CE SYSTEMS Course Handout

Fall 2001


EconomiC Analysis
1.1 Introduction (3.1 – 3.4)

The economic analysis methods we learn in this class are primarily concerned with comparing two or more alternative engineering projects. This entails finding a way to fairly compare money spent or earned at different times. 

Here is a very simple example that illustrates the time-value of money.  Your rich uncle offers to give you $100 now (Option 1) or $150 five years from now (Option 2). If you are not in desperate need of the $100 immediately, what is the best long-term course of action? One way to compare your options is to determine their value to you at some common point in time. For example, you could compare their worth five years from now. How much will the $100 be worth at the end of 5 years? You’ll need to predict how much you could make by investing the money. Let’s assume you can make 10 % interest each year, paid at the end of each year. The $100 will be worth


$100 x (1 + 0.10) x (1 + 0.10) x (1 + 0.10) x (1 + 0.10) x (1 + 0.10) = $100 (1.1)5 = $162.

This is a future worth of the $100. Because $162 > $150, Option 1 is preferred.

Another way to compare your options is to evaluate their worth to you right now. In this case, Option 1 is worth $100. But, what is Option 2 worth? The important question is how much money do I need to invest right now to have $150 at the end of 5 years? If we again assume that we can make 10 % interest each year, the mathematical equation is


X (1 + 0.1)5 = 150 or X = 150 / (1.1)5 = 150 (1.1)-5 = $93

This is the present worth of the $150. What would you rather have right now, $100 or $93? As expected, Option 1 is preferred.

This example illustrates the time-value of money based on interest. Because money can “work” for us, providing us interest, we prefer to have a given amount of money now rather than later. If we are going to lose the use of the $100 for five years, we will want at least $163 at the end of the five-year period, if a 10% interest rate is reasonable.

In the next section, you will learn some basic methods for calculating the worth of money at different times, based on the interest rate. In section 2.3 you will learn a number of ways to compare projects, based on interest rate and cash flow.

1.2 Basic Economics (3.5 – 3.8)

1.2.1 Cash Flow

It is often useful to formally show when receipts and disbursements of money will occur for a project. This can be done with a cash flow table or cash flow diagram. Table 1-1 is a cash flow table. The year is given in the first column. Receipts are given in the second column as positive values, disbursements as negative values. For example, a net disbursement of $15,000 occurs at the end of year zero (the beginning of year 1) and a net receipt of $5,000 occurs at the end of years 2, 3 and 4. Another net receipt occurs at the end of year 4 ($7,000). The disbursement is the investment; the receipts are the net revenues from the investment.

Table 1-1: Cash Flow Table

	End of Year
	Receipts / Disbursements

	0
	-$15,000

	1
	$5,000

	2
	$5,000

	3
	$5,000

	4
	$7,000


The corresponding cash flow diagram is given in Figure 1-1. Upward pointing arrows are receipts; downward pointing arrows are disbursements. The time-period is shown on the horizontal line. Cash flow tables and diagrams are a concise way to describe the economic aspects of a project. Note: only one amount is shown in each year, the net amount received or disbursed.


Both the cash flow table and diagram shown here include typical cash flows, i.e., a large disbursement at time zero (initial investment, construction costs, etc.), a series of payments over a number of years consisting of the sum of all receipts and disbursement (revenues minus operation and maintenance costs), with the cash flow in the last year also including salvage value. Salvage value is the value of any equipment or facilities that can be sold at the end of the project. Many projects will last over several lifetimes of equipment. For example, a compost facility might be planned for 50 years. The lifetime of a tub-grinder (used to shred yard waste before composting) may be 10 years. In this case, the salvage value of the old tub grinder and the cost of the new one will be included in the cash flow diagram at ten-year intervals. 

Of course, some cash flow tables/diagrams use periods other than years. For example, a cash flow table/diagram for a mortgage might use months.

1.2.2 Present and Future Worth

We calculated present and future worth in the simple example given in section 1.1.  Present Worth is the value of money now (or some early time arbitrarily considered the present, e.g., the beginning of a project). In the “Uncle” example, we determined that the present worth of $150 received five years from now is $93 (at 10% interest). Of course, the present worth of $100 now was $100. Future Worth is the value of money received or spent in the future. In the “Uncle” example, we determined that the future worth (at the end of five years) of “$100 now” was $162 (at 10% interest). Note: the worth of money depends on the interest rate, when the money is disbursed or received, and when its worth is considered.

