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Preface

This book is an accompanying materials for the course ISE 307, Engineering
Economic Analysis, offered in Term 253 (Summer) 2026, by the Industrial & Sys-
tems Engineering Department at King Fahd University of Petroleum & Minerals
(KFUPM), Saudi Arabia. It has grown into a handbook of modern engineering
economic analysis, organized in six parts. Part I builds the foundations: the
nature of an engineering economic decision, the time value of money, money
management (nominal and effective rates, loans, and financing), and inflation.
Part II evaluates alternatives: present worth, annual equivalence, rate of return
with incremental comparison, and benefit—cost analysis for public projects. Part III
builds real cash flows: cost estimation from engineering data, depreciation and
income taxes, and the full project cash-flow statement. Part IV treats risk and
flexibility: sensitivity and scenarios, decision trees and the value of information,
Monte Carlo simulation, and real options. Part V follows assets over their lives:
replacement decisions and sustainability economics. Part VI closes with decision
quality in practice: multi-criteria decision analysis, the economics of automation
and Al behavioral pitfalls and forecasting discipline, and a software-and-tools
chapter that maps every method in the book to its spreadsheet function. Seven
companion Excel workbooks, distributed with the book in the spreadsheets/
folder, carry live versions of the book’s own examples. Each chapter also works a
case study drawn from the open research literature, with its own reference list,
so the methods are seen doing real work on published numbers. The book is
written so that it can be read on its own. You do not need the lecture recordings
or the textbook next to you while you read it, although both are useful. Every
method is explained from the beginning, every interest factor is derived so that
you can see where it comes from, and every kind of problem that appears on the
homework, the quizzes, and the major exams is solved here in full, step by step.



How this book is organized

Each chapter follows the order of the course lectures. The body of the page carries
the explanation, the derivations, and the worked examples. The wide margin
carries supporting material, so you always know where to look:

Definitions. Every technical term, when it is first used, is defined in the margin
in green.

Figures. Most of the cash flow diagram and figure are in the margin, next to the
sentence that refers to it, so the picture and the words stay together.

References. Pointers to the lecture, the slides, and the external references are
placed in the margin at the start of each section.

Startup lens. Gold margin remarks that reread the section’s method from the
point of view of someone building a new venture: pricing a product, raising
money, deciding what to own and what to rent.

Engineering judgment. Maroon margin remarks that show where your engineer-
ing knowledge—equipment lives, failure modes, capacity limits, process
yields—enters the economic analysis as an input, not an afterthought.

Examples, figures, and tables

Every worked example is numbered within its chapter (“’Example 2.3"" and so on)
so it can be referenced in lecture and in your own notes. Inside each example
a small Solution. rule separates the problem statement from the worked-out
solution, leaving you a natural place to attempt the problem yourself before
reading on. Every figure (including every cash flow diagram, even those that
appear inside a multi-step solution) and every table is also numbered and listed
in the front matter, so the List of Figures and List of Tables can be used as a quick
visual index of the book.

Pre-class quizzes and end-of-chapter exercises

Two kinds of practice are scattered through the book:



Pre-class quizzes. short concept checks placed before a lecture. The questions
appear consecutively in a small green block; the answers are collected in a
shaded box at the bottom of the same block, so you can answer all of them first
and then check.

End-of-chapter exercises. full computational problems drawn from the homework
and the quizzes. They are arranged from the most basic single-payment calcula-
tions up to mixed cash flows, gradients, and decision problems. Every solution
is worked in full, but is collected in the back of the book (the ““Solutions to
End-of-Chapter Exercises” chapter), so that the temptation to glance at the
answer while attempting the problem is removed.

Exam-style problems. each chapter’s exercises end with problems written in the
exact format and difficulty of the major exams and the final, so the step from
practice to exam holds no surprises.

Assessing outside recommendations. each chapter also includes problems in which
an Al assistant, a vendor, or a consultant has already produced an analysis—
and that analysis is wrong or incomplete in some way. Your task is to find the
error, explain it, and correct it. Checking someone else’s work is a different
skill from producing your own, and in practice it is the one you will use most.

Multiple-choice questions, where they appear, list one option per indented
line below the stem, so the choices are easy to scan.

