LECTURE 1

Orientation and Introduction
In the following lecture, brief description about the VISION project will be presented. This description will include the project mission, objective, and desired outcomes. The before mentioned items will result in the declaration of the project outputs. EU-partners as well as Egyptian team will be clearly identified. Following, the training approach, evaluation system and website will be defined in order to let the trainees more familiar with the project.

The next part of the lecture is an introduction to engineering economy and its relevance in every engineering application. 
The lecture ends with introduction to Spreadsheet applications that is a powerful tool in engineering economy modelling and calculations.

1.1 VISION Project Overview:
VISION: an international TEMPUS-SCM project
Vision Project is financed by EU-TEMPUS program. The contractor is from Italy, presented by Dr. Renato Rizzo, the project coordinator is Egypt, presented by Dr. Sayed Kaseb, while partners are from England and Greece.
The VISION project includes a free training program for selected post/under graduate trainees, and this pilot project may be extended to teach a complete course or even semester in EU-Countries, or by EU-Professors in Egypt, as a requirement of completion of a certain Egyptian program. 

VISION Mission

The mission of the project may be clearly defined as:

Help Fresh Graduates to compete for distinguished opportunities.

Objectives:

Participation of Egyptian staff with EU-staff in training post/under graduate students on engineering economy (EE) and development of a prototype EE educational material that will include the usage of most recent teaching facilities in addition to a wide spectrum of model application.
Project Outcomes:

1. Transfer Knowledge between Egyptian and EU Staff.
2. Train Post/Under Graduate Students and Teaching Assistant.

3. Develop of Modern Training Educational Material.
4. Establish a Pilot Audio-Visual Digital Library and Its Accessories.
Measurable outputs

Measurable outputs of the project are:
1. The enhancement of engineering graduates level so that they become competitive in the work environment in Egypt. 

2. Increase the institutional capacities and infrastructure.

3. Increase the potential of FECU and other engineering faculties in Egypt.
Partners

Vision partners have a long experience in EE teaching, development and practicing. 
Egypt:

Faculty of Engineering Cairo University (FECU): FECU was established in 1816as the first Egyptian School of Engineering. Today, FECU is the oldest and biggest faculty of engineering in the Middle East. 

Dr. Sayed Kaseb worked in many engineering education and skills development programs, and conducted 30 techno-economical consultations for "National Bank of Egypt" (biggest one in Egypt). He is the manager of "Pathways to Higher Education, Egypt" project funded by Ford Foundation, USA.

Italy:

Naples Federico II: The University Federico II is the oldest state University in Europe

Renato Rizzo is a teaching staff member and researcher in the field of Electrical Machines and Drives, at present is Professor of Electromechanical Design at Faculty of Engineering. He is Professor Honoris Causa of the Technical University of Cluj-Napoca (Romania), IEEE Member, Treasurer of ANAE. Member of "Giunta di Dipartimento" (Electrical Engineering Department Committee)

United Kingdom:

University of York:  The University was funded in the early 1960s. Today, it is in the top ten UK universities.

Tony Ward is a senior lecturer in engineering management with specific responsibility for the management programs and for the development of behavioural, business and enterprise skills in its students.

Greece:
Technological Educational Institutes (TEI) of Piraeus: TEI has been established in 1983. TEI covers the technological component of the higher education in Greece and today they are equivalent to the universities, however with a strong practice and laboratory component.

Emilia Kondili has the responsibility for a number of courses in the area of industrial engineering, such as engineering economics and project management, production and industrial management, and operations research.

Egyptian Team:
The following table depicts the Egyptian team staff as well as assigned duty for each personnel.

	Egyptian Project Team, EPT
	Group work
	Specific Tasks

	Dr. Sayed Ahmed Kaseb, Grant Coordinator
	Egyptian Project Management Team, EPMT
	Project management, monitoring, implementation and supervision of all project activities  

	Prof. Dr. Saad El-Raghy
	
	

	Prof. Dr. Mohamed F. El-Refaie
	
	

	Mr. Abdullah Mohamed Ahmed
	Website and 

IT support
	Design and develop project website, and maintain IT support

	Eng. Manar Mohamed
	
	

	Eng. Omar Abdel-Aziz Ahmed
	Training and material development  assistance 
	Training and material development  assistance as well as receiving EE training and TOT training

	Eng. Amgad Amin El-Dib
	
	

	Eng. Hussein Magdy Mohamed
	
	