The formulas relating Present (P) and Future (F) Worth are shown below, where i = the interest rate (as a fraction) for a given compound interest time period, and n = the number of compounding periods between the present and future worth. Interest is applied once per compounding period. Usually, n will be in years.


F = P(F/P,i,n) = (1 + i)n 
(1-1)


P = F(P/F,i,n) = F (1 + i)-n 
(1-2)

(F/P,i,n) and (P/F,i,n) are interest factors used to convert between present and future worth, for a given i and n. Note: the amounts F and P are equivalent in the sense that, if the interest rate used is correct, P dollars invested for n compounding periods at i interest rate will become F dollars. There are a number of other interest factors; some are described later in this document. Interest factors are often given in tables in the Appendices of economics textbooks, for various interest rates and compounding periods. When working economic problems by hand, first write the problem using interest factors.

Unless specifically indicated otherwise, it is best to assume that a given interest rate is compounded yearly, called an effective interest rate. However, interest rates can be nominal or effective, and can be for periods other than a year. For example, an interest rate described as “8 % compounded quarterly” means an investor earns 2 % interest every three months. The 8 % (nominal) rate is divided by the number of compounding periods in a year (in this case 4). The effective interest rate will be slightly higher than 8 %, as it must provide the same return when compounded yearly. This can be calculated as
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Where iy = the effective interest rate, is = the effective subperiod interest rate (which equals the nominal interest rate divided by m), and m = number of compounding periods in a year. Thus, the effective interest rate of 8% compounded quarterly is 


[1 + (0.08/4)]4 - 1 = 0.0824 = 8.24%

Either interest rate can be used to calculate present or future worth. What is the future worth of $100 after 6 years at 8% compounded quarterly? Using the nominal interest rate, one has a 2% interest rate compounded over 24 quarters (4 compounding periods each year for 6 years).


F = 100(1 + 0.02)24 =  $161

Using the effective interest rate, one has an 8.24% interest rate compounded over 6 years (1 compounding period each year for 6 years).


F = 100(1 + 0.0824)6 = $161

As expected, the same future worth is calculated.

1.2.3 Standard Cash Flow Series Interest Factors

One can determine the present or future worth of complex projects by applying equations 1-1 and 1-2 to each payment (receipts or disbursements). However, many projects involve similar series of payments; thus, interest factors have been developed for a number of typical types of payment series, including: uniform, gradient, and geometric (Table 1-2). A uniform series consists of a series of uniform (equal) payments, all occurring at the end of compounding periods 1 to n. An arithmetic gradient series consists of a payment of 0 at the end of the first compounding period, a payment of G in the second, a payment of 2G in the third, and so on until a payment of (n-1)G occurs in compounding period n. A geometric gradient series consists of payments Aj at the end of each compounding period j, where Aj = A1(1+g)j-1 and j = 1 to n (g is the growth rate of the payments, as a fraction). The equations shown in Table 1-2 take a series of payments and convert them to a single, equivalent, present or future payment (or vice versa). One can solve some of the equations for the payment series, A, G, or A1 as a function of P or F. To calculate the future worth of Arithmetic or Gradient Series, simply calculate the present worth; then use equation 2-1 to calculate F. Of course, the use of spreadsheets has made these formulas less necessary. However, as already mentioned, it is best to first write down simple economic problems in terms of interest factors. Furthermore, tables of interest factors are still given with some tests.

Many payment series encountered in practice can be separated into two or more of the series described in Table 1-2. For example, combining the uniform and gradient series can be used to convert a series of payments that consists of a B payment at the end of the first period, a B+G payment at the end of the second, continuing to a B+(n-1)G payment at then end of period n. 

Table 1-2: Uniform, Arithmetic, and Gradient Series

	Diagram
	Equation 
	Symbolic Forms
	Name
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	P = A(P/A,i,n)

A = P(A/P,i,n)

(use inverse of equation)


	Present Worth Factor 

Capital Recovery factor
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	F = A(F/A,i,n)

A = F(A/F,i,n)

(use inverse of equation)
	Compound Amount factor 

Sinking Fund Factor
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	P = G(P/G,i,n)


	Arithmetic Gradient Series Present Worth Factor
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	P = A1(P/A1,g,i,n)


	Geometric Gradient Series Present Worth Factor




Note: Equations for A, G, etc. are easily developed from the equations given in the Table.