Worksheets, and the examinations themselves

The term this book was written for is complete, so the assessment chapter no
longer holds anything back. chapter 22 carries the homework sets, the practice
quizzes, the practice major-exam packets, and the final examination as it was
actually sat, each laid out with answer regions sized to the work a grader expects.
Appendix D carries the official solutions and answer keys for all of them. Work
the paper first and read the key second: the gap between recognising a solution
and producing one is exactly the gap between a passing mark and a good one.



If English is not your first language

Most readers of this book study engineering in English and think, at least part
of the time, in another language. The chapter that follows this preface exists for
that reason. It sets out, in one place, every symbol the book uses, how to read
factor notation aloud, the currency and number conventions of the exam papers,
a list of ordinary English words that carry a narrower technical meaning here
(worth, salvage, sunk, cushion, defender), and the small fixed set of instruction verbs
that examination questions use and what length of answer each one is asking for.
None of it is examinable on its own; all of it is assumed on every later page.

A note on numbers and examples

All amounts are in Saudi riyals, written SAR after the number, with a comma
for thousands and a point for the decimal part: 1,234.56 SAR. The examples are
built around two recurring settings: the energy-transition mineral supply chain
of Vision 2030 (lithium refining, phosphate plants, haul trucks, flotation cells)
and automation and robotics (inspection robots, autonomous fleets, research
funds). Both settings are chosen so that the engineering behind the numbers is
one you can picture, and both sit in the industrial landscape this book’s readers
are most likely to work in. Small differences from your own work usually come
from rounding, or from the number of decimal places carried in the interest factor
tables, and are not errors.

This resource was prepared with the help of generative Al tools and reviewed and corrected
by the instructor.



How to Read This Book: Notation, Words,
and Conventions

This short chapter is a reference desk. Nothing here is examinable on its own, but
everything here is used on every later page. Most readers of this book study engi-
neering in English while thinking, at least part of the time, in another language,
so the symbols, the phrases, and the number conventions are all set out once, in
one place, rather than being explained the first time they happen to appear. Come
back to it whenever a symbol or a phrase in a problem statement is not doing
what you expected. The alphabetical glossary in Appendix D is its companion:
this chapter is arranged by kind of thing (symbols, then numbers, then words,
then exam verbs), the glossary is arranged by name, and every glossary entry
says which chapter teaches it.

Symbols used throughout the book

The same letters mean the same things in every chapter, in every worksheet, and
on every exam paper in this course.

Symbol  Meaning

p a single amount located at the present, time zero

F a single amount located at some future period N

A an amount that repeats, unchanged, at the end of every period

G the constant amount by which a series grows each period (arithmetic gradient)
g the constant rate at which a series grows each period (geometric gradient)



Meaning

MARR

By, BV

TI
NI
ATCF
E[-]

SAR

the interest rate per period, written as a percentage, used as a decimal
the nominal annual rate, quoted per year but compounded more often
the effective annual rate that r actually produces

the total number of periods; the index of one particular period
minimum attractive rate of return: the rate a project must beat
present worth: everything the project does, restated at time zero
future worth: the same, restated at period N

annual equivalent (annual equivalent cost): the same, spread evenly per period
the rate of return that makes PW = 0

the cost basis of an asset: what may be depreciated

salvage value: what the asset is expected to be sold for at the end

the depreciation charge taken in period n

book value: the basis less all depreciation taken so far

the marginal income tax rate

taxable income

net income, the bottom line of the income statement

after-tax cash flow: the cash the project actually produces after tax

the expected (probability-weighted average) value of a quantity

the standard deviation: how widely the outcomes scatter

Saudi riyal, the currency of every amount in this book

Factor notation, and how to say it out loud

Every equivalence calculation in this course is written in factor notation before any

number is substituted:

P=A(P/A, i N).

Read the bracket from left to right as /P given A, at i percent, for N periods.”

The letter before the slash is what you want; the letter after the slash is what you

have. So (F/P, 8%, 5) is “’F given P, at 8 percent, for 5 years’”: it converts a present

amount you already know into the future amount you want. This one habit —



want over have — is enough to pick the right factor without memorizing the table
headings.

