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Preface

The present volume consists of the basic material for the third Module of the VISION Project (TEMPUS PROJECT No PP-SCM-M003A04-2004). 

The objective of VISION Project is the 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 applications. 

The expected project outcomes are: 

· Knowledge Transfer between Egyptian and EU Staff

· Training of Post/Under Graduate Students and Teaching Assistants 

· Development of Modern Training Educational Material

· Establishment of Pilot Audio-Visual Digital Library and its accessories
More specifically, Module Three objectives are to consolidate knowledge and experience in: 

· the Investments Evaluation Criteria, 

· the Comparison and Suitability of Evaluation Criteria,

· the Replacement Analysis, 

· the difficulties and methods to deal with uncertainties

· the Development of a General Cost Benefit Model, and, especially, 

· to apply the Cost-Benefit Model for the Evaluation of a Wide Range of Energy and Environmental Projects of Special Interest to our trainees

Project Partners are: 

· the Faculty of Engineering, Cairo University, Egypt

· the Technological Educational Institute of Piraeus, Greece, 

· the University Federico II,  Naples,  Italy 

· the University of York, UK. 

The Technological Educational Institute of Piraeus has the responsibility for the third Module of VISION and, more specifically, the Laboratory of Soft Energy Applications and Environmental Protection (Prof. J. K. Kaldellis, website http://www.sealab.gr) and the Optimisation of Production Systems Laboratory (Prof. Emilia Kondili, http://ikaros.teipir.gr/mecheng/OPS) of the Mechanical Engineering Department.  The volume has been developed and edited by Prof. J. K. Kaldellis and Prof. Emilia Kondili

CHAPTER 1. Introduction – Evaluation Criteria

1.1 Module 3 Contents 

The Contents of Module 3 are the following: 
	Lecture 1: Investments Evaluation 

	· Introduction, Objectives and Structure of Module 3 

	· Presentation of TEI of Piraeus and of the Greek project team.

	· The need to evaluate investments

	· Overview of evaluation criteria (Payback Period, NPV, IRR)

	· Two Examples for the comparison of alternative evaluation criteria (EXCEL – WORD files)


	Lecture 2: The Cost – Benefit Model

	· Presentation of the basic theoretical model for investments evaluation (Cost – Benefit Model) 

	· Description of the model parameters.

	· Simple illustrative example (WORD-EXCEL) 


	Lecture 3:
Applications of the Cost-Benefit Model 

	· Application of the Cost-Benefit Model for Payback, Benefit/Cost ratio, NPV and IRR Analysis

	· Application of the CB model for the estimation of Production Cost (e.g. Energy, water, heat, etc.) 

	· Application example 


	Lecture 4: Uncertainties 

	· Sources of uncertainty and risk 

· Reflection of the uncertainty on economic analyses

· Quantitative tools to deal with uncertainty and risk 

· Application example


	Lecture 5: Replacement Analysis 

	· Replacement Reasons

· Methods of Profitability evaluation for replacements 

· Practical factors in replacement studies

· Examples  


	Lecture 6: CASE STUDIES – 1  

	· Application of the Payback Method (Wind Farm Investment Evaluation) 

	· Critical Factors in Cash-Flow Estimation 

	· Estimation of the Optimal point to start an energy investment

· Case Study 


	Lecture 7: CASE STUDIES – 2 

	· NPV and IRR Analysis Applications 

	· Case Study: Evaluation of a Hydro Power Station

	· Effect of environmental parameters on the possibility of an energy investment implementation

	· Comparative assessment of a Nuclear and a RES-based power station


	Lecture 8: CASE STUDIES – 3 Production Costs Estimation 

	· Production Costs Estimation (Case 1: Heat Production cost for solar collectors; 

	· Case 2: Water production costs from a cogeneration station)

	· Closing session: Conclusions and Highlights of Module 3


1.2 Greek Project Team 

Prof. Emilia Kondili, Chemical Engineer, Optimisation of Production Systems Laboratory

· Educational and Research Interests in the field of Optimisation of Energy and Environmental Production Systems 

· Courses being offered: 

· Production Management, 

· Project Management, 

· Engineering Economics, 

· Operations Research, 

· Waste Management 

 Research Interests / Activities  

· Optimisation of Production Systems with the use of Operations Research (Mathematical Programming) Tools.

· New technologies and tools for Production Management 

· Implementation of optimization tools in energy and environmental systems. 

· Water Resources Management with the Use of Optimisation Tools
Prof. J. K. Kaldellis, Mechanical Engineer 

Mr. K. Kavadias

Mr. C. Chalvatzis 

Soft Energy Applications and Environmental Protection Lab. 

· Courses being offered: 

· Introduction to Renewable Energy Sources   

· Lab of Renewable Energy Sources    

· Applications of Renewable Energy Sources   

· Energy Engineering & Management of Natural Resources  

· Environment & Industrial Development

· Basic Principles of Ecology

· Air Pollution – Pollution Prevention Technologies

· Environmental Measurements Technology

· Waste Management Systems

· Design & Optimisation of Energy Systems

· Environmental Measurements Technology
The Lab is currently active in the following research areas: 

· Improving the Hybrid Power Stations Viability for the Region of Aegean Archipelago 

· Estimation of Social - Environmental Cost in the Energy Production Sector

· Technological Progress in Wind Energy - Solar Energy Market

· Flow Field Prediction for High Speed Turbomachines 

· Social Attitude Towards Wind Energy Applications in Greece 

· Combined Wind-Photovoltaic Stand-Alone Applications

· Evaluation of Energy Storage Systems

· Air Pollution Analysis 

· Air Pollution Impact on Children and other Delicate Social Groups 

· Autocats Standardization and Recycling 

· RES Based Desalination

· Waste Management and Recycling Techniques

· Waste Water Treatment Applications 
1.3 Investment Evaluation
The main objectives of the Investment Evaluation are: 

· To evaluate the profitability of an investment, or 

· To compare mutually exclusive alternatives and select the most economical, or 

· To compare alternative and not mutually exclusive investments and rank them according to their profitability. 