	Eng. Walid Abd-Elsamea Maarouf,
	
	

	Eng. Moustafa Abdel-Shafi Al-Sayed
	Administrative staff 
	Conducting training support services, secretarial, accounting and financial tasks

	Ms. Fatma Moahmed Fahmy Abd El Baky


	
	

	Mr. Mohamed Abdou Mohamed


	
	


Outline of the approach taken to develop EE Course

1. Design the lecture and prepare lecture notes and presentation materials.

2. Design exercises and case studies with worked examples and tutor Define the content and scope of the course.

3. Divide it into parts and lectures.

4. Decide the learning objectives for each lecture.

5. Develop the complete content of each lecture.

6. Support notes for each lecture.

7. Submit these to the project team and students to get their feedback.

8. Develop the final version of the material after enhancement and approval from the project team.
Evaluation System For the EE Training Program 
	Evaluation Form (EF) 
	Evaluators
	Frequency of filling the EF

	Course EF

Trainee EF

Project EF

Observer EF

Self/Peer Assessment Form

 Duration EF 
Seminar EF
	Trainees

Trainer

Observer

Coordinator

Supervisor
	Course/Module

Project

Program 

As Required


Criteria for trainee's selection in second training week and certificate delivery

1 – Attending the full module of first training week

2 – Getting high score in Trainee EF

3 – Submitting Trainer EF

4 – Submitting two reports: 

A- Module #1

B- Module #2

1.2 Importance of Engineering Economy
When engineers study engineering economy, many of them ask themselves, do I have to care about money matters? And their answer is; which is certainly wrong; no, all money matters will be handled by someone else.
In fact any engineering project must be physically and technically realizable but also it must be economically feasible, therefore economics weigh heavily in the design process. 

Engineering, without economy, makes no sense at all

In other words a successful design is the one that produces benefit and must sound technical.  

The Accreditation Board for Engineering and Technology (ABET) states that engineering " is the profession in which a knowledge of the mathematical and natural science gained by study, experience, and practice is applied with judgment to develop ways to utilize economically, the materials and forces of nature for the mankind " in the preceding definition the economical role of an engineer is emphasized as well as his technical role.
Engineering economics is a powerful tool for engineers in decision making and analysis of new and running projects. Sample question arising from various engineering related activities may be found in the following list. These questions may be solved only by learning how to use engineering-economy.

For Engineering Activities
· Should a new bonding technique be incorporated into manufacture of au​tomobile brake pads?
· If a computer-vision system replaces the human inspector in performing qual​ity tests on an automobile welding line, will operating costs decrease over a time horizon of 5 years?
· Is it an economically wise decision to upgrade the composite material pro​duction centre of an airplane factory in order to reduce costs by 20%?
· Should a highway bypass be constructed around a city of 25,000 people, or should the current roadway through the city be expanded?
· Will we make the required rate of return if we install the newly offered tech​nology onto our medical laser manufacturing line?
For Public Sector Projects and Government Agencies

· How much new tax revenue does the city need to generate to pay for an up​
grade to the electric distribution system?
· Do the benefits outweigh the costs of a bridge over the Intercostals waterway
at this point?
· Is it cost-effective for the government to cost-share with a contractor to construct a new toll road?
For Individuals

· What is graduate studies worth financially over my professional career?
· Are federal income tax deductions for my home mortgaging a good deal, or
should I accelerate my mortgage payments?
· Exactly what rate of return did we make on our stock investments?
· Should I buy or lease my next car, or keep the one I have now and pay off the
loan?
Example 1.1:

Two pilot engineers with a mechanical design company and a structural analysis firm
 work together. They have decided that, due to their joint and frequent commercial
 airline travel around the region, they should evaluate the purchase of a plane co-owned 
by the two companies. What are some of the economics-based questions the engineers 
should answer as they evaluate the alternatives to (1) co-own a plane or (2) continue to fly commercially?

Solution:


Some questions (and what is needed to respond) for each alternative are as follows:     

· How much will it cost each year? (Cost estimates are needed.)
· How do we pay for it? (A financing plan is needed.)
· Are there tax advantages? (Tax law and Tax rates are needed.)

· What is the basis for selecting an alternative? (A selection criterion is needed.)
· What is the expected rate of return? (Equations are needed.)

· What happens if we fly more or less than we estimate now? (Sensitivity analysis is needed.)

1.3 Definitions and Principles of Engineering Economy
Engineering Economy:

“It is a collection of mathematical techniques which simplify economic comparisons among alternatives”.