Two consequences follow, and both are worth checking whenever an answer
looks wrong. First, the letters cancel like fractions: P = F (P/F) and F = P (F/P),
so (P/F) (F/P) = 1. Second, a factor whose top letter is P or A and whose bottom
letter is F or P will always be less than one when i > 0, because moving money
backwards in time makes it smaller.

Write the factor notation first, then substitute, then compute. Examiners in
this course give partial credit for a correct factor with a wrong arithmetic result,
and no credit for a bare number.

Money, numbers, and units

Currency. Every amount is in Saudi riyals and is written SAR after the number:
120,000 SAR. No currency symbol is ever placed before the number in this book,
so the currency never has to be guessed from context and no amount can be
misread as dollars.

Thousands and decimals. A comma separates thousands and a point separates the
decimal part: 1,234.56 SAR means one thousand two hundred thirty-four riyals
and fifty-six halalas. This is the convention used on the exam papers, in the
interest factor tables, and in the companion spreadsheets. If your calculator or
your operating system is set to the opposite convention (1.234,56), change it
before an exam — a misread separator is the single most common avoidable
error on graded work.

Rounding. Interest factors are carried to four decimal places, exactly as they
appear in Appendix B. Money answers are reported to two decimal places.
Round only at the end; rounding a factor early and then multiplying by a
large investment can move an answer by hundreds of riyals. When your result
differs from the book’s by a riyal or two, this is almost always the reason, and
it is not an error.

Rates. A rate written 10% is used in a formula as 0.10. A period is one year unless
the problem says otherwise; when it does not, say so in your answer rather
than assuming.



Signs. Money leaving the firm is negative, money arriving is positive, and a
cash flow diagram shows this with the direction of the arrow: down for an
outflow, up for an inflow. Costs are therefore entered as negative numbers in
a present-worth sum, and an “annual equivalent cost” (AEC) is quoted as a
positive number whose sign has already been accounted for by calling it a cost.
Mixing these two habits inside one calculation is the second most common
avoidable error.

End-of-period convention. Unless a problem states otherwise, every cash flow oc-
curs at the end of its period, and period o is the present instant. An investment
made “now” sits at time zero; a first annual payment “’starting next year” sits
at time one.

Words that carry a technical meaning

These English words are used in engineering economy in a narrower sense than
in everyday speech. A dictionary translation of the everyday sense will mislead
you, so each is given here in the sense this book uses.

Word What it means here

worth a value restated at a chosen point in time, not a judgment
of quality

equivalent different in amount and timing but of equal value at a
stated interest rate

outlay cash paid out

salvage value the amount the asset is expected to sell for at the end of
its life

sunk cost money already spent that no present decision can re-

cover, and which therefore never enters a comparison

cost basis the one-time amounts needed to acquire an asset and
make it ready for use: price, freight, installation — the
amount that may be depreciated

book value basis less depreciation taken so far: an accounting record,
not a market price

market value what the asset would actually sell for today



Word

What it means here

depreciation
tax shield
overhaul

defender
challenger

economic service life
capital recovery

capitalized cost

incremental
mutually exclusive
cushion
break-even
sensitivity

scenario

a deduction spread over the asset’s life; it moves no cash
by itself

the cash saved because a deduction lowered the tax bill,
equal to t D

a large repair in one particular year, entered as a single
cash flow in that year

the asset currently owned, in a replacement study
the candidate asset proposed to replace it

the number of years of ownership that makes the annual
equivalent cost smallest

the annual cost of owning an asset: purchase less salvage,
spread over the life

the present worth of a cost that repeats forever

the difference between two alternatives, which is the
only thing that can decide between them

a set of alternatives from which exactly one may be cho-
sen

how far an estimate may fall before the decision changes;
also called the break-even margin

the input value at which the decision flips, usually where
PW =0

how much the answer moves when one input is changed
on its own

a complete, internally consistent set of inputs, changed
together

The verbs used in exam questions

expected.

Examination questions in this course use a small, fixed set of instruction words,
and each asks for a different amount of writing. Reading the verb before reading
the numbers tells you how long the answer should be.

State. Give the quantity or the name, with its units. One line. No derivation is



Compute. Show the factor notation, substitute, and give the number with its
units. Full working is required; a final number alone earns little.

Complete. Fill the marked cells of a given table. The unmarked cells are provided
so you can check that your basis or your rate is right before you go on.

