needs to be a 

strategic point between them.  The infrastructure of the possible nodes or cities is 

also going to play a key role, because it could change the accessibility of the city. 

 

The costs of transportation need to be very accurate, since this is a distribution 

center that is going to have its core competence in availability and price and in 

order to have those competitive advantages, the reduction in transportation costs 

could represent the key instrument to achieve success. 

 

The model is going to include the most significant variables that cause the 

opening and operational costs to rise, so the location decision could offer a more 

flexible and sustainable option than the one just considering the variables 

involved in the opening process. Some crucial information in order to obtain a 

realistic result is the current demand, specially the demand placed by each of the 

possible clients.  To construct the model, this information needs to be collected 

with the highest accuracy. 
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1.7.2 Feasibility Analysis 

 

The feasibility analysis will cover the economical analysis of opening a 

distribution center in Mexico.  This analysis will be mostly based on a net present 

value analysis that will consider operational and opening costs on each of the 

demand nodes previously obtained on the research done on the Plant Location 

Analysis. 

  

To complete this analysis, data from different aspects need to be collected, such 

as initial investment, management costs, import affairs costs, logistics costs, and 

storage costs to mention some.  The price of the commodity, the market price 

and the competitor’s price will also be needed.  The current demand, how many 

possible clients are already established, how much is the shortage and the lead 

times for the commodity, etc.  Also, how many competitors are already 

established where they are and how they operate.  Government regulations and 

incentives that could change the decision  

 

The costs used in this analysis need to be very realistic, since this distribution 

center is going to be oriented to serve the small consumers of titanium that can’t 

afford to import it themselves or that this import process represents a high 

percentage of their finish good price and that their purchasing power isn’t as big 

as to be able to absorb the minimum purchase policy managed by large super 

alloys distribution companies.  This is a key aspect in this analysis, since an error 

in the expected values of the costs could represent the potential failure of this 

feasibility analysis. 

 

Once the potential market has been identified, this analysis is going to 

complement the geographical location analysis and vice versa, since in order to 

get the most accurate results, the operational costs are also going to be related 

to the physical location of the distribution center and once this location has been 
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decided, both analysis will determine if the business opportunity is feasible or 

not. 

 

 

1.7.3 Sensitivity Analysis 

 

As a complement to the financial analysis, a sensitivity analysis will be run.  In 

this simulation, twelve scenarios will be considered for each possible site.  This 

is, in each site the price and the demand will be divided in high-low ranges, 

giving four possible combinations for each site, additionally each of those 

combinations will be analyzed with the three capital structures taken as possible 

investment scenarios in the general financial analysis. 

 

This sensibility analysis will provide a better informed decision, since the investor 

could know in advance the pattern of those certain significant variables for the 

model.  If this is the case, the result of the general financial analysis ran with the 

distributions with the demand and price the historical data could no longer 

represent an advantage, but the sensitivity analysis could offer the results 

needed. 

 

 

1.8 Fathom and Limitations 

 

The fathoms of this thesis work are going to be focused on developing a dynamic 

financial facility location model, by combining the results of a facility location 

research and a feasibility analysis to include the most significant variables 

needed to determine the location, opening and operational costs of a distribution 

center for Ti and other super alloys in Mexico.   
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The model initially will try to define the best location out of a group of possible 

best solutions, or demand nodes, this feature will provide the best location out of 

the most saturated nodes or cities in the country. 

 

Another crucial fathom of this thesis work is that the financial analysis is going to 

be managed as a dynamic simulation.  During the analysis, the model will include 

the probability distributions that the demand and prices could follow; therefore the 

possible outcome obtained by running a simulation for a certain time window 

could be more accurate, allowing the investor to make a better informed decision. 

 

Besides the possible prediction of prices and demand tendencies, this thesis 

offers a sensibility analysis in which four possible scenarios of high-low demand 

and high-low prices are presented.  In this analysis, the four possible scenario 

combinations are presented so the investor could see how the investment will 

change in case a certain tendency on each of those variables is known in 

advance. 

 
The most significant limitation of this analysis is that it could only offer a solution 

corresponding to a certain time window, even though it is a dynamic model.  This 

model is using a powerful tool to predict scenarios for the demands, based on the 

current historical data, but even though this predictions show patterns of behavior 

for the demand, they are not 100% guaranteed.  Besides the possible error on 

the estimates, it has to be said that it is a very dynamic kind of industry; therefore 

the solution offered is not going to be valid for a long period of time.   

 

 

1.9 Hypothesis 

 

Ho = The model is a useful tool to represent the situation of the relevant variables 

needed to determine a super alloys distribution center location in Mexico for a 

certain time window  
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Ho = The Ti distribution center will promote the attraction of more aerospace 

suppliers to Mexico 

 
 
 

1.10 Methodology 

 

Steps needed to gather the information required:  

 

� Profile on Aerospace Industry 

� Profile on Ti and other super alloys and its uses 

� Study on current situation for aerospace suppliers and their need for those 

super alloys 

� Literature Review 

� List of Aerospace Suppliers in Mexico 

� Location of Aerospace Suppliers in Mexico currently using titanium or 

other super alloys 

� “Fracción arancelaria” for the types of alloys previously selected and used 

by the suppliers 

� List from the “Padrón de Importadores” using those “fracciones” to get 

names and amounts used in order to establish the demand and location of 

the most important demand nodes 

� Determining the important variables of the incoming flow 

� Obtaining information on each of those variables 

� Studying the tools for a Feasibility Analysis 

� Working with the NPV  

� Working with the NPV for the Sensibility Analysis 

 

The sample to study is going to be formed out of the companies that are already 

importing or working with titanium or other super alloys in Mexico by the time of 

the study.   
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The study will be done in Mexico, all of the states will be included to select the 

companies established on each, once the companies are selected, the model will 

only include the states with larger demand as possible location nodes for the 

distribution center.  The size of the sample will only be defined by the number of 

companies working with super alloys that are included in the “Padrón de 

Importadores” by the time the information is collected. 

 

As mentioned in the steps needed for this study, a list with the names and the 

amount of super alloys that each company registered in the “Padrón de 

Importadores” is buying is going to be the crucial data for this model.  This 

information is going to be obtained from the Ministry of Economy directly with a 

formal petition through a letter signed by the principal of the DIA at the Tec, 

Campus Monterrey, Dr. Mario Martinez. 

 

As for the incoming flow variables, TW Metals will provide an estimate of prices 

for the certain demand and the payment and transportation options they offer so 

we could use that information as variables in our model.  The contacts are 

already established, so the flow of information will be easy. 

 

The data is going to be taken as valid, since it is coming from government 

registration and is going to be taken as the input of the model directly.  The only 

analysis that must be done on data is classifying it correctly in order not to mix 

information from different companies. 
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Chapter II 

 

2. Literature Review 

 

The literature review map is going to be presented as follows: 

 

 

 

2.1 Overview of the Aerospace Industry 

 

 2.1.1. What is the Aerospace Industry? 

 

Aerospace is a widely used term, but what is it? Webster's defines aerospace as 

space comprising the earth's atmosphere and the space beyond. In relation to 

the aerospace industry, it further defines aerospace as of or relating to 

aerospace, to vehicles used in aerospace or the manufacture of such vehicles, or 

to travel in aerospace [26]. 

 

Overview of the Aerospace Industry 
What is it? 
Distribution throughout US 
Main companies of US Aerospace Industry 

Search for New Horizons 

Super alloys 
Titanium and its alloys 
General Info 
Location of consumers in Mexico 
Import Requirements 
Demand and Costs 
Current distribution situation in Mexico 

Latina American Scenario and Opportunities 
Mexico and Aerospace Industry 
Mexico’s Competitive Advantages 
AI companies located in Mexico 

Feasibility Analysis 
NPV 
Sensibility Analysis 

Distribution Center Implications 
Demand Nodes: Possible Locations for the DC 

Ti DC Opportunity 

Overview of the Solution Model Used as a Technique 
Nomenclature 
Mathematical Model 

Recommendations and Conclusions 
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According to the Aerospace Industries Association of America (AIAA) “it is the 

industry engaged in research, development and manufacture of aircraft, missiles, 

space launch vehicles, also involved in the production of propulsion, guidance 

and control systems for the previous components, and finally it is also involved in 

the procurement of airborne or ground-based equipment necessary for the test, 

operation and maintenance of all aircraft and spacecraft” [1]. 

 

 2.1.2. Distribution throughout the United States 

 

The U.S. distribution of aerospace facilities has changed over the years, perhaps 

not that much but some states that were very important in the 90’s are not so 

now a day.  Figure 3 shows the distribution of the aerospace facilities in 1992 

and Figure 4 shows the same distribution in 2001 [1].   The distribution is 

determined by the location of industrialized areas of the country. As with many 

manufacturing industries, the ease of transportation of materials, products, and 

skilled workers influence facility location.  

 

Distribution in 1992 
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Figure 3: Aerospace facilities distribution in 1992 

 

Distribution in 2001 

 

Figure 4: Aerospace facilities distribution in 2001 

Source: Calleros, Carlos. Lean Enterprise Model Proposal for the Emerging Mexican Aerospace Industry.  2005.    
Correction: Boeing is the world larges aerospace industry 

 

 

 2.1.3. Main Companies of the US Aerospace Industry 

This tables list the commercial, defense and space operations of the following 
companies: 
 

 



    20 

 
Source: Calleros, Carlos. Lean Enterprise Model Proposal for the Emerging Mexican Aerospace Industry.  2005.    
Correction: Boeing is the world larges aerospace industry 

 

            
Source: Calleros, Carlos. Lean Enterprise Model Proposal for the Emerging Mexican Aerospace Industry.  2005. 
 
 
These are the types of companies in which final assembly takes place and main 

sub-systems are developed. These companies need the supply of raw materials, 
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basic parts and components, subassemblies, etc., everything that can be 

integrated into the main sub-systems that will eventually be delivered for final 

assembly. 

 

2.2 The Search for New Horizons 

 

The aerospace industry is living a hard time, especially after 2001.  The market 

actually shrank around 17%, a logical explanation for this are the September 11th 

terrorist events, which had a great negative impact for the industry worldwide.  

Thus, the aerospace industry is seeking for options to lower costs and to make 

the industry more efficient.  Downsizing, outsourcing and the strength of the 

commercial segment of this industry will have a tremendous impact on the 

development of the future of the industry. 

 

The aerospace industry has always been dependent on two major business 

segments, defense and commercial. Market influences in these two segments 

tend to be cyclical. In the past, Department of Defense (DoD) spending carried 

the aerospace industry. Today, aerospace sales to the DoD as a percentage of 

total industry sales are declining, while sales to commercial air carriers and civil 

federal agencies are growing. Additionally, exports of US aerospace products are 

accounting for a growing share of industry sales and employment. As DoD sales 

continue to decline, future aerospace employment will be increasingly dependent 

on the strength of the commercial segment. 

 

Downsizing in the aerospace industry is due to the cyclical nature of its business 

segments, the defense and commercial. Erratic defense spending and 

fluctuations in commercial demand for aerospace products are the primary 

causes of this cyclical behavior. All employee groups are affected by aerospace 

downsizing initiatives, but the extent that each group is affected depends on 

product lifecycles. Economic impacts of aerospace downsizing efforts are 

substantial, both to the individual and to communities, but are somewhat less 
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today than in past years. As with all downsizing industries, the challenges of the 

aerospace industry include migrating to low labor cost countries while 

maintaining technological competitiveness in the areas of product development 

and human resources.  The downsizing is an excellent opportunity for emerging 

economies, like Latin-Americans, to offer human resources and agreements that 

could represent a win-win relationship to the aerospace industry. 