1.2.4 Capitalized Cost

Certain facilities must be provided essentially forever, e.g., dams, highways, water distribution systems, etc. One can imagine setting aside an initial amount of money to (a) pay for construction and (b) create enough money annually (through interest on principal) to pay for perpetual operation, maintenance and replacement. This amount is known as the capitalized cost of a project. If P = the capitalized cost, A = the annual amount needed for perpetual operation, maintenance and replacement, and C = the capital costs, then


P = C + A/i
(1-4).

1.3 Economic Evaluation (3.9 – 3.17)

Using the equations given in section 1.2, one can calculate the present or future worth of costs and benefits associated with any project. Alternatively, one can convert a present or future worth into an equivalent uniform payment series. How can this help us decide which project, from a group of alternatives, is the best project based on economic criteria? In this section, we explore five different methods for explicitly comparing the economic return of alternative projects: present worth, annual cash flow, rate of return, benefit-cost ratio, and payback period. The first two can be used to identify projects that maximize net benefits. The last three can be used to identify maximum net benefit only when applied incrementally; this is not covered in this course.

Civil Engineers design facilities for private and public clients. Clients want the benefits associated with a project to outweigh the costs; in fact, they generally want to maximize net benefits. Net Benefits are Total Benefits minus Total Costs. 

For example, an engineer working in the solid waste management field might design a county transfer station (to transfer waste from collection vehicles to long-distance transport vehicles). The county will probably want the engineer to design and cost several options. The county will select the alternative that provides the greatest net benefit, given some constraints on allowable costs and required performance. If all of the alternatives provide the same benefit, the least cost option will be the option with the greatest net benefit. 

Calculating the present worth (benefits minus costs, in present dollars) of each alternative involves converting all the costs and benefits associated with each alternative to their present worth. The alternative with the maximum present worth net benefit is the best economic alternative. Alternatively, costs and benefits can be converted into an equivalent series of uniform annual payments (annual cash flow method). In this case, the project with the highest annual net benefit is best. For some projects, only costs are considered. For example, this can be the case with government projects where monetary revenues are not generated by the project under consideration. In such cases, the project with the smallest present worth costs or uniform annual costs is best, assuming that all of the projects generate the same amount of (non-monetary) benefit.

The internal rate of return, i*, of a project is the interest rate that gives a zero present worth net benefit (the present worth of the costs equals the present worth of the benefits at i*). In other words, i* is the interest rate achieved by a given project. In the cost-benefit ratio method, the ratio of benefits to costs is calculated. The payback period method involves calculating the number of years before an investment breaks even. Again, unless applied incrementally, the internal rate of return, cost-benefit ratio, and payback period methods do not identify the project producing maximum net benefit.

1.3.1 Present Worth Analysis
In a present worth analysis, one first converts the costs and benefits associated with each alternative to their present worth (PWC and PWB, respectively). One then calculates the present worth net benefit (PWNB) for each alternative as


PWNB = PWB – PWC
(1-5).

The project with maximum PWNB is best. In the present worth, annual cash flow, benefit-cost ratio, and payback period methods, one must have a reasonable estimate of the minimum acceptable interest rate, i.e., the interest rate one expects to obtain or exceed with any investment.

One must take care to ensure that the analysis periods for the alternatives in a present worth evaluation are the same. Otherwise, alternatives will not provide the same number of years of service, and a direct comparison will be inappropriate. For example, if you analyze two transfer stations, one designed to last 10 years and the other 15, one must consider design life in the economic evaluation. Two ways to handle this are given below. 

A. Use the least common multiple of the useful lifetimes of the alternatives. Be sure to include the salvage value of any equipment or facilities at the end of each lifetime. For the transfer station example, use thirty years. This means that the alternatives will pass through three and two lifetimes, respectively. One must consider salvage costs at ten, twenty, and thirty years, and fifteen and thirty years for the two alternatives. One must also consider equipment replacement costs at ten and twenty years, and fifteen years for the two alternatives, respectively.

B. Use a fixed period for all alternatives, applying the market value of equipment and facilities at the end of the analysis period. For example, you could analysis each transfer station for 10 years, applying the market value of all equipment and facilities at ten years.

1.3.2 Annual Cash Flow Analysis

The annual cash flow analysis is similar to the present worth analysis. One first converts the costs and benefits associated with each alternative to their equivalent uniform annual worth (EUAC and EUAB, respectively). This is done using the uniform series interest factor. The equivalent uniform annual net benefit (EUANB) is calculated as

EUANB = EUAB – EUAC
(1-6).

Select the alternative with the maximum EUANB. NOTE: EUANB is sometimes shortened to ANB (Annual Net Benefit).