The most widely used Evaluation Criteria are the following: 

· Payback Period 

· Net Present Value 

· Internal Rate of Return

· Benefit / Cost Ratio 

1.4 Payback Period 
The Payback Period expresses the minimum length of time that is necessary to recover the original fixed capital investment in the form of cash flow from the project 

PBP = Depreciable Fixed Investment/ Average Annual Cash Flow

· This Criterion does not do any weighting of earlier vs. later cash flows neither considers the project earnings after the initial investment has been recovered. 

· Consequently, the Payback Period does not take into account the time value of money. 

· It is suitable only for rough calculations
A more elaborate version of the Payback Period Criterion is the following: 

PBP including interest  = (Depreciable Fixed Investment + interest on total capital investment during estimated service life)/ (Average Annual Profit + average annual depreciation)

This method increases the PBP found with no interest.

1.5 Net Present Value 

The Net Present Value of an investment is calculated as follows: 
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The Net Present Value is calculated with the following formula: 

where 

· Fj is the annual cash flow of the investment, 

· i is the interest 

· I0 is the initial investment

· And n  is the life time of the investment 

· If projects are mutually exclusive, the one with the highest NPV must be selected.

· If multiple projects are feasible, we rank them according to NPV and select the top ones first.

In order to calculate the NPV, the following issues must be taken into account: 

· The interest reflects the minimum accepted rate of return of the investment.  

· The expected cash flows for the project need to be determined, that may be different for each year. 

· NPV Rule: NPV > 0 indicates that the investment has an annual rate of return greater that the minimum acceptable. 
Reject the project if its NPV < 0
· NPV is a magnitude easy to compute and it works with all cash flow patterns. 

· It gives correct ranking in most project evaluations. 

However 

· The size of NPV for a single investment sometimes fails to indicate relative profitability 

1.6 Internal Rate of Return (IRR)  
The Internal Rate of Return is the interest rate that makes the NPV = 0, i.e. it is the break-even interest rate. 

· It is a familiar and easy to understand concept

· It treats variable cash flows, but 

· It requires trial and error calculations 

1.7 Example I

Two investments need to be evaluated with the NPV and IRR Criteria. Their data are shown in the Table I below (all numbers in Euros). 

Table I : Data of Example I 

	
	INVESTMENT A

	INVESTMENT B

	Initial Investment
	75,000
	105,000

	Annual Revenue
	16,000
	22,000

	Annual Cost
	3,000
	5,000

	Residual Value
	10,000
	15,000

	Life Time
	10
	10


Using the EXCEL functions of NPV (with an interest rate i  = 0,12) and IRR the results are: 

	

	INVESTMENT A
	INVESTMENT B

	NPV
	16.627,95
	21.548,671

	IRR
	0,18
	0,17


NOTE: In case the two criteria of NPV and IRR give contradicting results, the experience has proved that the NPV criterion is more reliable. 

1.8 Example II 
An energy intensive industrial unit intends to install a Natural Gas based cogeneration unit for energy conservation purposes. To that effect, two alternative proposals are examined, their data being presented in Table II. The investments must be depreciated within their lifetime, which is 10 years. Taxation is 40% on the profits. Determine the annual energy conservation of each investment that will result in an IRR of 12%.
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TABLE II: Data for Example II
SOLUTION

Since the required IRR of the investment is 12%, the following relationship must hold for both investments: 
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Therefore, 

for Investment 1, Fj(1)  =   159.280     and 

for Investment 2 , Fj(2) =  230.080      

This annual cashflow is 

Fj = Income – Energy Cost – Taxes  

For an energy conservation investment, the income is exactly the benefits from the energy conservation and it is the magnitude that needs to be calculated in this problem. 

The Energy Cost is the sum of the Fuel Cost + the Maintenance Cost. 

Therefore, the Energy Cost (1) = 140.000 

Energy Cost(2) = 240.000 

Taxes are calculated as 40% of the profits, after depreciation. 

The annual depreciation of each investment is calculated as the I0/n. 

Therefore, taxes for Investment 1 are 0,4*[Energy Conservation(1)–140.000 –90.000] = 0,4*[Energy Conservation(1) – 230.000] =   0,4*Energy Conservation(1) – 92.000

Taxes for Investment 2 are 0,4*[Energy Conservation(2)–240.000 –130.000] = 0,4*[Energy Conservation(1) – 370.000] =   0,4*Energy Conservation(2) – 148.000

Therefore, 

Fj (1) = Energy Conservation(1)–140.000-0,4*Energy Conservation(1) – 92.000= 0,6*Energy Conservation(1) – 48.000 

Fj (2) = Energy Conservation(2)–240.000-0,4*Energy Conservation(2) – 148.000 = 0,6*Energy Conservation(2) – 92.000 

Taking into account the values of the Cash Flows Fj that have been calculated above, we find 

Energy Conservation(1) = 345.467

Energy Conservation(2) = 536.800 
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