Explain. Write one or two full sentences, in prose. A formula is not an explana-
tion.

Which statement is FALSE. Exactly three of the four options are true. Find the
one that is not; do not look for the ““most correct’”” one.

Recommend | verdict sentence. One sentence that carries the actual numbers you
computed and ends in a decision. “Accept” on its own is not a verdict; “accept:
the expected present worth is +8,855 SAR, but a 31% chance of loss remains”
is.

How the practice in this book works

Two kinds of practice run through every chapter, and both work the same way
everywhere, so the rules are given here once instead of at the head of each chapter.

The block before you read on. Each chapter opens its main development with a
short set of concept questions in a green block. Answer them before reading
further — from what you already know, or by guessing — and only then look
at the shaded box at the foot of the block, which holds all the answers together.
Guessing first and being corrected is what makes the correction stick; reading
the answer first does not.

The exercises at the end. These are the real problems: the in-class activities, the
homework, the quizzes, and problems written at exam difficulty. They are
ordered from the simplest use of the chapter’s method up to problems that
combine it with earlier chapters. Every one is solved in full in Appendix D
at the back, deliberately far from the question, so that glancing at the answer
takes a decision rather than a glance.

Graded work in this course, and every worked solution in this book, follows the
same shape. Draw the cash flow diagram. Write the factor notation before any
number. Substitute. Box the final answer with its units. End with one sentence



that states the decision and carries the numbers that justify it. A bare number,
however correct, earns little; the steps are the answer.

Each chapter’s exercises also close with two kinds of problem worth naming.
Exam-style problems are written in the exact format and difficulty of the papers in
chapter 22. Assessing outside recommendations problems hand you an analysis that
somebody else — a vendor, a consultant, an Al assistant — has already produced,
and that is wrong or incomplete in some specific way. Your task is to find the
error, name it, and correct it. Checking someone else’s work is a different skill
from producing your own, and it is the one you will use most.

A suggested path through the book

The book is longer than one term. Table 1 shows the route the ISE 307 lectures
take through it, and which assessment closes each block. If you are reading the
book outside the course, the same route works: each block stands on its own, and
each ends with a worksheet you can sit under exam conditions.

Table 1: The route the course takes through the book.

Lectures Chapters Closed by
12 1 (decisions) —

3-7 2 (time value of money) Homework 1, Quiz 1
8—9 3 (money management: nominal, effective, loans) Homework 2
10 4 (inflation) —

11 1-4 review Major Exam 1
12—-14 5 (present worth) Homework 3
15-16 6 (annual equivalence) Quiz 2

1718 7 (rate of return, incremental analysis) —

19 5—7 review Major Exam 2
21 10 (depreciation) Homework 4
22 10 (income taxes and after-tax cash flow) —

23 12 (project uncertainty) Quiz 3

24 21 (software and tools: spreadsheets) —



Lectures Chapters Closed by

25 10, 12, 21 review Final Exam

The remaining chapters — benefit—cost analysis, cost estimation, project cash-flow
statements, decision trees, Monte Carlo simulation, real options, replacement,
sustainability, multi-criteria analysis, the economics of automation, and behav-
ioral pitfalls — are not examined in ISE 307. They are in the book because the
handbook is meant to outlast the term, and because most of them appear in the
FE examination or in the first project you will be handed at work.

What to do in the week before an exam

The order matters more than the hours. Work the end-of-chapter exercises of the
examined chapters first, with the solutions chapter closed. Then sit the matching
worksheet in chapter 22 under real conditions: one sitting, formula sheet and
factor tables only, a clock running. Only then open Appendix D and mark yourself.
Reading a worked solution feels like learning and is not; producing one under
time pressure is. The worksheets in this book are the actual papers sat in this
course, including the final examination, so a clean run through them is a reliable
measure of where you stand.