One benefit of using the annual cash flow analysis is its ability to handle alternatives with different lifetimes conveniently. Simply analyze each alternative over its lifetime, determine its EUANB, and compare.

1.3.3 Rate of Return Analysis

The internal rate of return (IRR or i*) is the interest rate that will give PWNB or EUANB equal to zero. In other words, it is the actual interest rate achieved by a project. The higher i*, the more benefit a project achieves relative to costs. NOTE: in present worth, annual cash flow, benefit-cost ratio, and payback period analyses, we used i (not i*), where i is equivalent to MARR, the minimum acceptable rate of return for the type of project under consideration. 

To calculate i*, write down the equations for PWB and PWC (or EUAB and EAUC) for a given project with i left as a variable, set them equal to each other, and solve for i. The answer will be i*. This can be accomplished using mathematical software (including Excel), trial and error using a calculator or an interest table, or graphically. Certain software will solve many types of mathematical equations for you, including internal rate of return equations. Trial and error solutions involve trying different i*s, until you find the one that given zero PWNB or zero EUANB. Graphical solutions involve plotting the PWNB versus i*, and identifying the point at which PWNB becomes zero.

Any project for which i* is less than MARR, is unacceptable, because a larger rate of return can be achieved by some other investment. However, the project with the largest i* (over MARR) will not always provide the maximum net benefit, primarily due to differences in the amount of money invested; i.e., a project with a lower i*, but larger initial investment, can create more net benefit. 

1.3.4 Benefit-Cost Ratio

The benefit-cost ratio, B-C ratio, is just what it sounds like.

B-C ratio = 
[image: image7.wmf]EUAC

EUAB

PWC

PWB

=


(1-7)

The ratio is often used for water resource projects, such as reservoirs and navigational improvements. First, the monetary values of all benefits are estimated. Next, costs are estimated. Benefits may include everything from avoided flood damage to recreational value from boating. Ratios above 1 indicate that the project’s benefits outweigh its costs. Ratios below 1 indicate that a project should not be built. It may be difficult to assign monetary values to intangibles, such as the enjoyment of boating and fishing. Uncertainties associated with estimating economic costs can cast doubt on the results of any economic analysis.

The alternative with the highest B-C ratio will not always be the one that maximizes net benefit. An incremental B-C ratio method can be used to identify the maximum net benefit alternative; however, we will not learn it in this class. 

Some criticize the B-C ratio because the exact ratio obtained for a given economic analysis will depend on how one treats costs and benefits. For example, treating some benefits as negative costs (e.g., salvage costs) will change the B-C ratio. Furthermore, combining costs and benefits for each year before converting to a PW benefit (or cost) will produce a different B-C ratio than directly converting all benefits and costs to PW. However, no matter what method is used to evaluate costs and benefits, a B-C ratio over 1 means that benefits outweighs costs. Furthermore, as long as each alternative is treated similarly, the incremental B-C ratio method will identify the alternative with the maximum net benefit.

1.3.5 Payback period

For many projects, the client will be interested in the payback period, the time at which a project realized a positive net benefit. The payback period can be determined undiscounted or discounted. Undiscounted payback does not incorporate the effect of interest rates, discounted payback does. In other words, the discounted payback period takes into account the “time value” of money. 

Undiscounted:  You conduct a waste minimization audit for a client and identify an opportunity to replace an old machine with a newer one that uses less energy and produces less waste. The new equipment will cost $48,000 dollars, but will save $12,000 per year in reduced energy and waste disposal costs. The machine is expected to last 7 years, with zero salvage value at the end of it life. All other costs are the same (whether you purchase the machine or not). Using a cash flow table, one can easily determine the payback period for this investment. A third column is added to the typical cash flow table. The cumulative cash flow column is used to show the total cash flow since the beginning of the project. The undiscounted payback occurs in the year the cumulative cash flow becomes positive. The example is given in Table 1-3.

Table 1-3: Undiscounted Payback Period Example

	End of Year
	Net Cash Flow
	Cumulative Cash Flow

	0
	-$48,000
	-$48,000

	1
	$12,000
	-$37,000

	2
	$12,000
	-$26,000

	3
	$12,000
	-$15,000

	4
	$12,000
	-$4,000

	5
	$12,000
	$7,000

	6
	$12,000
	$18,000

	7
	$12,000
	$30,000


As is shown in the Table, the payback will occur during year 5. To determine it exactly (assuming costs occur evenly throughout the year), use the following equation.
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Where N* = the exact payback period, PP = the period during which payback occurs, CF = the cumulative cash flow for a given period. Thus CFPP-1 is the cumulative cash flow at the end of the period before payback and CFPP is the cumulative cash flow at the end of the period of payback. Using this equation, the payback period is determined to be 4.36 years. Thus, you can tell your client that the new equipment will pay for itself in 4.36 years. However, calculating an exact payback period is generally unwarranted, due to data uncertainty. In this class, we will only calculate the payback year, not the exact payback period.