 

The challenges facing today's downsized aerospace industry are many. These 

challenges include maintaining technological competitiveness, developing and 

maintaining a skilled and motivated workforce, and providing national security. 

 

2.2.1 BRIC Countries and the Aerospace Industry 

 

Even though Mexico has several business advantages for the aerospace industry 

such as its vicinity to US, trade agreements, etc, how does it compare to the 

BRIC countries?.  Why is it safer to invest in Mexico rather than in a BRIC 

country when it refers to the aerospace industry?   

 

Right now the tendency in the aerospace industry is to leave the US and open 

any manufacturing facility where the wages and labor costs are reasonable, but 

why is it that they are considering Mexico as their first option?  Why would the 

trend remain like that in the next 10 years and some of the BRIC countries would 

not represent a threat for the uprising Mexican aerospace industry?       

 

The Super Alloys DC (Distribution Center) analysis is considering Mexico as the 

country of location, therefore, an investor will like to know if investing his money 

for a time window of ten years (window time expected for the NPV analysis of the 

DC project) in Mexico is safe, considering that other emerging economy 

countries are also competing for manufacturing to the aerospace industry and the 

demand could flee to those countries.  However, to better understand the 

advantages that the aerospace industry finds in Mexico and to offer more data to 
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validate why the time window of this project is a reasonable one, in which the 

business will still be a good opportunity, Mexico will be compared against the 

BRIC countries.  After the completion of a comparative chart, there will be no 

doubt of why Mexico is the best place for aerospace businesses and the best 

location for a Super Alloys DC that is looking forward to fulfill the necessities of 

those manufacturers. 

 

 

Aerospace Industry 

Necessities Brasil India Russia China Mexico

Low Labor Costs Low wages Low wages Low wages Low wages Low wages
BASA- Bilateral 

Aviation Safety 

Agreement

Aviation regulations not 

compatible

A BASA hasn t́ been 

considered

A BASA hasń t been 

considered

A BASA hasń t been 

considered

A BASA will be signed completely 

by 2008, making it cheaper to 

import the finished goods to the 

end user.  The aviations 

regulations are almost the same, 

with the BASA, the safety and 

quality regulations for all 

processes will be completely 

compatible.

Government 

Incentives

Strong incentive 

programs, specially for 

the IT industry

Tax incentives and land 

incentives

Clusters that offer complete supply 
chain integration, Free Trade 

Agreements and Tax incentives in 
certain states

Low Logistics Cost

Since there is no BASA 
signed, the product 

should be revisited at the 
manufacturing site and 
also at US entrance by 
an FAA agent, this is 

very coslty.  Also, a free 
trade agreement that 
covers most of the 

possible manufactured 
products for the 

aerospace industry is not 
available.

Since there is no BASA 
signed, the product 

should be revisited at the 
manufacturing site and 
also at US entrance by 
an FAA agent, this is 

very coslty.  Also, a free 
trade agreement that 
covers most of the 

possible manufactured 
products for the 

aerospace industry is not 
available.

Since there is no BASA 
signed, the product 

should be revisited at the 
manufacturing site and 
also at US entrance by 
an FAA agent, this is 

very coslty.  Also, a free 
trade agreement that 
covers most of the 

possible manufactured 
products for the 

aerospace industry is not 
available.

Since there is no BASA 
signed, the product 

should be revisited at the 
manufacturing site and 
also at US entrance by 
an FAA agent, this is 

very coslty.  Also, a free 
trade agreement that 
covers most of the 

possible manufactured 
products for the 

aerospace industry is not 
available.

A BASA willbe completely signed 

by 2008, making it cheaper to 

impor the finished goods.  Also, 

the vecinity and integration of 

manufacturers by clusters lower 

the logistics costs considerably.

Certified Labor Not available Certified labor in IT Not available Not available

Certified labor force, engineers 
cerfied for working in aerospace 
industry.  Two schools available in 
the country dedicated to train 

engineers in the Aerospace field, 
one in Qro, another in DF

Confidentiality Seldom reliable country Reliable country

The country is not 
reliable, since there is 
top secret technology 

involved in the 
manufacturing 
processes, the 

Aerospace industry is not 
willing to risk it for some 

savings in labor.

Very reliable country

BRIC Countries

 

Sources:  

[15], [7] y [34] 
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2.3 Latin American Scenario and Opportunities 

 

Spacecraft manufacturers have recently been complaining about small margins. 

“They claim that customers demand technological advancement at the same time 

as they push for quick delivery and competitive prices. They also argue that 

operators (their main customers) do have great profits. Thus, manufacturers 

would like to raise the prices of their spacecraft” [40].  This may sound logical, 

but it would be interesting to analyze if the industry could find alternative ways of 

saving money while remaining competitive.  

 

A more effective use of the supplier knowledge and capability could be the next 

differentiator between product development projects.  Major aerospace original 

equipment manufacturers (OEMs) are no longer the vertically integrated 

companies that they once were. It is commonly quoted that suppliers provide 

around 70 per cent of an OE product. Suppliers fulfill different roles and have 

different scales of responsibilities.  Also, the necessity to build up an engineering 

integration capability down to the first and second tier suppliers is a primary 

concern to the OEMs, since they need to shift the supply chain management 

responsibility down to the complete supply chain. 

 

 2.3.1. Mexico and the Aerospace Industry 

 

The aerospace industry represents a challenge for Mexico as a developing 

country.  Aeronautics policies are being developed and it is an untapped field for 

both the Federal and States governments. 

The main goal for a country with a developing economy is to set an agreement, 

in order to meet the standards and represent an option as a trading partner.  

“Mexico should struggle to establish a Bilateral Aviation Safety Agreement 

(BASA), which would certify the aeronautic products, parts and components 
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imported by the USA, including maintenance, flight operations and environmental 

certification, guaranteeing the highest standards both in quality and safety in the 

production processes meant for the aeronautic industry.  An agreement of this 

kind allows for the Federal Aviation Administration (FAA) to acknowledge the 

capacity of the civil aeronautics agency in a foreign country to perform aeronautic 

certification activities” [33]. 

The practice of outsourcing production of parts and component systems is 

expanding rapidly. Such outsourcing is in part a reflection of the general process 

of globalization, and if current trends continue we can expect an expansion of 

outsourcing in its various forms. 

The notion that aerospace technology is immune from this process because of 

its technological sophistication is demonstrably naïve. For example, the rapid 

growth of electronics subcontracting in Mexico after the signing of NAFTA shows 

how important the price of labor is to the industry. Indeed, outsourcing seems 

now to be at the heart of the US aerospace business strategy. The Wall Street 

Journal recently quoted the president of an aerospace subcontractor in 

Connecticut: "Anyone who's not working outside the US is simply not going to 

get business from the big aerospace companies." 

One outstanding competitive advantage is that industrial policies in Mexico are 

aimed at maintaining low wages. In Mexico, government policies are aimed at 

weakening the bargaining power of labor through a long history of state-

controlled unions used to discipline the labor force and keep the growth of wages 

below the growth in productivity. “Today, despite the dramatic increases in the 

efficiencies of Mexican manufacturing, wages remain 10-20 percent of U.S. 

levels.” [16] 

As Mexico comes under pressure from China, it has stepped up its lobbying 

campaign to make it even easier to outsource production to the US. For 

example, under current FAA rules, Mexican manufacturers of certain aerospace 

components are not allowed to certify their products as "U.S. airworthy" in 
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Mexico. They must ship their products to the U.S. for inspection and testing. The 

government of Mexico, and U.S. based firms who manufacture aerospace 

components in the “maquiladoras”, are now lobbying the FAA for a BASA-

Bilateral Aviation Safety Agreement-with Mexico that would allow parts to be 

certified at the Mexican factory and shipped directly to the end user, making it all 

the more attractive to shift production south of the border. 

An agreement like BASA would allow suppliers and manufacturers operating in 

Mexico to export their products directly to their final destination in the USA, as a 

first stage company, which would represent a significant reduction in costs, 

especially the costs related to inspection and certification by American 

authorities.  “Although the process is long, because the “Dirección de 

Aeronáutica Civil” must achieve the competency and training levels so that its 

staff could eventually be prepared to certify parts and components made in 

Mexico under FAA´S regulating framework”, the agreement is necessary so the 

investment to this sector in Mexico, could increase both, the companies´ capacity 

and the use of Mexican raw material in the aerospace sector” [33]. 

 

2.3.2. Mexico’s Competitive Advantages 

 

An agreement like BASA would represent a turning point, because it would make 

Mexico’s competitive advantages even greater and it will also boost the 

investment in this country.  The agreement has been agreed and the completion 

of the process is almost finished, but even without the agreement, Mexico 

represents an excellent option as a trading partner and some companies have 

already noticed Mexico’s potential and have started to invest in the developing 

aerospace industry of this Latin American country. 

 

Mexico has already received foreign investment for establishing manufacturing 

and assembly plants for different industries. This has been mainly due to two 
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special characteristics of the Mexican manufacturing workforce: low labor costs 

and qualified, reliable human resources. As a result, Mexican manufacturing 

industry has acquired a solid reputation worldwide. A similar story can be told 

about other industries such as electronics, computer assembly, clothes, etc.  

 

It is probably worth to make an analogy with a labor-demanding industry that 

already has experience in the Mexican market: the car industry has found a 

formula to keep manufacturing costs low while maintaining production and quality 

levels. Mexico currently manufactures and assembles cars for European, 

Japanese and American companies for the international market. If the same 

success story could be repeated for the aerospace industry, the benefits would 

be enormous. Manufacturers could consider relocating their plants to Mexico to 

manufacture and test parts or entire systems. This would help reduce the cost of 

human labor, especially because of the long periods of time required for 

manufacturing, assembling and testing.  

 

Evidently, such an endeavor requires a successful transfer of technology as well 

as many other considerations. Mexican authorities are doing a great effort to 

make this happen, since investing in Mexico will represent a great opportunity 

and also a win-win relationship.  To name a few actions towards the creation of a 

supplier corridor for the Aerospace Industry, in 1997, Mexican government 

signed a Free Trade Agreement with the European Union and in 2000 a similar 

agreement with Israel. As of today, Mexico has trade agreements with USA, 

Canada, and many Latin-American countries.  

 

Additionally, Mexico means a strategic location to develop the Aerospace 

Industry, and has become the natural partner for the manufacturing of aerospace 

components sensitive to the US National Security. There are 60 Aerospace 

Companies already established in Mexico. Mexican exports for the aerospace 

components and engineering designs were total over 400M USD for 2004. This 
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industry employs 10,000 people in eleven States. Honeywell, Volare 

Engineering, GE & ITR are already doing aerospace design in Mexico. 

 

Currently, Mexico is the Foreign Supplier #6, of aerospace goods to the U.S. 

Market, this is shown in Figure 5 and a graph of the behavior of those exports is 

shown in Figure 6.  

 

 

 

Figure 4: Ranking of main suppliers for the US Aerospace Industry (figures in US Million) 

Source: US Department of Commerce 

 

 



    29 

 

 
Figure 5: Behavior of exports from Mexico to US Aerospace Industry (figures in US Million) 

Source: US Department of Commerce 

 

Just in Baja California, there is a unique concentration of “24 companies already 

established in the State, which represents 40%of the total companies in Mexico.  