In this sense, engineering economy may be regarded as a decision – assistance tool by which one of the alternative methods will be chosen as the most economical one.

Engineering Economy is involved with formulation, estimation, and evaluation of Economic Outcomes between Possible Alternatives

Alternatives:

“An alternative is a stand-alone solution for a given situation”.

The engineer is always faced with alternatives in virtually all jobs he may be assigned to. Engineering economy provides him by a rational approach to select the best alternative. 

However, it is by no means a method of exclusively listing the alternatives. A successful engineering-economy analysis should only be expected if all the possible alternatives are identified. It is the responsibility of the engineer that all potential solutions are recognized as alternatives. Sample alternative development and analysis are shown in figure 1 below.
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Methods of Economic Selection


Figure 1: Methods of Economic Selection
Principle 1: Develop the alternative 

As engineering economy is defined as the mathematical technique to compare between alternatives, therefore alternatives should be developed. Alternatives should be identified and well defined in order to be able to compare between them.

Principle 2: Focus on the difference

Comparison between alternative is based only on the difference in the expected future outcomes, if all alternatives have the same future outcomes comparison is meaningless.

All common future outcomes could be eliminated from the analysis process

Principle 3: Use a consistent view point

All alternatives should be defined from one point of view (one perspective), which is usually the decision maker perspective.

It is preferred first that the perspective of a particular decision is defined, and then it could be used in the analysis and comparison of the alternatives.  

Principle 4: Use a common unit of measure

Using a common unit of measurement for the prospective outcomes simplifies the analysis and comparison process, as it makes the outcomes directly comparable.

In economic field it is preferred to use a monetary unit as Egyptian pounds (L.E.) as a unit of measure.

Principle 5: Consider all relevant criteria

The main criterion for selection between alternatives is the maximum return interest; however there are some objectives that you would like to achieve with your decision.

These objectives might not be expressed in monetary unit; it should be considered and given a weight in the decision process.

Examples for such objectives that could affect the decision are as moral, psychological or aesthetical objectives.

Principle 6: Make uncertainty explicit

For any project future outcomes estimation of different alternatives is accompanied with uncertainty.

This uncertainty should be stated explicitly and taken into consideration in the analysis and comparison process

Principle 7: Revisit your decision
Improving decision making requires comparison between the project initial outcomes and the actual results achieved.

Post-evaluation action points out the weakness in the estimation process and the engineering economy studied are done in order to enhance it in the future projects 

1.4 Engineering Economy and Design Process
Design process and engineering economy analysis procedures are based according to the engineering economy principles stated before. These procedures may be summarised as follows:

1. Problem definition (Principle 1)

2. Development of alternatives (Principle 1)

a) Classical brainstorming

b) Nominal group Techniques (NGT)

3. Development of Prospective outcomes (Principle 2,3 & 4)

4. Selection of decision criterion (Principle 3 & 5)

5. Analysis and comparison of Alternatives (Principle 6)

6. Selection of the preferred alternative 

7. Performance monitoring and post-evaluation of results(Principle 7)

Example 1.2:

Bad news: You have just wrecked your car! You need another car immediately because you have decided that walking, riding a bike, and taking a bus are not acceptable. An automobile wholesaler offers you 2000 m.u. for your wrecked car "as is." Also, your insurance company's claims adjuster estimates that there is 2000 m.u.  in damages to your car. Because you have collision insurance with a 1000 m.u.  deductibility provision, the insurance company mails you a check for 1000 m.u.. The odometer reading on your wrecked car is 58000 Km.

What should you do? Use the seven-step procedure from Table 1-1 to analyze your situation. Also, identify which principles accompany each step.

Solution:

Step 1 -Define the Problem

Your basic problem is that you need transportation. Further evaluation leads to the elimination of walking, riding a bicycle, and taking a bus as feasible alternatives.

Step 2-Develop Your Alternatives (Principle 1 is used here.)


Your problem has been reduced to either replacing or repairing your automo​bile. The alternatives would appear to be

1. Sell the wrecked car for 2000 m.u.  to the wholesaler and spend this money, the 1000 m.u.  insurance check, and all of your 7000 m.u.  savings account on a newer car. The total amount paid out of your savings account is 7000 m.u., and the car will have 28000 Km of prior use.

2. Spend the 1000 m.u.  insurance check and 1000 m.u.  of savings to fix the car. The total amount paid out of your savings is 1000 m.u., and the car will have 58000 Km of prior use.