The steps to estimate an undiscounted payback period are as follows.

1. Create a cash flow table for the project.

2. Determine the cumulative cash flow for each period.

3. Identify the period (if there is one) during which the cumulative cash flow becomes positive.

Discounted: A discounted payback period incorporates the time value of money. Otherwise, it is the same as an undiscounted payback period, identifying the time required for an investment to payback its cost.

The steps to estimate a discounted payback period are as follows.

1. Create a cash flow table for the project.

2. Estimate the present worth of the cash flow for each period.

3. Determine the cumulative present worth cash flow for each period.

4. Identify the period (if there is one) during which the cumulative cash flow becomes positive.

An example is given in Table 1-4. The payback period is exactly 4 years.

Table 1-4: Discounted Payback Period Example

	End of Year
	Cash Flow
	Present Worth Cash Flow

(i = 15%)
	Cumulative Present Worth Cash Flow

	0
	-$1,000
	-$1,000
	-$1,000

	1
	900
	$783
	-$217

	2
	50
	$38
	-$179

	3
	50
	$33
	-$146

	4
	255
	$146
	$0

	5
	100
	$50
	$50


(From “Engineering Economy”, by Fleischer)

Obviously, the discounted payback period provides a better estimate of the true payback period. Especially when evaluating improvements in existing facilities, managers are often interested in determining how long it will take a given improvement to save sufficient money to pay for itself. However, it must be noted that neither the undiscounted or discounted payback period can be used to identify the alternative with maximum net benefit. In other words, the alternative with the shortest payback period may not generate the maximum net benefit. Perhaps the simplest demonstration of this involves salvage value. Coming at the end of a project, salvage value may simultaneously have no effect on payback period and a tremendous effect on maximum net benefit.

1.4 Taxes, Depreciation, and Inflation (3.18)

So far we have used i, the interest rate one expects to achieve in a reasonable investment, to complete most economic analyses.  We have ignored (and will continue to ignore in problem solving) taxes, depreciation, and inflation. However, we should have some idea of what each is and how they can effect economic analyses. 

1.4.1 Taxes

We all know what a tax is. Obviously, taxes will affect the cash flow for many projects. Furthermore, the tax code contains many different tax rates. Thus, different tax rates may apply to the alternatives under consideration, differentially affecting their net benefits.

1.4.2 Depreciation

Depreciation is linked directly to taxes. The government allows businesses (and citizens) to systematically deduct the value of property purchased for business purposes from their income over a period of years, thus reducing their income tax. Property can be equipment, machinery, computers, buildings, etc. For example, the cost of purchasing a new front-end loader can be counted as negative income over a number of years. There are numerous ways to depreciate property. Perhaps the simplest to understand is straight-line depreciation, in which a constant amount is depreciated each year such that only the salvage value is left at the end of the property’s lifetime.
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where SLDt = the straight line depreciation taken at the end of year t, N = the life of the property, P = initial value of the property, and S = Salvage value. Other methods of depreciation include sum-of-year’s-digits, declining balance, and modified accelerated cost recovery.

1.4.3 Inflation

Inflation is the situation where prices increase over time. Inflation is the common situation in world markets. For example, what cost $4 a decade ago might cost $8 today. Deflation is much more rare, but describes a situation where prices decrease. The interest rate, i, describes the time-dependent earning power of money. The inflation rate, f, describes the time-dependent purchasing power of money.

At this point it is important to define actual versus real dollars. Actual Dollars are what we ordinarily think of as money. This is the money we keep in our wallets and purses. If inflation occurs, one actual dollar will purchase less next year, as compared to now. The purchasing value of actual money changes according to the effect of inflation (or deflation).

Real Dollars are related to some constant purchasing power “base” year. Thus, if 1990 is our base year, 1990-based dollars will purchase the same amount in 1990, 1999, or 2006. If one has actual dollars in 1990 and wants to determine the real 1980-based value (or 1995) one uses the inflation rate between the two times to determine the real value. For example, if the inflation rate, f, between 1980 and 1995 is 2%, 1000 actual dollars in 1990 have the following real values:

(a) In 1980-based dollars: $1000 (1 + 0.02)-10 = $820.