In this state, the employment due to the aerospace companies is around 5,700 

people, this includes high skilled labor, and represents near 55%of the 

aerospace employees in Mexico” [5].  The actual distribution of the companies 

that are already established in Mexico is shown in the picture below. 
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2.3.3. Aerospace Companies Located in Mexico 

2.3.3.1. Distribution of the Aerospace Companies Located in 
Mexico 

 

 

2.3.3.2. Activities performed by each company (BC State 
Government, Overview on the Aerospace Industry) 

 
The companies cover a very wide range of activities done for the Aerospace 

Industry.  A brief description of each company’s activity is as follows: 

 

Design 

• Volare Engineering: Design of aircraft interiors (galleys) & tech. 

publications 
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ManufacturingDESIGNMANUFACTURING 

• Honeywell Aerospace: Aircraft’s air conditioning systems (heat 

exchangers)  

• Orcon Corp: Aircraft insulation blankets 

• Hartwell Dzus: Manufacture of Rustless Steel Bolts 

• C & D Aerospace: Aircraft interior bins & assemblies 

• Lockheed Martin Aeronautics: Avionics & military equipment for training 

purposes 

• Pacmin: Scale aircrafts manufacture 

• Horizon Sports Technologies (HST): Diverse range of products, blankets 

for aerospace industry 

• Ascotech: Fluid control and fluid power applications valves for diverse 

industries (including aerospace) 

• Mahetsa: Metal mechanics products, diverse machining components for 

aerospace industry 

• Hutchinson Seal: Rubber Seals for aerospace & automotive industries 

• Gulfstream(General Dynamics Co.): Interiors manufacture, metal parts, 

avionics & fuselage sub-assemblies 

 

 

 

Service and Repairs 

• Chromalloy: Turbine components repair 

• Rockwell Collins Passenger Systems: Aircraft’s Audio & Video  

 

Assembly 

• Suntron Corp. (Honeywell): Avionics & electronics componentsGKN 

Aerospace-Chem-tronics: Metal alloy structures, mainly for turbines 
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• Empresas L.M.: Electrical motors for auxiliary systems (ex: landing gear 

auxiliary system)  

• The Mexmil Company: Insulation blankets 

• Thayer Aerospace: High level machinig components  

• Northtrop Grumman Corp.: Diverse sub-assemblies & components 

• Leach International: Avionics, relays & electronics assemblies 

• Delphi Connection Systems: Electronics assemblies, fiber optics & 

harnesses 

• TDI Transistor Services: Diverse Electronic components 

• Crissair Inc: Hydraulic Valves Manufacturing 

 

2.4 Titanium and its alloys 

2.4.1. General Information and Importance of Titanium and its alloys 

 

Since Titanium is the super alloy with the most critical situation of shortages and 

long lead times, the literature review is going to focus on investigating it.  Even 

though, nickel alloys are also going to be included in the study at the time of 

constructing the model. 

 

The titanium industry was introduced in the early 1950s and this metal has 

gained a lot of importance until becoming the backbone for the aerospace, 

energy and chemical industries.  Titanium alloys are used for demanding 

applications like gas and aircraft turbine engines and also the most critical and 

civilian and military airframe crafts are made of titanium alloys.  “The primary 

reasons for using titanium-base products are its outstanding corrosion resistance 

of titanium and its useful combination of low density (4.5 g/cm3) and high 

strength. The strengths vary from 480 MPa for some grades of commercial 

titanium to about 1100 MPa for structural titanium alloy products and over 1725 

MPa for special forms such as wires and springs.” [22] 
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Titanium and its alloys are currently used in other applications such as golf, 

cosmetic dentistry, bicycles manufacturing, nuclear power plants, oil refinery heat 

exchangers and also in medical prostheses. 

 

Titanium and its alloys are chosen because of the following properties: 

• Density is roughly 55% of steel’s density 

• High strength to weight ratio  

• High corrosion and erosion-corrosion resistance 

• Good mechanical properties at elevated temperatures 

• Very thin, conductive oxide surface film 

• Smooth surface that reduces adhesion of foreign materials 

• Surface promotes dropwise condensation 

There are basically four types of alloys distinguished by their microstructure and 

the information regarding Ti microstructure is shown in Appendix 1. 

The titanium alloys that are mostly used in the aerospace industry are: 

• Ti-6Al-4V  or Ti-6-4 (Including its five variations) 

• Ti-6Al-2Sn-4Zr-2Mo or Ti-6242 

• Ti-662 

The principal characteristics of these titanium alloys are: 

• Ti-6Al-4V: This alloy is known as the workhorse alloy of the titanium 

industry, and because it is the most common over 70% of the alloys 

grades melted are sub-grades from this alloy (Ti-6-4 Grade 5).  This alloy 

is fully treated in sections up to one inch; it resists temperatures up to 

400°C.   

• The different grades vary also because of the addition of other metals in 

the alloy composition and are as follow.  
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Grade 24: Addition of .05% of palladium 

Grade 29: Addition of .01% of ruthenium 

Grade 25: Addition of .05% of palladium and .05% of nickel. 

Grade 23: Reduction of oxygen content to max .13% 

• Ti-6242: It could be used in temperatures up to approximately 

540°C, due to this high temperature its most common use is engine 

afterburner structures and airframe skin applications.  One 

advantage that this alloy offers is its creep and oxidation resistance. 

• This titanium alloy is also known as 662. It has improved strength 

compared with 6-4, but with lower toughness and ductility, and 

limited weldability.   

The chemical composition, particular uses and welding principles of the titanium 

alloys that are used the most in the aerospace industry is shown in Appendix 2.  

 

2.4.2. Location of Principal Consumers in Mexico 

The principal consumers for Titanium in Mexico are the suppliers for the 

aerospace industry.   

The States with the largest number of aerospace suppliers that are currently 

using titanium or that have the potential to work with these alloys in the future 

are: 

• Nuevo Leon 

• Baja California 

• DF 

• Querétaro 
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• SLP 

• Sonora 

• Yucatan 

 

 2.4.3. Import requirements and regulations 

Titanium is a metal that is used by very few industries in Mexico and there is just 

one big manufacturer of this metal in Mexico, Frisa.  The import records from 

Frisa show the titanium they manufacture is imported partly by them and by their 

clients that most of the time, are part of a worldwide tolling strategy. 

In order to import this metal it should be identified by a code, called “Fracción 

Arancelaria”, in order to get this code, the importer must be advised by a 

customs agent (Agente Aduanal) that will also be the only one that could do the 

entire import process.  The custom agent will need the chemical composition of 

the titanium alloy and the presentation (sheet, sponge, bar, billet, etc) in order to 

identify the correct code, if the code is not correct, the import is never going to 

take place. 

The company that is importing the titanium alloy should follow some government 

process in order to be able to import the alloy.  This company must get register in 

the SE (Secretaría de Economía), this is the Ministry of Economy in Mexico, the 

registration that should be done is the one that would make it part of the “Padrón 

de Importadores”.  Once the company is part of this list of companies allowed to 

make imports, the company could start the process with the customs agent.  If 

the company imports any amount or starts the process before getting registered, 

it would incur in a fine of 150 dlls.   

The process of registration requires filling a request format available at the SE 

website, the registration process is free, except for the costs of shipping of the 
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forms.  If this format is not filled properly, the process has to start all over again.  

The acceptance response time is ten days on average. 

There is no quota established by Mexican authorities on these alloys or metals, 

and the taxes vary depending on the alloys and the amount brought into Mexico, 

the drawback process depend on the type of registration the company has in the 

SE and SHCP.  The SHCP (Secretaría de Hacienda y Crédito Público), the 

Mexican IRS, must also qualify one as an importer, so the company’s tax activity 

is registered and the company doesn’t incur in importing fines, which could lead 

to the company’s closing. 

 

 2.4.4. Current Demand and Costs 

The average price that a large size titanium buyer could arrange with his supplier 

is about 80-100 dlls per kilogram (Mexican aerospace supplier, confidential).  But 

the historical data show an average price of 30 dlls including all of the alloys 

contemplated in this study.  Therefore in order to set a reasonable sale price for 

the new distribution center, it would be of 30dlls/kg for an average of all of its 

products.   The price has had a rise of 322% from the average price in 1996 of all 

of the super alloys taken in consideration for this study, to the average price in 

2006. (SHCP. Aduanas) 

The demand used was a compilation of the historical data from the “Padrón de 

Importadores”.  The totals were taken since 1996 and up to 2006 and it is shown 

that the demand in ‘06 represents 228% of the one in ‘96.  The number of 

possible clients has also risen especially in the last 3 years. (SHCP, Aduanas) 
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2.4.5. Suppliers and Distribution Situation of this Metal and its Alloys 
in Mexico 

There is no one in Mexico distributing titanium for its machining in Mexico.  The 

companies that need the titanium must import it by themselves, and this is very 

expensive especially if the amount they are bringing into the country is very 

small, because they have no possibility to arrange a price with the producers of 

this raw material. 

In Mexico there is only one large company that does titanium machining, this 

company is located in Monterrey, N.L and it is called Frisa.  This company is 

importing the largest amount of titanium into Mexico, especially because it has 

forging contracts with Rolls Royce and Boeing.  This company is one of the 

leading worldwide companies in the industrial rings market, with products such 

as rolled rings, contoured rolled rings and open die forgings.  Because of its 

quality, short lead times, reliability, service level and flexibility among others, this 

company is manages big contracts and is important enough to only machining 

certain sizes of rings that sadly are not meeting all of the needs of Mexican 

aerospace suppliers. 

Frisa’s big clients are most of the time in global tolling strategies that allow them 

to get a better rate on large amount of commodities.  One good example is Rolls 

Royce, this company has a global tolling strategy for titanium, a commodity that 

is going to be used by their global suppliers in reasonable large amounts, 

therefore, the total aggregated demand for all their suppliers is bought by Rolls 

Royce headquarters and then redistributed to their suppliers all over the world.  

Frisa gets its raw materials either directly by their clients that practice tolling or 

they import it themselves. Frisa represents the main client for titanium alloys in 

Mexico.   

Because of the importance of titanium alloys in the aerospace industry, the 

aerospace suppliers that are located in Mexico are looking for cheaper ways to 

bring titanium into Mexico and also cheaper ways of manufacturing.  Other 
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important industry that would represent a potential client is the maritime industry, 

this companies and some of the aerospace could start taking advantage of a 

distribution center for titanium located in Mexico. 

 

2.5 Feasibility Analysis 

2.5.1. Net Present Value Analysis 

 

“The NPV of an investment is the difference between the sum of the discounted 

cash flows which are expected from the investment and the amount which is 

initially invested.  The NPV expresses how much an investment will result in.  

This measurement is done by bringing all the cash flows over time back towards 

the current point in present time.”( Value Based Management.net  18/09/2005.  

2006 Copyright) 

 

The cash flows are discounted at a rate that represents the opportunity cost, this 

is how much you would have earned by investing that money somewhere else or 

how much interest you would have had to paid if the money invested was 

borrowed. 

 

This term is called “net” present value because it is considering the initial 

investments and the profits obtained during time.  But also, because the cash 

flows discounted over time are net profits, this is revenues minus costs. 

 

The formula for calculating the net present value makes the following 

assumptions, that the incomes flow in annual basis and the discount rate remains 

constant in the future.  The mathematical formula is the following:  
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The Is are the income amounts per year, the r is the discount rate and remains 

the same over the years, n is the number of years. 