3. Spend the 1000 m.u. insurance check and 1000m.u. of your savings to fix the car and then sell the car for 4500 m.u. . Spend the 4500 m.u. plus 5500 m.u.  of additional savings to buy the newer car. The total amount paid out of savings is 6500 m.u., and the car will have 28000 Km.

4. Give the car to a part-time mechanic, who will repair it for 1100 m.u. (1000 m.u.  insur​ance and 100 m.u.  of your savings), but will take an additional month of repair time. You will also have to rent a car for that time at 400 m.u./month (paid out of savings). The total amount paid out of savings is 500m.u., and the car will have 58000 Km on the odometer.

5. Same as Alternative 4, but you then sell the car for 4500 m.u. and use this money plus 5500 m.u. of additional savings to buy the newer car. The total amount paid out of savings is 6000m.u., and the newer car will have 28000 Km of prior use.

Assumptions:

1. The less reliable repair shop in Alternatives 4 and 5 will not take longer than an Additional month to repair the car.

2. Each car will perform at a satisfactory operating condition (as it was originally, intended) and will provide the same total mileage before being sold or salvaged. 

3. Interest earned on money remaining in savings is negligible.

Step 3-Estimate the Cash Flows for Each Alternative 
1. Alternative 1 varies from all others because the car is not to be repaired at all but merely sold. This eliminates the benefit of the 500 m.u.  increase in the value of the car when it is repaired and then sold. Also this alternative leaves no money in your savings account. There is a cash flow of -8000m.u. to gain a newer car valued at 10000 m.u.
2. Alternative 2 varies from Alternative 1 because it allows the old car to be re​paired. Alternative 2 differs from Alternatives 4 and 5 because it utilizes a more expensive (500 m.u. more) and less risky repair facility. It also varies from Alter​natives 3 and 5 because the car will be kept. The cash flow is -2000 m.u. and the repaired car can be sold for 4500 m.u.
3. Alternative 3 gains an additional 500 m.u.  by repairing the car and selling it to buy the same car as in Alternative 1. The cash flow is -7500 m.u.  to gain the newer car valued at 10000 m.u..

4. Alternative 4 uses the same idea as Alternative 2, but involves a less expensive repair shop. The repair shop is more risky in the quality of its end product, but will only cost 1100 m.u.  in repairs and 400 m.u.  in an additional month's rental of a car. The cash flow is -1500 m.u.  to keep the older car valued at 4500 m.u..

5. Alternative 5 is the same as Alternative 4, but gains an additional 500 m.u.  by selling the repaired car and purchasing a newer car as in Alternatives 1 and 3. The cash flow is -7000 m.u.  to obtain the newer car valued at 10000 m.u..

Step 4-Select a Criterion

It is very important to use a consistent viewpoint (Principle 3) and a common unit of measure (Principle 4) in performing this step. The viewpoint in this situation is yours (the owner of the wrecked car).

The value of the car to the owner is its market value (i.e., 10000 m.u. for the newer car and 4500 m.u. for, the repaired car). Hence, the is used as the consistent value against which everything is measured. This reduces all decisions to a quantitative level, which can then be reviewed later with qualitative factors that may carry their own value (e.g., how much is low mileage or a reliable repair shop worth?).

Step 5-Analyze and Compare the Alternatives

Make sure you consider all relevant criteria (Principle 5).

1. Alternative 1 is eliminated, because Alternative 3 gains the same end result and would also provide the car owner with 500m.u. more cash. This is experienced with no change in the risk to the owner. 

(Car value = 10000 m.u., savings = 0, total worth = 10000 m.u.)
.

2. Alternative 2 is a good alternative to consider, because it spends the least amount of cash, leaving 6000 m.u. in the bank. Alternative 2 provides the same end result as Alternative 4, but costs 500 more to repair. Therefore, Alternative 2 is elimi​nated. 

(Car value = 4500 m.u., savings = 6000 m.u., total worth = 10500 m.u.)

3. Alternative 3 is eliminated, because Alternative 5 also repairs the car but at a lower out-of-savings cost (500 m.u. difference), and both Alternatives 3 and 5 have the same end result of buying the newer car. 

(Car value = 10000 m.u., savings = 500 m.u., total worth = 10500 m.u..)

4. Alternative 4 is a good alternative, because it saves 500 m.u. by using a cheaper repair facility, provided that the risk of a poor repair job is judged to be small.