(b) In 1990-based dollars: $1000

(c) In 1995-based dollars: $1000 (1 + 0.02)5 =  $1104.

This indicates that 1000 actual dollars in 1990 would purchase as much as 820 actual dollars in 1980 and $1104 actual dollars in 1995. 

Another example might help. Assume the market interest rate, i, is 8% and the inflation rate, f, is 3%. You have $100 at the end of 1990. (a) How much actual money do you have in 1990? How much real money (based on 1990 dollars)? (b) If you keep the money in your piggy bank (no interest) until the end of 2000, how much actual money will you have? How much real money (based on 1990 dollars)? (c) If you invest the money at 8%, how much actual money will you have at the end of 2000? How much real money (based on 1990 dollars)?

(a) 
Actual dollars = $100; Real dollars (based on 1990) = $100.

(b)
Actual dollars = $100; Real dollars (based on 1990) = $100 (1 + 0.03)-10 = $74.

(c)
Actual dollars = $100 (1 + 0.08)10 = $216; 


Real dollars (based on 1990) = $216 (1 + 0.03)-10 = $161.

The real interest rate, i’, accounts for the effect of inflation. Sometimes i’ is called the inflation-free interest rate. The real interest rate is sometimes called the discount rate, d. The relationship between i, i’, and f is given below, in two forms.
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The real interest rate can be used to directly solve the second half of part (c) of our example.

(c) Real interest rate = (1.08/1.03) - 1 = 0.0485; 

     Real dollars (based on 1990)  = $100 (1 + 0.0485)10 = $161;

You shouldn’t mix actual and real dollars in economic evaluations. Use one or the other. If some of your numbers are actual and some are real, convert them all into one type of money. For economic analyses using actual money, use the market interest rate, i. This is the same interest rate we have been using so far, i.e., the interest rate one would obtain from a bank or other secure investment.  If you are working with real money, use the real interest rate, i’, which accounts for inflation. 

Usually, engineering economic analyses are conducted using actual money and the interest rate, i. However, in some cases, inflation cannot be applied evenly throughout the market. For example, in the 1980’s waste disposal costs increased at a much higher rate than average inflation. In this case, one may wish to account for the differential increase in certain costs. In other cases, there may be reason to expect different inflation rates in different periods. Either case can be handled by (1) using real money and the real interest rate, i’; or (2) using i’ to convert real dollars to actual. 

1.5 Summary and Some Final Thoughts

We have just touched the tip of the economic evaluation iceburg. However, you’ve been introduced to a number of important equations, concepts, and methods. You’ve learned the basic equations for calculating future and present worth. You’ve also learned two methods for identifying which alternative generates the maximum net benefit. Finally, you've learned how to calculate an internal rate of return, a benefit-cost ratio, and a payback period. The skills introduced here should prove useful in evaluating small and large economic projects. For example, in your senior design class you may be expected to evaluate several alternatives for a real-world engineering project. A present worth or annual net benefit analysis will certainly be warranted.

The evaluation of most engineering projects cannot be based on economics alone. Other factors that must be considered include environmental and social impacts. Thus, non-economic evaluation methods must also be used. However, economic analyses are a crucial component of any evaluation.

1.6 Quiz List

1. What is a Cash Flow Table and Diagram?

2. What is Present Worth? Future Worth?

3. What are the Nominal and Effective Interest Rate?

4. What is a Uniform series? Arithmetic Gradient series? Geometric Gradient series?

5. How does one use the equations relating F, P, A, G, and A1?

6. How is present worth analysis used to identify the alternative with the maximum net benefit?

7. What is required to compare projects with different life-time using present worth analysis?

8. How is annual cash flow analysis used to identify the alternative with the maximum net benefit?

9. What is required to compare projects with different life-time using annual cash flow analysis?

10. What is i*? MARR?

11. What is the benefit-cost ratio? Which is best, a ratio above or below 1?

12. What is a payback period?

13. What is the difference between an undiscounted and a discounted payback period?

14. What are taxes, depreciation, and inflation?

15. What are actual dollars? real dollars?

16. How is the market interest rate different from the real interest rate?

1.7 What will we do in class?

We will work examples identify the alternative with maximum net benefit and we will calculate i*,  the benefit-cost ratio and the payback period. We’ll use Excel to complete some problems.
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Figure 1-1: Cash Flow Diagram
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