 

 

2.6 Distribution Center Implications 

 

To determine the location of a distribution center, there are a vast variety of 

models that based on certain information, determine the best location with 

respect to the variable that you are trying to optimize, such as minimizing the 

weighted distance, constraining the model to a certain number of facilities, 

covering as much demand as possible or the total demand or even locating the 

facility as far as possible from a certain location. 

 

To determine which model to use, it is important to identify the decision variable 

and the constraints, to fit best the necessities, and also to collect the correct 

information for the model. 

 

Most of the models share certain variables, but in order to run any model some 

decisions should be taken first, such as: 

• Determining the number of possible distribution centers to open 

• Determine the location of those facilities, because there is a possibility that 

the region selected by the model turns out to be infeasible. 

• The size of the distribution center 

• Allocation of demand 

 

Besides the previous decisions that will help determine the right model, 

information on costs should also be collected.  The costs are composed of fixed, 

variable and transportation costs.  Some suggestions on information belonging to 

each field are the following: 
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Fixed costs: 

• Land  

• Insurance 

• Taxes 

• Construction costs 

• Equipment 

• Rent 

 

Variable costs: 

• Materials 

• Labor 

• Energy 

 

Transportation costs: 

• Distance  

• In transit time 

• Fuel 

• Handling 

• Acquisition of transportation equipment 

 

2.7 Overview of the Solution Model used as Solution Technique 

 

The model that we are going to be using is the NPV.  This model is going to be a 

dynamic model since it is going to be combined with a scenario simulation.  

Therefore, the NPV will turn into a dynamic model and also the key variables will 

follow a certain distribution in order to make it a more accurate financial analysis. 

 

After the review of all of the considerations for the distribution center location, the 

cities or possible demand nodes were selected.  The information gathered on 
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those nodes and the NPV model was filled with information regarding each 

demand node.  The demand was specific for each node; the prices also were 

adequate to each city.  Those statistical distributions were introduced in the 

simulation to make each model particular to a certain site. 

 

The NPV was formed out of an earnings statement, provisions considered for 

reinvestment after the assets end their cycle of life and also an initial investment.  

All of the variables and the detail of each data introduced to the model are 

explained in chapter 3.   

  

 2.7.1. Nomenclature 

 

Io= Initial Investment 

In= Net Profit obtained at that certain period of time 

r = Interest rate 

 

2.7.2. Mathematical Model 
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The objective is to bring each cash flow to present value so it could be contrasted 

against the initial investment and determine if the business is profitable or not.   

 

The initial investment consists of all of the spending that needs to be done in 

order to start the business. 
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The net profit obtained each year consists of the EBITDA minus the expected 

provisions needed for that year. 
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Chapter III 

 

3. Dynamic Financial Facility Location Model 

 

3.1 Development of a Dynamic Financial Facility Location Model 

 

3.1.1 What is a Financial Facility Location Model? 

 

This model will combine the benefits from a NPV analysis with the results from a 

facility location research that shows the cities with the best characteristics to 

serve as nodes for the construction of a Super Alloys Distribution Center. 

 

The facility location research found the companies that were importing super 

alloys from 1996 to 2006 then; the states with the highest demand and best 

accessibility were selected.  At the end, five states were selected to serve as 

demand nodes and possible sites for the location of the DC (definer DC) 

 

The financial analysis was conducted for each state and also with each of the 

selected capital structures.  Different capital structures were offered in order to 

obtain better scenarios that could reflect the impact of the debt in the earnings 

and provide a wider range of information to make the right investment decision. 

 

Therefore, the financial facility location analysis was an NPV analysis conducted 

with three different discount rates per capital structures on each of the five sites 

selected. 

 

Even though this could sound like a very common financial analysis, what this 

thesis is offering as a contribution and what makes it a subject of study is that 

this analysis was turned into a dynamic financial analysis by adding statistical 

variation to the most significant variables of the model. 
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In a DC operation the demand and the price of the product were the most 

important variables that would determine if the project was going to be feasible or 

not.  The simulation was run making it a dynamic financial analysis, this is, the 

demand and the price of the product were adjusted to follow a certain probability 

distribution based on historical data. With the help of a decisioneering software 

several scenarios were run in order to determine with the highest possible 

accuracy the outcome of the NPV analysis. 

 

So at the end of the study, the financial facility location analysis includes a NPV 

analysis made on several pre-selected sites and it features a dynamic 

mechanism to predict the possible tendency of the data. 

 

 

3.2 Dynamic Financial Facility Location Model: Crystal Ball Implementation 

 

In order to make a contribution to the NPV analysis and to offer a more accurate 

and reliable answer to the investment decision, the financial analysis was turned 

into a dynamic analysis.  Since the key factor of an NPV calculation is the value 

given to the sales and that depends on the analysis made for the planning of the 

demand, therefore if that forecast is not accurate, the complete analysis could 

collapse.   

 

During the time window that the financial analysis lasts, the demand in a regular 

NPV will remain steady or will have to be changed discretely.  What the 

decisioneering software called Crystal Ball does is that it adjusts the demand 

field to a certain probability distribution so that a finite number of scenarios could 

be run following the pattern of growth of the demand.  This distribution doesn´t 

need to be changed each year of the simulation, a reference number is given and 

automatically the decisioneering software is generating random numbers that will 
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represent a certain value within the distribution given, which could be continuos 

or discrete. 

 

After the demand and the price are set to be assumptions and were assigned a 

certain probability distribution, the scenario analysis is run.  This tool offers the 

opportunity to generate thousands of random numbers that could be transformed 

into values within that certain distribution.  These values will be the trigger of a 

net present value result for one scenario; the software will run as many scenarios 

as indicated and offer the mean of those results as a general answer.  This way, 

the result is more accurate than just a static NPV analysis and even more, the 

simulation can be held several times to compare the trends of the results 

obtained. 

 

 

3.3 NPV Components 

 

3.3.1   General Assumptions on the model 

 

In order to explain the complete Dynamic Financial Facility Location Model 

functioning and how it was run, several general assumptions were made and 

they will be presented in this chapter.  In the following sections, their particular 

assumptions will be included and an explanation on the model as general and on 

each particular section will be presented as well. 

 

• Market 

The super alloys industry in Mexico is a new market and in certain aspects an 

untapped one, which is also the case of the opening of a DC of this kind.  The 

emerging industry grows at an impressive rate of 52% per year [37].  The last 

numbers on this market that could be gathered were from 2006 and show a total 
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demand of over 3 million kgs and a spending of over 90 USD Million (SHCP, 

Aduanas). 

 

• Site selection 

An independent NPV analysis was run in 5 different states, Distrito Federal (DF), 

Nuevo León (NL), Sonora (SON), Yucatán (YUC) and Querétaro (QRO).  These 

states were selected because they capture almost 90% of all of the demand for 

supper alloys placed by the country [37].  The aerospace companies that 

manufacture and use most of these alloys are also placed in those sites; 

therefore all of the data needed to complete the location analysis was taken from 

there. . 

 

• Demand value 

In order to obtain the values for the demand, the “fracciones arancelarias” for the 

alloys were obtained in order to track the information on each alloy from the 

government customs agency.  The data from the “Padrón de Importadores” 

showed the amount on each “fracción arancelaria” imported into Mexico by each 

buyer and the price at which that material was being bought. 

 

The information obtained was from 1996 to 2006.  Once it was obtained, it was 

classified by state and by year.  Therefore, for this study the gathered data per 

import included the price, the amount, the year and the state of final destination.  

As a final classification, 5 documents were done per state, on each document a 

year classification was done and each year included the total number of imports 

and each import included the amount in kgs and the price in MXP, converted to 

MXP as of 2006 by applying the inflation rates and then converted to USD as of 

2006. 

 

The value given to the demand in each of the 5 final information documents is a 

reference value.  This value acts as a reference for Excel, since the 

decisioneering software is linked and works with it.  The value is taken as a 
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reference so Excel could run the NPV formula, but when the multiple scenarios 

are run, Crystal Ball launches the random numbers and assigns a certain 

demand value based on the distributions given.   The reference demand value 

was 3, 043,191 kgs. 

 

The demand reference value was set to that certain number because the five 

sites previously selected have a similar demand, and they have a reasonable 

growth potential.  As of 2006, they have close to 20% of the demand each, even 

though YUC is lower, but it was decided to be included for comparison purposes.  

The demand reference value is close to 40% of the total projected demand for 

2008, but it represents a little more than 20% of the total market demand 

throughout the total time window of the NPV [37]. 

 

 The demand reference value was decided to be included as a fixed value 

throughout de 10 year period of the NPV for the worse case scenario calculation. 

Nevertheless, a variation on the demand will occur when running the dynamic 

financial model and the growth tendency will be dictated by the decisioneering 

software, which has as input the probability distribution obtained by the ten year 

historical data.   

 

That reference value was set to be 20% because it is the market share that the 

DC is at least forecasted to capture, because it is expecting to fulfill the total 

demand of the site selected (all of them are close to a 20% of the total market 

demand), plus the demand of the northern states. Although this latter demand is 

going to be served directly from the border to optimize freight cost without 

passing through the DC, for purposes of the study it will not affect the tendency 

of the demand distribution for that site. In any case, the impact that it could have 

on the income was already considered in the number assigned as a demand 

reference value, since it started considerably high (40% of the total expected 

market size for 2008) and the simulation will follow a growth rate of an assigned 

distribution. 
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• Demand distributions 

For each site a demand distribution was obtained from the historical data that 

was obtained over ten years.  The distribution obtained per site was taken as 

input of an individual NPV analysis per site called general, only to give a name to 

the complete set of data.   

 

To give more information to the decision maker, a sensitivity analysis was done, 

consequently, a partition of the data was necessary. The demand was divided 

into high and low values, therefore a demand distribution for each of these 

ranges at each site was used as the input data for the sensitivity analysis. 

 

In order to obtain those certain probability distributions, the Crystal Ball software 

was used.  All of the historical data gathered was piled in a column and adjusted 

to a certain distribution by the software; the best fit distribution with its 

parameters was given.  In order to obtained the low rank of the demand all of the 

values below 500 kgs were piled in a column and also followed the same 

procedure.  To obtain the high rank of the demand, all of the values above 500 

kgs were used. 

 

The following information represents the obtained probability distributions per 

site, for the general NPV analysis and also for the sensitivity analyses.   

 

General Dynamic Financial Location Model Distributions per Site [37]: 

 

Site Probability Distribution Parameters

DF Lognormal Mean: 758.72, Std. Deviation: 36,502.63
NL Lognormal Mean: 688, Std. Deviation: 27503
QRO Lognormal Mean: 1599, Std. Deviation: 134,264
SON Lognormal Mean: 758, Std. Deviation: 36,502
YUC Lognormal Mean: 150, Std. Deviation: 2319  
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Sensitivity Analysis Distributions per Site (Low Demand) [37]: 

 

Site Probability Distribution Parameters

DF Lognorm Mean: 46.41, Std. Deviation: 305.41
NL Lognorm Mean: 66, Std. Deviation: 529
QRO Lognorm Mean: 66, Std. Deviation: 603
SON Lognorm Mean: 46, Std. Deviation: 300
YUC Lognorm Mean: 44, Std. Deviation: 275  

 

 

Sensitivity Analysis Distributions per Site (High Demand) [37]: 

 

Site Probability Distribution Parameters

DF Lognormal Mean: 6754.98, Std. Deviation: 14476.25
NL Pareto Location: 494.47, Shape: --
QRO Lognormal Mean: 6569.12, Std. Deviation: 12933.25
SON Lognormal Mean: 6000, Std. Deviation: 14000
YUC Weibull Location: 530.6, Scale: 3454.33, Shape: --  

 

 

• Buying Price 

TW Metals was interested in starting a DC in Mexico for their products.  They are 

one of the most important companies in the world in the metals industry.  After 

showing their interest in this thesis project, they offer to be the capital investor of 

this project and also offer to give a fixed price for the super alloys for at least 5 

years, since they had already bought the complete production of Ti from China, 

one of the two only countries that are selling raw Ti [36].  That price is mentioned 

as the “buying price” and was used as reference for the financial analysis. 