Contents

PART I FOUNDATIONS OF ECONOMIC DECISION-MAKING

Engineering Economic Decisions 3
1.1 What Engineering Economy Is 3
1.2 Why This Matters: An Opening Story 4
1.3 The Rational Decision-Making Process 4
1.4 Types of Strategic Engineering Economic Decisions 6
1.5 The Four Fundamental Principles 7
1.6 Projects and the Firm’s Financial Statements 8
1.7 Case Study from the Literature 11
1.8 Chapter Summary 12
1.9 Exercises 13

The Time Value of Money 17

2.1 Why Money Has a Time Value 18

2.2 Interest: The Cost of Money 19

2.3 The Elements of an Interest Transaction 20

2.4 The Cash Flow Diagram (CFD) 21

2.5 Two Ways to Calculate Interest 21

2.6 Economic Equivalence 24

2.7 The Single-Payment Factors 27

2.8 How to Read the Interest Factor Table 28

2.9 Solving for the Rate or the Number of Periods 30
2.10 Uniform Series: Future Worth and Sinking Fund 31
2.11 Uniform Series: Present Worth and Capital Recovery 35
2.12 Gradient Series 40

2.13 The Strategy for Composite Cash Flows 44
2.14 Case Study from the Literature 45
2.15 Chapter Summary 48



2.16 Exercises 48

Money Management: Nominal and Effective Rates, Loans, and Financing

3.1 Nominal and Effective Interest Rates 56

3.2 Continuous Compounding 58

3.3 The Effective Rate per Payment Period 60

3.4 Amortized Loans 62

3.5 Add-On Loans and the True Cost of a Quote 65
3.6 Mortgages and the Refinancing Decision 67

3.7 Debt, Equity, and the Cost of Financing 68

3.8 Case Study from the Literature 69

3.9 Chapter Summary 71

3.10 Exercises 72

Inflation and Purchasing Power 75
4.1 Measuring Inflation: Price Indexes 76
4.2 The Average Inflation Rate 77
4.3 Actual and Constant Money 78
4.4 The Market Rate, the Real Rate, and the Inflation Identity 81
4.5 The Pairing Rule 81

4.6 Equivalence Calculations under Inflation 84

4.7 Inflation, Depreciation, and the Chapters Ahead 85
4.8 Case Study from the Literature 87

4.9 Chapter Summary 89

4.10 Exercises 89

PART II EVALUATING ALTERNATIVES
Present-Worth Analysis 95

5.1 From Loans to Projects: The MARR 96
5.2 The Conventional Payback Period 97
5.3 The Discounted Payback Period 98
5.4 The Net Present Worth Criterion 99
5.5 Net Future Worth 101
5.6 The Project Balance 104
5.7 The Capitalized Equivalent 106
5.8 Comparing Mutually Exclusive Alternatives 108
5.9 Case Study from the Literature 113
5.10 Chapter Summary 116
5.11 Exercises 117

Annual-Equivalence Analysis 127
6.1 The Annual Equivalence Criterion 128

6.2 Capital Costs and Operating Costs 130

55



6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13

The Capital Recovery Cost 130

Building a Full Annual Equivalent Cost 133
Perpetual Assets 135

Unit Cost and Unit Profit 136

Levelized Cost: The Annual-Equivalence Idea at Grid Scale 138
Make-or-Buy Decisions 141

Break-Even Usage Between Two Machines 143
Comparing Alternatives with Unequal Lives 145
Case Study from the Literature 146

Chapter Summary 148

Exercises 149

Rate-of-Return Analysis 155

7.1
7.2
7-3
7-4
7-5
7.6
77
7.8
79
7.10
7.11
7.12
713
714

What the Rate of Return Is 156

Finding i* by Direct Solution 157

Finding i* by Trial and Error 159

Simple and Nonsimple Investments 161

The IRR Decision Rule 163

Multiple Rates of Return 165

When IRR Misleads: the Net-Investment Test and the External Rate of Return
Why the Rate Cannot Rank Alternatives 170
The Incremental Method 172

Three or More Alternatives 175

Service Projects and Unequal Lives 178
Case Study from the Literature 178

Chapter Summary 182

Exercises 183

Benefit—Cost Analysis and Public Projects 189

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11

Public Projects: Users and Sponsors 190

The Benefit-Cost Ratio 192

The Profitability Index 194

Mutually Exclusive Alternatives: The Incremental Ratio 194
Valuing Benefits and Disbenefits 197