(Car value = 4500 m.u., savings = 6500 m.u., total worth = 11000 m.u.)

5. Alternative 5 repairs the car at a lower cost (500 m.u. cheaper) and eliminates the risk of breakdown by selling the car to someone else at an additional 500 m.u. gain.

(Car value = 10000 m.u., savings = 1000 m.u., total worth = 11000 m.u.)

Step 6-Select the Best Alternative

When performing this step of the procedure, you should make uncertainty ex​plicit    (Principle 6). Among the uncertainties that can be found in this problem, the following are the most relevant to the decision. If the original car is repaired and kept, there is a possibility that it would have a higher frequency of breakdowns (based on personal experience). If a cheaper repair facility is used, the chance of a later breakdown is even greater (based on personal experience). Buying a newer car will use up most of your savings. Also, the newer car purchased may be too ex​pensive, based on the additional price paid (which is at least 6000 m.u./30,000 miles =20 cents per Km). 

Finally, the newer car may also have been in an accident and could have a worse repair history than the presently owned car.

Based on the information in all previous steps, alternative 5 was, actually chosen.

Step 7-Monitor tile Performance of Your Choice

This step goes hand-in-hand with Principle 7 (revisit your decisions). The newer car turned out after being "test driven" for 20,000 Km to be a real beauty.

Mileage was great, and no repairs were needed. The systematic process of identi​fying and analyzing alternative solutions to this problem really paid off! [2]

1.5 Introduction to Spreadsheet applications

Most engineering economy problems are amenable to spreadsheet solution since:

· They consist of structured, repetitive calculations that can be expressed as formulas that rely on a few functional relationships.

· Problems are similar, but not identical.

· The parameters of the problem are subject to change.

· The results and the underlying calculations must be documented.

· Graphical output is often required, as well as control over the format of the graphs.

· The user desires control of the format and appearance of the output.

Spreadsheets allow the user to develop an application rapidly without getting in details of programming languages.  They relieve the user of the drudgery of number crunching, yet still focus on problem formulation.  Because of the inherent structure of the spreadsheet, problem formulation is often more thorough than the pencil and paper approach.  As a result, misconceptions by the user are often easier to detect.  Finally, the flexible nature of the spreadsheet makes it easy to correct the inevitable mistakes that occur during the learning process.

Differences between Spreadsheet and Hand Solutions
The answer will be the same with either approach, subject to rounding errors, with the spreadsheet being more accurate than the hand solution. With a spreadsheet, the primary focus is on the actual cash flows instead of the discount factors. The general approach to solving a problem with a spreadsheet consists of several basic steps:

· Plan the approach to the problem before sitting at the keyboard.  Cash flow diagrams or tables are useful.

· Enter the periodic cash flows, the interest rate (MARR) and any other pertinent information from the problem statement into separate cells of the spreadsheet.

· Determine and enter the necessary formulas (generally needed only for time period 1).

· Copy the formulas as required to all remaining time periods to complete the model.

· Use the appropriate formulas and functions to arrive at a measure of merit (PW, IRR, etc.).

· Verify the formulas and functions by using sample values (0 and 1 work well).  Values from solved examples can also be used.

· Document and save the spreadsheet template for future use.

Microsoft excel
Use of a spreadsheet similar to Microsoft’s Excel is fundamental to the analysis of engineering economy problems.

 All engineers are expected by training to know how to manipulate data, macros, and the various built-in functions common to spreadsheets.
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The rest of this section will be covered through interactive presentation on Microsoft Excel during the first training lecture.

Spreadsheets

Excel supports (among many others) many built-in functions to assist in time value of money analysis

 Master each on your own and set up a variety of the homework problems (on your own)

Terminology and Symbols:

At least 4 symbols: { P, F, A, i% and n }

(and G , E, SV, BV, MV, D, ….. )

Some Excel Financial Functions

To find the present value P: PV(i%, n, A, F) 

To find the present value P of any series: 

NPV (i%, second_cell, last_cell) + first_cell

 To find the future value F: FV (i%, n, A, P) 

 To find the equal, periodic value A: PMT (i%, n, P, F) 

Nesting of 1 function for the argument of another is allowed.

Financial Functions Trial and Error

To find the number of periods (n): 






NPER (i%, A, P, F) 

 To find the compound interest rate i: 





RATE (n, A, P, F) 

 To find the internal rate of return: 

IRR (first_ cell : last_ cell) 

Sensitivity analysis is easier, now
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