 

The price at which the distribution center is buying the super alloys from TW 

Metals is going to be fixed for at least 5 years.  That price was established upon 

the assumptions that TW Metal was going to be controlling the distribution over 

Mexico by being the capital investor of the project.   
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The price was set at 20 USD per kilogram as the average of all the super alloys 

that were going to be sold in the DC and it was remained fixed through the entire 

analysis.  Besides the reason that there was an offer of a fixed price, the buying 

price remained fixed because there was no historical data on prices at which a 

super alloys distribution center buys its merchandise simply because there is not 

even one DC of that kind in Mexico. 

 

• Sale Price 

The price at which the distribution center is going to buy the super alloys is fixed 

for at least 5 years, therefore the sale price was referenced at 30 USD, to make 

an earning of 10 USD per kg in each order. 

 

The 30 USD value remained fixed through the entire time window, but just as the 

demand it is used as a reference value, since that price is also going to be 

determined by the probability distribution assigned in the decisioneering 

software. 

 

• Sale Price distributions 

The distribution for the sale price was obtained following the same process used 

to obtain the demand distributions.  A distribution containing all the historical 

price data was obtained to be introduced in the general dynamic financial 

location model. Two other distributions were obtained to be introduced into the 

sensitivity analysis, the low rank was formed by all the orders below 300 USD per 

kg and the high rank was completed by every price from 300 USD. 

 

In order to get this distributions correctly, the data needed to be converted into 

USD.  The original data for the price was obtained in MXP, as it was mentioned 

before, the inflation rate per year was obtained and those values were converted 

into MXP as of 2006, then those MXP were converted into USD as of 2006.   
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After having all the prices of every year converted to MXP as of 2006, the data 

was introduced into the software to obtain the certain distributions for each of the 

financial analysis. 

 

The following are the distributions obtained for each financial analysis. 

 

General Dynamic Financial Location Model Distributions per Site [37]: 

 

Site Probability Distribution Parameters

DF Lognorm Mean: 5448.03, Std. Deviation: 99204.01
NL Weibull Location: 14.45, Scale: 928.06, Shape: --
QRO Weibull Location: 15.17, Scale: 870.06, Shape: --
SON Lognorm Mean: 5400, Std. Deviation: 99000
YUC Lognorm Mean: 3948, Std. Deviation: 43,262  

 

 

 

Sensitivity Analysis Distributions per Site (Low Demand) [37]: 

 

Site Probability Distribution Parameters

DF Weibull Location: -0.05, Scale: 69.83, Shape:--
NL Lognorm Mean: 77.21, Std. Deviation: 119.73
QRO Lognorm Mean: 1302.24, Std. Deviation: 10665.56
SON Weibull Location: -0.05, Scale: 69, Shape:--
YUC Exponential Rate: 0.01  

 

 

Sensitivity Analysis Distributions per Site (High Demand) [37]: 

 

Site Probability Distribution Parameters

DF Weibull Location: 294.54, Scale: 3556.51, Shape:--
NL Lognorm Mean: 7930.92, Std. Deviation: 19091.68
QRO Lognorm Mean: 15302.92, Std. Deviation: 56131.54
SON Weibull Location: 200, Scale: 3000, Shape:--
YUC Lognorm Mean: 3408.95, Std. Deviation: 5523.84  
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• Inventory 

The facility is prepared to support a 60 day physical and working capital 

inventory.  This amount of inventory is what the DC needs to fulfill the local 

demand without running out of material through the lead time of 50 days needed 

to fulfill the next order. Under current importing patterns there is no chance that 

the 60 day policy fails and let the DC without physical inventory. 

 

The value of the 60 days for the working capital cost was calculated from the 

amount of sales expected during those days.  Te policy of inventories will take in 

count the in-transit inventory in order to complete the physical 60 day level, once 

it lowers that level it will trigger an order size according to the economic order 

quantity methodology. The DC is prepared to support more than 60 days of 

inventory, it has 2000 m2, but just 1200 m2 are dedicated to the warehouse.  

Based on Ti density, the amount of space needed to support the inventory is 

close to 110 m3, but space for the racks, the forklifts, the maneuvers, loading and 

unloading has to be considered.  Following the layout of a steel DC located in 

Santa Catarina, N.L., the 1200 m2 are more than enough and offer a comfortable 

space distribution. 

 

• Transportation Cost (FOB at DC) 

The transportation costs that are going to be included in the NPV analysis only 

include the incoming flow of the product.  This is the cost of sending the product 

from its origin (US) to the distribution center.  In order to make the analysis 

easier, the value was an average cost for all the possible sites. 

 

The mode of transportation picked was truck, since rail was very slow and the in-

transit inventory could be really high, air is very expensive and the last thing to do 

is increasing an already high product price, and at last piggy back couldn’t be a 

good options since rail is still very slow.  The transportation cost consists of the 

cost of transportation, in-transit inventory, field inventory and plant inventory 

costs.  All of these costs come from an average rate of transportation (average 
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for all the possible sites), the calculation of the minimum order quantity, the cost 

of the product and the expected demand.  All of the calculations are shown in 

Appendix 4. 

 

The outgoing flow (from the DC to the client) couldn’t be determined since it was 

going to be variable because the location of the final client was not always going 

to be the same.  But the DC offers to manage the logistics of the delivery and 

could be able to get a preference rate. 

 

The costs of transportation include the fees generated while crossing the border 

and the cost include the importing fees. 

 

 

3.3.2   Earnings Statement (EBITDA) 

3.3.2.1   Incomes 

 

The incomes come from the expected sales.  The expected sales are calculated 

by multiplying the demand times the sales price.  In this case, the demand was 

adjusted to the forecast obtained from historical data, as well as the sale price.   

 

Assumptions: 

• The average sale price was set at 30 USD for the complete time window 

of the project (10 years).  This price was based on the fixed buying price 

estimated for the project. 

• The demand and the price were adjusted to a probability distribution at 

each site, depending on the historical behavior of the demand at that site 

and also were adjusted to a certain range value in order to be able to 

complete the sensibility analysis. 

• The expectation is to capture at least 20% of the total market demand 
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• The incomes are only going to be determined by the local behavior of the 

demand, since the DC is only going to cover local demand and the 

demand from the northern states will be served from the border, since the 

suppliers from the DC will leave those certain orders with an “agente 

aduanal” and they will control the rest of the logistics maneuver. 

3.3.2.2   Sales Cost 

 

This cost is formed of the expected product cost plus the transportation cost.  

The product cost was obtained by multiplying the demand times the price given 

by the possible suppliers of the DC.   

 

In the sales costs, the demand was set as an assumption but since no historical 

data on the price at which the possible suppliers were selling it to their 

established clients was given, it remained as a constant.  The transportation cost 

was calculated annually.  All of the rates were FOB at DC. 

 

The transportation cost included the following costs [7]: 

• Transportation Cost: R*D 

• In-transit Inventory: I*C*D*T/365 

• Plant Inventory: I*C*(Q/2) 

• Field Inventory: I*C’*(Q/2) 

 

Where: 

 

R= Transportation rate (USD/Km) 

C= Cost of Product 

D= Demand (year) 

Q= Economic Order Quantity 

C’= Transportation Rate + Product Cost 

T= Transit time 
 



    55 

 

 

All of the calculations needed to complete the costs are shown in Appendix 4. 

 

 

3.3.2.3   Operational Expenses 

 

There are several costs included in this section such as [8]: 

 

• G&A Expenses:  These are the general and administrative expenses, 

such as office supplies, car expenses, etc. 

• Non-Lease Facility Cost: These are all of the costs incurred while having a 

facility, such as utilities. 

• Management cost:  Labor was divided in managerial cost and the labor 

that was going to need the creation of a union.  In this first cost, just the 

administrative positions were considered. 

• Hourly labor: All the operators were included in this section.  Besides their 

salary Social Security and Union costs were considered. 

• Working Capital Financing Cost:  In order to determine this cost, an 

interest rate on a credit line for 3 million dollars was estimated, this rate 

was TIIE+2.5% as of November 2007, this rate was settled on 10.49%. 

In order to continue the calculus, an inventory working capital financing 

cost was determined, since it was going to take the DC around 60 days to 

complete the door to door process and therefore the same amount of days 

to receive any payment, the cost of the inventory working capital was 

estimated on 2 months of the expected annual sales, and that cost times 

the interest rate of the credit line previously obtained was the result of the 

inventory working capital financing cost.   

 

In order to obtain the expenses working capital financing cost, the monthly 

expenses were calculated, then it was multiplied by the annual interest 
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rate previously obtained divided by 12 to obtained the monthly cost and 

then times 3 to obtain the cost of only three months, since after that 

certain time, the DC was going to be self sufficient and financing for its 

daily activities was not going to be needed. 

• Insurance: It included a warehouse and inventory insurance up to 5 million 

USD liability per year. 

• Facility Lease cost [20]:  It included the rent for 2000m2 at 64.56 

dlls/m2/year.  This cost per m2 was an average of the cost of the five 

states considered in the study. 

• Construction Cost [20]:  This cost was considered for a Class A Facility 

Construction.  A 1200m2 building at 115 dlls/m2.  Class A Facility means a 

building with all the electrical, water and security requirements.   

• IT Recurring Annual Fees:  Technical support for IT was also considered. 

 

All the calculations are shown in Appendix 5 

 

 

3.3.2.4 Depreciation 

 

All of the assets were depreciated following the current tax law.  Several time 

windows for each group of assets were determined.  All of the possible future 

acquisitions of assets considered in the provisions, were also include in the 

depreciation. 

 

The depreciation calculus are shown in Appendix 6 
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3.3.3   Provisions 

 

Since some of the assets were totally depreciated before the time window of the 

financial analysis, a future acquisition for that asset needed to be contemplated.  

The provision is the amount of money that the DC needs to hold on to each year 

in order to complete the payment of new assets every time a certain asset is 

completely depreciated.  For example, the time window for this certain analysis is 

10 years and the building is completely depreciated in 20 years, therefore during 

those 10 years of the analysis, the DC will have to create a provision for half the 

cost of the building, since a new one will have to be acquired in the next 10 

years.  This calculus was done for each asset. 

 

The complete Provisions are shown in Appendix 7. 

 

 

3.3.4   Equity Interest rate [11] 

  

In order to make a more complete analysis, three different capital structures were 

presented.    In order to calculate the equity interest rate, a methodology called 

CAPM was used.  This model takes in consideration an adjustment factor derived 

from the systematical country risk where the company is going to be established. 

The yields were calculated upon American financial instruments since the 

financing is in dollars. 