The Social Discount Rate 198

A Full Public Example: Coastal Desalination 199
A Distributional Remark 201

Case Study from the Literature 202

Chapter Summary 204

Exercises 205

167



10

11

PART III BUILDING REAL CASH FLOWS

Estimating Costs: From Engineering Data to Numbers

9.1
9.2
93
9-4
9-5
9.6
97
9.8
9-9

211
Cost Concepts: A Vocabulary for Estimating 212
Estimate Classes: How Good Is This Number? 214
Estimation Methods: From Analogy to Takeoff 216
Escalation: Bringing Old Numbers to Today 218

Contingency and Management Reserve 219
Estimate Bias: A Pointer 221
Case Study from the Literature 221

Chapter Summary 224
Exercises 225

Depreciation and Income Taxes 229

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9
10.10
10.11
10.12
10.13
10.14
10.15

Depreciable Property, Cost Basis, and Book Value 230
Book Depreciation and Tax Depreciation 233
Straight-Line Depreciation 234

Declining-Balance Depreciation 234
Units-of-Production Depreciation 237

Three Methods, One Asset 238

MACRS: Tax Depreciation in the United States 239
Depreciation and Tax in the Saudi System 242
Corporate Income Taxes 243

After-Tax Cash Flow 245

Gains and Losses on Disposal 247

An Integrated After-Tax Evaluation 248

Case Study from the Literature 251

Chapter Summary 253

Exercises 255

Developing Project Cash Flows 263

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9

The Elements of a Project Cash Flow 264

The Cash Flow Tableau 265

Working Capital 268

Financed and Equity Views of the Same Project 270
Inflation in After-Tax Analysis 272

Capstone: A Bagging Plant, Both Ways 274

Case Study from the Literature 277

Chapter Summary 279

Exercises 280



PART IV RISK AND FLEXIBILITY
12 Handling Project Uncertainty 285

12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8
12.9
12.10

13 Sequential Decisions: Trees and the Value of Information

13.1
13.2
13.3
13.4
13.5
13.6
13.7
13.8

Why Point Estimates Mislead 286

The Base Case 287

One-Way Sensitivity Analysis 288

Break-Even Analysis 292

Scenario Analysis 294

Expected Present Worth 295

Where the MARR Comes From: Cost of Capital and Risk
Case Study from the Literature 299

Chapter Summary 301

Exercises 302

Decision Nodes, Chance Nodes, and Rollback 311
Rollback: A Two-Stage Pilot Decision 312

The Value of Perfect Information 314

Imperfect Information and Bayes” Rule 316

The Value of a Fallible Test: EVSI 317

Case Study from the Literature 319

Chapter Summary 321

Exercises 322

14  Monte Carlo Risk Simulation 325

14.1
14.2
14.3
14.4
14.5
14.6
14.7
14.8
14.9
14.10

From Three Scenarios to a Distribution 327
Choosing the Input Distributions 328
Correlation Between Inputs 330

The Simulation Loop 332

Reading the Output 334

Contingency from the Simulation 336
When Not to Simulate 338

Case Study from the Literature 338
Chapter Summary 340

Exercises 341

15 Real Options: The Value of Flexibility 345

15.1
15.2
15.3
15.4
15.5
15.6
15.7

What a Single NPV Assumes 347

The Option Zoo, in Minerals 349

One Period, By Hand: The Binomial Lattice 349

Two Periods: The Value of Waiting Longer 351
Abandon and Expand: Flexibility in Operations 353
Trees with p or Lattices with g: Which to Use 355
Rules of Thumb: When Flexibility Is Worth Money 356

309

297



15.8

15.9
15.10

Case Study from the Literature 357
Chapter Summary 359
Exercises 360

PART V ASSETS OVER THEIR LIVES

16 Replacement Decisions 365

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9
16.10

Defender, Challenger, and Sunk Costs 366

The Opportunity-Cost (Outsider) Viewpoint 368
The Challenger, and the Verdict 369

The Economic Service Life 371

Replace Now or Later: The Marginal Rule 374
After-Tax Replacement 376

Unequal Lives: AE under Repeatability 379

Case Study from the Literature 380

Chapter Summary 382

Exercises 383

17 Sustainability Economics: Carbon, Life-Cycle Cost, and the Circular Economy

17.1
17.2
17.3
17.4
17.5
17.6
17.7
17.8
17.9

Putting a Price on Carbon 391

When the Carbon Price Flips a Decision 393

Life-Cycle Cost Analysis 394

Externalities: Three Ways to Handle a Cost Nobody Bills 397
The Circular Economy at End of Life 398