 

[ ] EMBIrrErrE
FMFE
+−+= )()( β   

 

Where: 

 

E(rE) = Equity interest rate or cost (Appendix 8) 
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rF = Rate free of risk (T Bill 10Y)  (Appendix 9) 

rM = Market yield rate (S&P 500)  (Appendix 10) 

β = Beta Factor.  Factor that determines how related the stock price and Wall 

Street behavior are.  (Appendix 11) 

EMBI = Adjustment country risk factor*  (Appendix 12) 

 

* The adjustment factor EMBI (Emergent Markets Bond Index) is calculated by 

JP Morgan and follows the behavior of debt instruments from emerging 

economies operated overseas.  It considers debt instruments in USD (Bradys, 

Debt and Eurobonds) 

 

3.3.5   Debt Interest Rate  [11] 

 

In order to determine this interest rate, several data needed to be collected, the 

initial investment (in MXP), the expected exchange rate MXP/USD for the first 

year of the analysis and the interest rate given by the bank on a credit line.  After 

calculating the value of the initial investment (year 0) in the first year (using the 

bank interest rate), both values of initial investment needed to be converted to 

USD with the exchange rate corresponding to each year.  After both values are 

obtained, a simple division will obtain the actual debt interest rate. 

 

In the analysis the debt rate obtained seems to be lower that the original rate 

given by the bank, but in fact both rates are equivalent, since what this 

methodology does is converting the rate in MXP to a rate in USD, the currency of 

our analysis. 

 

The Debt Interest Rate is completely shown in Appendix 13 
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3.3.6 WACC  [11] 

 

The weighted average cost of capital is determined by the following formula: 

 

( )
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+
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Where: 

 

WACC = Weighted Average Cost of Capital 

rD  = Debt Interest Rate 

rE  = Equity Interest Rate 

T = Tax rate 

D = Debt percentage 

E = Equity percentage 

 

This WACC is considering the rate that the stockholders may need in order to 

make an investment and also it is considering the interest rate given by a bank 

for the financing.  Since it is weighted depending on the percentages of equity 

and debt, it will be the most accurate interest rate to use in the NPV analysis. 

 

Three different capital structures were presented in the NPV analysis.  With this 

option, the investor could have a better picture of the impact of the financing 

against the real benefit from the business, this is understandable if the earnings 

come from a cheaper credit or if it is that the business is creating a higher NPV. 

 

The complete rates are shown in Appendix 14 

 

 

3.4 Sensitivity Analysis 
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After concluding the NPV simulation for each site in every  possible capital 

structures with the probability distributions obtained from the historical data, the 

two most important factors, price and demand, are going to be classified into high 

and low values.  After this four possible scenarios are going to be created: 

 

• High Demand - High Price 

• High Demand - Low Price 

• Low Demand - High Price 

• Low Demand - Low Price 

 

On each of those scenarios a new probability distribution is going to be obtained 

for each site and a new NPV is also going to be obtained.  Therefore, the 

decision taker is going to be better informed on the results that could come out if 

a certain change in those crucial variables happens. 

 

This sensitivity analysis will show the business tendency on each site as the 

capital structure changes, also the change in the NPV value can be analyzed in 

order to determine if a benefit could come thanks to the nature of the business or 

to a cheaper financing. 

 

Another advantage of the sensitivity analysis is that it gives a certain certainty of 

the outcome, since the results on other possible scenarios is shown, therefore 

the investor can anticipate the losses or earnings if those outcomes happen. 

 

As a final benefit from the sensitivity analysis, it has to be said that it qualifies the 

variables as significant or not, since it measures the impact on the result by the 

change on those variables, in this case the demand and the price.  Therefore, we 

can determine which variable affects the most the outcome of the NPV analysis. 
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Chapter IV 

 

4.  Results 

 

The results from all the runs of the dynamic financial facility location model are 

going to be presented, and the recommendation will be the selection of a site that 

offers the best net present value. 

 

This recommendation involves selecting the site that offers the most stable 

demand and price behavior, this is, the results will not pick the highest NPV, but 

the one that offers the most secure investment. 

 

 

4.1 Dynamic Financial Facility Location Model General Results 

 

4.1.1 Simulation example 

 

This example was made with the probability distributions obtained for price and 

demand for the complete ten year historical data obtained on each site. 

 

In order to obtain the results of the dynamic financial facility location model, 

several steps needed to be followed.  The following is an example of how the 

values were obtained for a certain site, from getting the correct distributions to 

filling out the assumptions on demand and price and the forecasts cells in the 

Crystal Ball. 
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Probability distributions 
obtained for the demand 
and price historical data in 

NL 

Forecast.  This was the target 
cell of the simulation.  One cell 

per run. 

 

Assumption.  The probability 
distribution parameters obtained for 
the demand were introduced in each 

demand value. 

 

Assumption.  The probability 
distribution parameters obtained 
for the price were introduced in 

each price value. 

 

 



    63 

 

 

 

 

4.1.2 General Results 

 

NPV Value Chart: 

 

80-20 75-25 50-50

DF 11,176,010.06$    3,240,850.03$      4,670,973.43$      
NL 1,547,215.12$      85,996.06$          -1,086,647.91
QRO 26,744,610.55$    27,293,176.36$    30,789,883.63$    
SON 9,092,998.96$      3,372,497.03$      815,622.41$         
YUC (5,386,735.39)$    (5,429,115.63)$    (5,411,211.62)$    

Capital Structure

 

 

The tendencies can be explained as follows: 

• DF:  The tendency in this site is to decrease the NPV value as the capital 

structure changes.  A significant drop in the value can be see by switching 

the structure from an 80% Capital – 20% Debt to a 75-25, this shows that 

Average Forecast Value.  This 
is the mean of the values of the 
target cell obtained for each 

scenario. 
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the loss is sufficient to block the benefit from a cheaper capital structure.  

As in the contrary, when changing from a 75-25 to a 50-50, the benefit 

from a cheaper financing can be appreciated, this could be because the 

tendency could form an asymptote and the value obtained for the 75-25 

could have been pretty close to it, therefore no more significant losses 

could be shown.  With this low point reached, the benefit from a different 

financing can be measured. 

• NL: The decrement on the NPV result is an obvious tendency, therefore 

there is no benefit in NL, since there is still a loss no matter if there is a 

benefit from the financing, it can’t be perceived. 

• QRO: The NPV keeps increasing; therefore it is a stable site for locating 

the DC.  A dramatic increase can be shown from the change of the first 

capital structure to the second one, it could be explained by the benefit on 

the capital structure and also because it is proof of being a profitable 

business.  A second good increase is also shown in the next change; 

therefore it makes it a secure business opportunity. 

• SON: It shows a decrement every time there is a change on the capital 

structure.  It is sufficient proof that it is not a profitable business. 

• YUC: Every structure shows a loss, the changes are very small therefore it 

could be due to the variations on the scenario analysis and the behavior 

could be explained as a no benefit from a cheaper financing, since it was 

already losing money. 

 

Recommendation: 

It is recommended to choose QRO as the location site of the distribution center 

for supper alloys.  The tendency shows that it has the most stable demand and 

prices that could lead to more secure earnings. 
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4.2 Results from Sensitivity Analysis 

 

To be able to offer a better informed decision of investment, the data was divided 

into high-low ranges in every single site.  The values below 500 Kgs per order 

were going to be taken as Low demand and the values below 300 USD/Kg per 

order were going to be taken as Low price. 

 

The same methodology showed in the previous example was followed in order to 

get the NPV charts for the sensitivity analysis.   

 

High Demand – High Price Scenario: 

 

80-20 75-25 50-50

DF 89,452,865.11$           94,172,198.79$           121,651,964.66$         
NL 749,437,121.56$         872,682,764.94$         886,987,900.16$         
QRO 228,316,537.85$         231,733,688.85$         282,384,558.23$         
SON 91,944,197.94$           92,295,939.07$           102,987,195.35$         
YUC 41,262,281.34$           45,348,762.96$           50,108,075.31$           

Capital Structure

S
it
e

 

 

In this case all of the scenarios show a tendency to increase the NPV value as 

the capital structure changes.  This could be a benefit simply from the change in 

the financing structure. 

 

With this scenario in which all of the sites are profitable, the benefit from a 

cheaper capital structure can be better appreciated. 

 

Recommendation: 

For this scenario, the best site for the DC opening would be NL. 
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High Demand – Low Price: 

 

80-20 75-25 50-50

DF (5,591,855.64)$             (5,799,817.42)$             (10,299,603.69)$            
NL (93,621,635.99)$            27,021,917.42$             123,845,431.31$           
QRO 13,644,543.85$             15,543,263.38$             23,913,388.28$             
SON (5,586,215.57)$             (5,793,773.93)$             (6,794,975.48)$             
YUC (5,548,950.81)$             (5,725,280.13)$             (6,706,545.60)$             

Capital Structure

S
it
e

 

The tendencies can be explained as follows: 

• DF: This only shows a decrement in the possible earnings, therefore the 

impact of the benefit from changing the capital structure can be 

depreciated. 

• NL: It shows a considerable increase in the values as the capital structure 

changes, but there is still a significant loss at the beginning.  This could 

only be reflecting the benefit of the capital structure and not showing the 

true essence of the profitability of the business. 

• QRO: Even though it is a smaller earning it shows a more stable tendency 

and no loss. 

• SON: As the capital structure changes it shows an increase in the loss.  

This shows that the business is unprofitable. 

• YUC: It shows a decrement in the earnings as the capital structure 

changes, therefore it is sufficient proof that it is not a good business 

opportunity. 

 

Recommendation: 

To open a DC in QRO.  Even though NL represents in a certain capital structure 

a better scenario, it still shows a loss, which could be happening, and QRO is 

only showing earnings, therefore is a more stable and secure market and 

business opportunity. 
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Low Demand – Low Price: 

 

80-20 75-25 50-50

DF (6,458,255.95)$    (6,663,119.96)$    (11,480,297.94)$   
NL (6,450,554.25)$    (6,658,329.02)$    (7,782,084.99)$    
QRO (6,298,609.45)$    (6,513,680.29)$    (7,532,112.62)$    
SON (6,458,385.48)$    (6,661,746.53)$    (7,788,028.23)$    
YUC (6,456,274.80)$    (6,661,453.44)$    (7,784,702.58)$    

Capital Structure

S
it
e

 

 

In all of the sites the NPV decreases as the capital structure changes.  This only 

proves that the benefit of the financial structure can’t be sufficient to make it a 

profitable business.   

 

In the chart the possible loss given by QRO is marked, because the general 

answer recommendation was to pick QRO, and if this is the tendencies followed 

by the demand and prices, that would be the potential loss. 

 

Recommendation: 

Not to invest. 

 

Low Demand – High Price: 

 

80-20 75-25 50-50

DF (5,777,253.68)$    (6,026,614.91)$    (10,566,853.40)$   
NL (5,220,501.77)$    (5,333,012.87)$    (6,227,607.86)$    
QRO (3,462,554.87)$    (4,228,420.84)$    (4,813,669.54)$    
SON (5,846,185.38)$    (6,044,584.50)$    (7,049,600.73)$    
YUC (6,104,232.22)$    (6,290,292.45)$    (7,380,102.18)$    

Capital Structure

S
it
e

 

 

Once again, the NPV shows a decreasing trend, which is a clear statement that it 

is not a good business opportunity.  The highlighted value represents the 

potential loss product of choosing the general solution recommendation and 

investing in QRO. 
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Recommendation: 

Not to invest. 

 

 

For these last scenarios the results show that there is no feasible solution for 

them both.  The solutions that area highlighted indicate the possible loss that 

could occur in case the DC is open in the site proposed by the general solution 

from the dynamic financial location model of this thesis and the low demand 

scenarios mentioned above turn out to be real. 

 

Some of the results needed more runs than others, this could be because of the 

dispersion of the data, but after running more scenarios every group follows a 

tendency, therefore recommending investments is more accurate at this time 

than it was when no tendency was shown. 

 

After concluding the sensibility analysis of the model, the final conclusion would 

be that the model is very sensitive to the demand.  As it was proved on the 

several runs needed to perform the complete sensitivity analysis, no matter how 

much the price fluctuates, the most significant variable is the demand.   

 

The DC can absorb a change in price, it wouldn’t matter if it is a rise or a drop in 

the price, but what will make this business opportunity infeasible would be a 

suddenly drop in the demand. 
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Chapter V 

 

5 Conclusions 

 

After the creation of a dynamic financial facility location model and after doing all 

the necessary market research and gathering all the data needed to be 

introduced into the model, the test of running the model to determine if a 

business opportunity of opening a Distribution Center for supper alloys in Mexico 

could be a good one, turned out to be feasible. 

 

The final recommendation would be to invest in the opening of a DC in the State 

of Querétaro, and financing the project with a 50 – 50 capital structure.  Investing 

in this business opportunity and under the assumptions that the price and the 

demand will remain with the same pattern that they have been following for the 

last 10 years will offer a NPV of $  30,789,883.63 USD in a time window of 10 

years. 

 

The simulation runs showed that the investment is really sensitive to the demand, 

even if the business could absorb a significant large fluctuation in the price, it 

couldn’t do the same with a fluctuation in the demand amount.  If the demand 

suffers a significant drop, it could turn the investment infeasible and produce 

severe losses. 

 

Even if the results are very straight forward regarding the risk of a change in the 

demand, the country situation makes the scenario less negative since there is a 

high expectation on future investment from aerospace companies in Mexico and 

also not only this industry is bringing its suppliers and manufacturers to this 

country but also the golf industry, which is rapidly gaining Ti market share. 

Besides that, BASA is almost signed and this will lead to an easier traffic of 

products manufactured in Mexico to the US, therefore the plan of constructing a 
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complete Bombardier commercial plane in Mexico would become real and the 

demand could grow dramatically. 

 

Also, several more companies besides Bombardier are placing their expectations 

in Mexico.  Another commercial airplanes manufacturer is also planning on 

starting a complete small turbine jet construction in Mexico by 2008 if the BASA 

is signed and also three hydraulics companies already established in the country 

are moving their manufacturers facilities completely to Mexico by 2010 [39]. 

 

With all of these business opportunities becoming real, there is no sufficient proof 

that could lead us to determine that the future demand will be lower than an 

average of 500 Kgs per order, on the contrary it gives us an incentive to think 

that it could lead to a very high demand, and in that case the DC business 

opportunity will turn out to be spectacular, since the values for the high demand 

scenarios expected for QRO range form $ 23,913,388.28 to $282,384,558.23 

USD in a 10 year time window. 

 
 

Furthermore, the analysis shows a 30% of earnings over sales, this number is 

also the reflection of a good business opportunity, since in other industries such 

as the PET and Aluminum ones the margin is only 8% and 5%.   

 

Even though this project consists of a high initial investment and high capital 

costs, the value generated overcomes those initial costs and turns it into a very 

profitable business, therefore the final recommendation concluded by this thesis 

work will be to invest in the opening of a Super Alloys Distribution Center in 

Querétaro, Mexico and financing it with a 50-50 capital structure. 
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Appendix List 

 

1. Appendix 1 

 

Titanium [38] - Commercially pure (98 to 99.5% Ti) or strengthened by small 

additions of oxygen, nitrogen, carbon and iron. The alloys are readily fusion 

weldable. 

Alpha alloys [38] - These are largely single-phase alloys containing up to 7% 

aluminum and a small amount (< 0.3%) of oxygen, nitrogen and carbon. The 

alloys are fusion welded in the annealed condition.  Superior resistance 

compared to beta alloys.  Alpha alloys are suitable for somewhat elevated 

temperature applications.  They are also sometimes used for cryogenic 

applications.  Alpha alloys have adequate strength, toughness, and weldability 

for various applications, but are not as readily forged as many beta alloys.  Alpha 

alloys cannot be strengthened by heat treatment. 

Beta alloys [38] - Have good forging capability.   Beta alloy sheet is cold 

formable when in the solution treated condition.  Beta alloys are prone to a 

ductile to brittle transition temperature.  Beta alloys can be strengthened by heat 

treatment.  Typically beta alloys are solutioned followed by aging to form finely 

dispersed particles in a beta phase matrix. 

Alpha-beta alloys [38]- These have a characteristic two-phase microstructure 

formed by the addition of up to 6% aluminum and varying amounts of beta 

forming constituents - vanadium, chromium and molybdenum. This beta phase is 

normally in the range of 10 to 50% at room temperature.  Alloys with beta 

contents less than 20% are weldable and those alloys are readily welded in the 

annealed condition.  Alloys which contain a large amount of the beta phase, 

stabilized by elements such as chromium, are not easily welded.  The most 

commonly used titanium alloy is Ti-6Al-4V, an alpha + beta alloy.  While Ti-6Al-
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4V is fairly difficult to form other alpha + beta alloys normally have better 

formability.  

Titanium has two crystallographic forms: 

• Hexagonal close-packed (hcp) or alpha (α) phase is found at room 

temperature  

• Body centered cubic (bcc) or beta (ß) phase is found above 883 °C 

(1621 °F)  

The reversible transformation of the crystal structure from alpha (α) (hexagonal 

closed packed) to beta (ß) (body-centered cubic) phase through alloying 

additions and thermo mechanical processing after reaching a certain level of 

critical temperature is the basis for the titanium alloys used by industry today.  

This characteristic allotropic behavior results in more strengthening opportunities 

than other materials such as aluminum.  

“Some common titanium alloys are listed below according to these categories”. 

[38] 

Alpha and near alpha 

alloys 

Alpha + Beta alloys Beta alloys 

Ti-2.5Cu Ti-6Al-4V Ti-13V-11Cr-3Al 

Ti-5Al-2.5Sn Ti-6Al-6V-2Sn Ti-8Mo-8V-2Fe-3Al 

Ti-8Al-1V-1Mo Ti-6Al-2Sn-2Zr-2Cr-2Mo Ti-10V-2Fe-3Al 

Ti-6242 Ti-3Al-2.5V Ti-15-3 

Ti-6Al-2Nb-1Ta-0.8 Mo Ti-8Al-1Mo-1V   

Ti-5Al-5Sn-2Zr-2Mo    
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2.  Appendix 2 

 

Chemical composition of titanium alloys most commonly used in the Aerospace 

Industry [36]: 

• Ti-6Al-4V  or Ti-6-4 (Five variations) 

1) Ti-6Al-4V ELI (Grade 5) 

C <0.08% 

Fe <0.25% 

N2 <0.05% 

O2 <0.2% 

Al 5.5 - 6.76% 

V 3.5 - 4.5% 

H2(sheet) <0.015% 

H2(bar) <0.0125% 

H2(billet) <0.01% 

Ti ~ Rem 

 

 

2) Ti-6Al-4V ELI (Grade 23) 

C <0.08% 

Fe <0.25% 

N2 <0.05% 

O2 <0.13% 

Al 5.5 - 6.76% 

V 3.5 - 4.5% 

H2(sheet) <0.015% 
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H2(bar) <0.0125% 

H2(billet) <0.01% 

Ti ~ Rem 

 

3) Ti-6Al-4V  (Grade 24) 

C <0.08% 

Fe <0.25% 

N2 <0.05% 

O2 <0.13% 

Al 5.5 - 6.76% 

V 3.5 - 4.5% 

Pd .05% 

H2(sheet) <0.015% 

H2(bar) <0.0125% 

H2(billet) <0.01% 

Ti ~ Rem 

 

4) Ti-6Al-4V  (Grade 25) 

C <0.08% 

Fe <0.25% 

N2 <0.05% 

O2 <0.13% 

Al 5.5 - 6.76% 

V 3.5 - 4.5% 

Pd .05% 

Ni .05% 

H2(sheet) <0.015% 
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H2(bar) <0.0125% 

H2(billet) <0.01% 

Ti ~ Rem 

 

5) Ti-6Al-4V  (Grade 29) 

C <0.08% 

Fe <0.25% 

N2 <0.05% 

O2 <0.13% 

Al 5.5 - 6.76% 

V 3.5 - 4.5% 

Ru .1% 

H2(sheet) <0.015% 

H2(bar) <0.0125% 

H2(billet) <0.01% 

Ti ~ Rem 

 

 

 

• Ti-6Al-2Sn-4Zr-2Mo or Ti-6242 

 

C < 0.10% 

Fe <0.25% 

N2 < 0.05% 

O2 < 0.15% 

Al 5.5 - 6.5% 

Sn 1.8 - 2.2% 

Zr 3.5 - 4.5% 
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Mo 1.8 - 2.2% 

Si  0.06 – 0.1%  

H2(bar) <0.125% 

H2(forging) <0.150% 

Ti ~ REM 

 

 

 

• Ti-662 

 

Aluminum 6.00% 

Vanadium 6.00% 

Tin 2.00% 

Copper 0.50% 

Iron 0.50% 

Titanium Rem 

 

“Some particular uses for these titanium alloys are listed below [18]: 

• Alloys Ti-6242S, IMI 829, and Ti-6242 (Ti-6Al-2Sn-4Zr-2Mo) for creep 

resistance  

• Alloys Ti-6Al-2Nb-ITa-Imo and Ti-6Al-4V-ELI are designed both to resist 

stress corrosion in aqueous salt solutions and for high fracture toughness  

• Alloy Ti-5Al-2,5Sn is designed for weldability, and the ELI grade is used 

extensively for cryogenic applications  

• Alloys Ti-6Al-6V-2Sn, Ti-6Al-4V and Ti-10V-2Fe-3Al for high strength at 

low-to-moderate temperatures.  
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Some titanium welding general principles: 

• Welding generally increases strength and hardness  

• Welding generally decreases tensile and bend ductility  

• Welds in unalloyed titanium grades 1, 2 and 3 do not require post-weld 

treatment unless the material will be highly stressed in a strongly reducing 

atmosphere  

• Welds in more beta-rich alpha-beta alloys such as Ti-6Al-6V-2Sn have a 

high likelihood of fracturing with little or no plastic straining.  

 

Titanium and titanium alloys are heat treated for the following purposes:  

• To reduce residual stresses developed during fabrication  

• To produce an optimal combination of ductility, machinability, and 

dimensional and structural stability (annealing)  

• To increase strength (solution treating and aging)  

To optimize special properties such as fracture toughness, fatigue strength, and 
high-temperature creep strength. 
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3. Appendix 3 

 
Required steps to complete the BASA Agreement: 

a. Necessary financial resources assignment 

b. Critical decision meeting 

c. Interagency group approval 

d. Reimbursable Agreement 

e. Executive Agreement 

f. Training Program 

g. Technical Evaluation 

h. Implementation Procedures Development [12] 
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4. Appendix 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Expenses

Costs

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Expected product cost (FOB on DC) 60,863,820 60,863,820 60,863,820 60,863,820 60,863,820 60,863,820 60,863,820 60,863,820 60,863,820 60,863,820 60,863,820

Sales Costs Transportation Cost (From Plant to DC) 465,456.93 465,456.93 465,456.93 465,456.93 465,456.93 465,456.93 465,456.93 465,456.93 465,456.93 465,456.93 465,456.93
Expenses 61,329,277 61,329,277 61,329,277 61,329,277 61,329,277 61,329,277 61,329,277 61,329,277 61,329,277 61,329,277 61,329,277

Cost of superalloys 60,863,820$                                        

3043191 Kgs 20 dlls/Kg
Total product expected cost 60,863,820 dlls/year FOB on DC.  The transportation cost from DC to client is going to be charged separately.  