Carbon-Price Sensitivity: A One-Way Analysis 400

Case Study from the Literature 401

Chapter Summary 404

Exercises 404

PART VI DECISION QUALITY IN PRACTICE
18  Beyond Money: Multi-Criteria Decision Analysis 411

18.1
18.2
18.3
18.4
18.5
18.6
18.7
18.8
18.9

When Money Alone Cannot Decide 412

The Additive Value Model 413

Weight Sensitivity: The Flip Weight 416

Where Do Weights Come From? A Brief, Honest AHP 418
Common Abuses of Weighted Scoring 419
Cost-Effectiveness Analysis 420

Case Study from the Literature 422

Chapter Summary 424

Exercises 425

19  The Economics of Automation and Al 429

19.1

Automation Is a Challenger 431

389



19.2
19.3
19.4
19.5
19.6
19.7
19.8
19.9
19.10
19.11
19.12

The Challenger’s Real Cost Basis 432
Converting Benefits Honestly to Cash Flows 433
The Vendor-ROI Problem 435

Fast Obsolescence: Buy Now or Wait? 437
The Learning Curve 440

Labor: Reallocation and Displacement 442
Pilot, Then Scale 444

The Inspection Robot, End to End 444
Case Study from the Literature 446
Chapter Summary 448

Exercises 449

20  Why Good Analyses Go Wrong: Behavioral Pitfalls and Forecasting Discipline

20.1
20.2
20.3
20.4
20.5
20.6
20.7
20.8
20.9
20.10

The Planned-versus-Actual Record 455

Optimism Bias and Strategic Misrepresentation 457
Anchoring 458

Sunk-Cost Escalation 459

Confirmation Bias in Sensitivity Analysis 461

Reference Class Forecasting: The Outside View 462
Pre-Mortems, Estimate Reviews, and the Audit Mindset 464
Case Study from the Literature 465

Chapter Summary 467

Exercises 468

21 Software and Tools 471

21.1
21.2
21.3
21.4
21.5
21.6
21.7
21.8
21.9
21.10
21.11
21.12
21.13

The Five Time-Value Functions 473

Loan Schedules 478

Project Evaluation: NPV and IRR 480
Depreciation and Taxes 485

Uncertainty: Data Tables and Goal Seek 489
Replacement: The AEC Table 492
Simulation in a Spreadsheet 493

Rolling Back a Tree in a Spreadsheet 496
Levelized Cost and Carbon in a Spreadsheet 498
Estimation Sheets 500

Good Spreadsheet Habits 502

Chapter Summary 503

Exercises 505

PART VII WORKSHEETS AND APPENDICES

22 Worksheets and Practice Problems 513

Worksheet 22.1: Homework 1 514

453



Worksheet 22.2: Quiz 1 (Section Fo3), Version A 522
Worksheet 22.3: Quiz 1 (Section Fo3), Version B 526
Worksheet 22.4: Quiz 1 (Section Fo3), Version C 532
Worksheet 22.5: Quiz 1 (Section Fo3), Version D 537
Worksheet 22.6: Quiz 1 (Section Fo3), Version E 542
Worksheet 22.7: Quiz 1 (Section o1), Version A 548
Worksheet 22.8: Quiz 1 (Section 01), Version B 553
Worksheet 22.9: Quiz 1 (Section 01), Version C 558
Worksheet 22.10: Quiz 1 (Section 01), Version D 562
Worksheet 22.11: Quiz 1 (Section 01), Version E 566
Worksheet 22.12: Practice Quiz 1 571

Worksheet 22.13: Practice Major Exam 1 577
Worksheet 22.14: Homework 2 585

Worksheet 22.15: Homework 3 593

Worksheet 22.16: Quiz 2 602

Worksheet 22.17: Practice Quiz 2 609

Worksheet 22.18: Practice Major Exam 2 615
Worksheet 22.19: Homework 4 623

Worksheet 22.20: Quiz 3 634

Worksheet 22.21: Practice Quiz 3 641

Worksheet 22.22: Practice Final Exam 647
Worksheet 22.23: Final Exam (Version A) 655