The DC will offer the option of managing the logistics but can´t be able to charge this part of the cost already
 in the product cost since not all of the clients are in the same location.

Transportation Costs 465,457$                                             

Transporation Cost 465457 dlls/year

Inventory related costs

General Info

Demand per year (Kgs): 3043191
Unit price (in dlls): 20
Inventory carrying cost (%/year): 0.2
Placing an order: 100

Transportation Mode Transportation Rate ($/unit) Transit time (Days) Shipment Size (Units)

Rail
Piggyback
Truck 0.06 7 12335
Air

Cost Calculated Method of Calculation Rail Piggyback Truck Air
Transportation R*D 0 0 182591 0
In-Transit Inventory I*C*D*T/365 0 0 233450 0
Plant Inventory I*C*(Q/2) 0 0 24671 0
Field Inventory I*C'*(Q/2) 0 0 24745 0
Total Cost of Transportation Sum 0 0 465,456.93 0

Transportation Options
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5. Appendix 5 

 
G&A Expenses 95,378$                        

Office Supplies 23,911$               
Copying machine rent 5,934$                 
Courier services 1,099$                 
Telecommunication 7,700$                 
Mobile phones 10,000$               
Vehicle maintenance 1,200$                 
Vehicle fuel 1,450$                 
Import expenses 39,083$               
Uniforms/safety equipment 5,000$                 

Non-Lease Facility Cost 293,732$                      

Power 130,000$             
Water 5,600$                 
Trash Removal 1,099$                 
Pest Control 1,099$                 
Site security 90,000$               
Facility maintenance 65,934$               

Management Cost (Includes SS) 105,334$                      

Manager 28,800$               
Supervisor 17,328$               
Secretary 7,222$                 
Logistics 17,328$               
Sales & Mkt 17,328$               
Purchasing 17,328$               

Hourly labor (Includes SS and union cost) 84,896$                        

Forklift operator 10,824$               
Forklift operator 10,824$               
Forklift operator 10,824$               
Forklift operator 10,824$               
Warehouseman 5,200$                 
Warehouseman 5,200$                 
Warehouseman 5,200$                 
Warehouseman 5,200$                 
Warehouseman 5,200$                 
Warehouseman 5,200$                 
Warehouseman 5,200$                 
Warehouseman 5,200$                 

Working Capital Financing Rate 10.49%

TIIE + 2.5%.  Cost of credit line (TIIE=7.99 @ November 2007)

Working Capital Financing Cost 1,599,768$                   

Expected sales annually 91,295,730$        
60 days inventory working capital 15,215,955$        
Inventory Working capital financing cost 1,597,675$          
Monthly expenses 79,714$               
Expenses Working capital financing cost (3 months only) 2,093$                 

Insurance 17,552$                        

Includes warehouse and inventory insurance up to $5M liability per year. 17,552$               

Facility Lease Costs 269,520$                      

2000 m2, a class A facility.  64.56 dlls/m2/year 129,120$             

Construction Costs 140,400$                      

Building 1200m2 @ 115 dlls/m2 Class A construction 138,000$             

IT Recurring Annual Fees 2,400$                         

IT Support 2,400$                 

TOTAL OPERATION EXPENSES 2,608,979$                   
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6. Appendix 6 

 
Depreciation

Depreciated Capital Expenditures 10,650$                    (20 year term) 213,000$                     

Warehouse construction 138,000$                     
Fence 40,000$                      
Fence 35,000$                      

Depreciated Capital Expenditures 3,250$                      (4 year term) 13,000$                      

Utility Car 13,000$                      

Depreciated Capital Expenditures 154,507$                  (10 year term) 1,545,066$                  

Office forniture 32,938$                      
OMM racking system 313,752$                     
GPS lock system 12,149$                      
Deep well dock for containers 3,750$                        
CCTV/access ctrl and intrusion 395,528$                     
Door Seals 10,560$                      
Trailer lamps for docks 3,008$                        
Move electrical lighting in aisles 3,984$                        
Power Upgrade 518,916$                     
Reinforcement of dock gates 64,000$                      
Push-pull devices 23,656$                      
Plastic pallets 162,826$                     

Depreciated IT investments Expenditures 2,000$                      (4 year term) 8,000$                        

Computers (4 @ 1500) 6,000$                        
Periferials 2,000$                        

OPERATION EXPENSES 170406.6366
ANNUAL PROVISION 170406.6366
TOTAL OPERATION EXPENSES 340,813$                   
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7. Appendix 7 

Provisions

20 Year Term 106,500$                  (20 year term) 213,000$                    

Warehouse construction 138,000$                    
Fence 40,000$                      
Fence 35000

4 Year Term 52,500$                    (4 year term) 21,000$                      

Utility Car 13,000$                      
Computers (4 @ 1500) 6,000$                        
Periferials 2000

10 Year Term 1,545,066$               (10 year term) 1,545,066$                 

Office forniture 32,938$                      
OMM racking system 313,752$                    
GPS lock system 12,149$                      
Deep well dock for containers 3,750$                        
CCTV/access ctrl and intrusion 395,528$                    
Door Seals 10,560$                      
Trailer lamps for docks 3,008$                        
Move electrical lighting in aisles 3,984$                        
Power Upgrade 518,916$                    
Reinforcement of dock gates 64,000$                      
Push-pull devices 23,656$                      
Plastic pallets 162,826$                    

TOTAL PROVISIONS 1704066.366

ANNUAL PROVISION 170406.6366  
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8. Appendix 8 

 

 

Equity Interest Rate

Average B Scenario
Equity Rate (80/20) 0.394256
Equity Rate (75/25) 0.409319
Equity Rate (50/50) 0.52983

Higher risk B Scenario

Equity Rate (80/20) 0.299398

Equity Rate (75/25) 0.307177

Equity Rate (50/50) 0.369404  
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9. Appendix 9 

 

The yield from the American bond 10Y TBill needed to be collected.  The 

information was obtained at the Finance Laboratory at CEDES, ITESM Campus 

Monterrey.  The information was obtained from Infosel Finance and Bloomberg.  

The following is an example of the data gathered, at the end and in order to get 

the yield, the average value needed to be divided by 100. 

 

39044 5.0582
39045 5.0349
39048 5.0369
39049 5.0363
39050 5.0356
39051 5.0219
39052 5.0245
39055 4.9928
39056 4.9843
39057 4.9836
39058 4.9751
39059 4.9543
39062 4.9226
39063 4.9323
39064 4.9316
39065 4.944
39066 4.9414
39069 4.9538
39070 4.9505
39071 4.9654
39072 4.9595
39073 4.9829
39076 4.9802
39077 4.9843
39078 4.9862
39079 4.9907
39080 5.0115

Average 4.842233  
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10. Appendix 10 

 

The yield from NY Wall Street needed to be measured, the indicator taken was 

S&P 500.  The information was obtained at the Finance Laboratory at CEDES, 

ITESM Campus Monterrey.  The data was obtained from Infosel Finance.  The 

following is an example of the data gathered. 

 

39050 2.15E+09 1401.14 1386.11 1399.48 1386.94 0.009202
39051 2.15E+09 1406.3 1393.83 1400.63 1399.18 0.000822
39052 2.15E+09 1402.46 1385.93 1396.71 1400.63 -0.0028
39055 2.15E+09 1411.23 1396.67 1409.12 1396.67 0.008885
39056 2.15E+09 1415.27 1408.78 1414.76 1409.17 0.004002
39057 2.15E+09 1415.93 1411.05 1412.9 1414.23 -0.00131
39058 2.15E+09 1418.27 1406.8 1407.29 1413.27 -0.00397
39059 2.15E+09 1414.09 1403.67 1409.84 1406.96 0.001812
39062 2.07E+09 1415.6 1408.56 1413.04 1409.81 0.00227
39063 2.15E+09 1413.78 1404.75 1411.56 1413 -0.00105
39064 2.15E+09 1416.64 1411.05 1413.21 1411.32 0.001169
39065 2.15E+09 1427.23 1413.16 1425.49 1413.16 0.008689
39066 2.15E+09 1431.63 1425.48 1427.09 1426.13 0.001122
39069 2.15E+09 1431.81 1420.65 1422.48 1427.08 -0.00323
39070 2.15E+09 1428.3 1414.88 1425.55 1421.2 0.002158
39071 2.04E+09 1429.05 1423.51 1423.53 1425.66 -0.00142
39072 2.01E+09 1426.4 1415.9 1418.3 1423.2 -0.00367
39073 1.44E+09 1418.82 1410.28 1410.76 1418.1 -0.00532
39077 1.08E+09 1417.91 1410.45 1416.9 1410.75 0.004352
39078 1.39E+09 1427.72 1416.63 1426.84 1416.63 0.007015
39079 1.22E+09 1427.26 1422.05 1424.73 1426.77 -0.00148
39080 1.42E+09 1427 1416.72 1418.3 1424.3 -0.00451

Daily Average 0.000529
Yearly Average 0.212807  
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11. Appendix 11 

 

The risk factor (β) for similar companies already established in Wall Street 

needed to be obtained.  The information was obtained at the Finance Laboratory 

at CEDES, ITESM Campus Monterrey.  The data was obtained from Bloomberg. 

 

Company Raw B Adjusted B
Allegheny Technologies Inc 1.398 1.267
Reliance Steel & Aluminum Co. 0.684 0.789
RTI International Metals Inc. -0.458 0.023
Titanium Metals Corp. 0.313 0.54

Beta Apalancada (average) 0.65475
Beta Apalancada (base mayor riesgo) 1.268 This is the B taken, since the company is going

to be a new one, the risk factor was considered 

above the highest risk B value

Average B Scenario
Beta Desapalancada (80C-20P) 1.80221459
Beta Desapalancada (75C-25P) 1.89385262
Beta Desapalancada (50C-50P) 2.62695685

Higher risk B Scenario

Beta Desapalancada (80C-20P) 0.93059937

Beta Desapalancada (75C-25P) 0.97791798

Beta Desapalancada (50C-50P) 1.35646688

 

 



    87 

 

12. Appendix 12 
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13. Appendix 13 

 

 
 
Intial Investment (Dollars) 1779066.366 Expected Mexican Inflation 2008 0.0369
Intial Investment MXP 19249498.09 Expected US Inflation 2008 0.025
Debt Rate (Bank) 0.1049 MX/US Inflation Rate 2008 1.01160976

Initial Investment (MXP) Year 0 19249498.09
Intial Investment (MXP) Year 1 21268770.43

Exchange Rate 2007 10.82
Exchange Rate 2008 10.94561756

Initial Investment Dollar 2007 1779066.366
Initial Investment Dollar 2008 1943131.15

Debt Interest Rate 0.092219597
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14. Appendix 14 

 

 

Equity Structure

WACC (80/20) 0.252798
WACC (75/25) 0.246982
WACC (50/50) 0.217901  
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