A Formula Sheet 667

B Interest Factor Tables 675
Factors ati = 1% 676
Factors ati = 2% 677
Factors ati = 3% 678
Factors ati = 4% 679
Factors ati = 5% 680
Factors ati = 6% 681
Factors ati = 7% 682
Factors ati = 8% 683
Factors ati = 9% 684
Factors at i = 10% 685
Factors ati = 12% 686
Factors at i = 15% 687

C Reading Financial Statements 689
D Glossary 695
Solutions to End-of-Chapter Exercises 701



Solutions to Worksheets 929

Da
D.2
D3
D.4
D.5
D.6
D.7
D.8
D.g
D.1o
D.11
D.12
D.13
D.14

Homework 1 929

Quiz 1, Section Fo3 — Master solution key 943
Quiz 1, Section 01 — Master solution key 946
Practice Quiz 1 — Answer key and select solutions
Practice Major Exam 1 950

Homework 3 956

Quiz 2 — Master solution key 966

Practice Quiz 2 — Answer key and select solutions
Practice Major Exam 2 968

Homework 4 974

Quiz 3 — Master solution key 982

Practice Quiz 3 — Answer key and select solutions
Practice Final Exam 984

Final Exam — Version A 990

949

967

983






List of Figures

1.1

1.2

2.1
2.2

2.3

2.4
2.5
2.6

2.7
2.8
2.9
2.10

2.11

2.12
2.13
2.14
2.15

The six steps of the rational decision-making process. Engineering economics supplies the last two, the
criterion and the final selection; the dashed arrow is not a seventh step but a reminder that a decision is
only as good as the estimates gathered in step 3, which is where a realized cost or demand that departs

from the estimate sends the analysis back. 5

At 10%, money today grows period by period. This is the time value of money. 7

Inflows point up, outflows point down. 21

A single present amount of 1,000 SAR grown for 3 years; compute F under each interest rule. 22
Simple and compound future amounts at i = 10%. The two curves cross only at N = 0 and N = 1; for
every later period the compound curve is strictly above, and the gap grows with N. 23

Plan 1: loan received now, repaid in five equal end-of-year installments. 25

Plan 2: loan received now, single repayment at year 5. 25

(F/P) moves a present amount forward to a future amount. 27

(P/F) moves a future amount back to the present. 27

A single future amount discounted to the present. 28

One deposit at year o; the unknown F at year 8. 29

Exact doubling time vs. the Rule of 72. The two curves nearly coincide across the gold band (i = 4% to
15%); outside the band, the rule increasingly underestimates at low rates and overestimates at high
rates. 31

A uniform series. The first payment is at the end of period 1; F is measured at period N, at the same
time as the last payment. 31

Eight equal deposits at years 1-8 reach the target at year 8. 33

An opening deposit plus an eight-year series, both valued at year 8. 34

A loan P received now, repaid by N equal installments. 35

Ten equal payments; the present value is at year o. 37



2.16
2.17

2.18
2.19
2.20
2.21
2.22

2.23
2.24

2.25

3.1
3.2
3.3
3-4
3.5
3.6
3.7
3.8

39
3.10

Loan received now, repaid by five equal end-of-year payments. 38
A deferred annuity. (P/A) gives a value at period 2, one period before the first payment at period 3;

(P/F) then moves it to time zero. 39

After Step 1, the five payments become a single amount P, at year 2. 39

After Step 2, P, becomes the present value Py at year o. 40

A strict linear gradient. There is no arrow at period 1; the first nonzero flow, G, is at period 2. 40
The base amount, present in every year. 41

The increase, 0 in year 1, then 18,000, 36,000, and so on. 42

Strict linear gradient: zero in year 1, then growing by G per year. 42

The whole factor system on one map. Every factor is an arrow between two of the three quantities P, A,
and F: an arrow running to the right carries value forward in time and an arrow running to the left
carries it back, and the two arrows on any pair are reciprocals read off the same table row. 45

The published cash flows: capital at year o, energy savings declining 0.5% per year, and the inverter
replacement at year 15. The $196 O&M series is netted against the savings in the calculation. 46

The credit line over twelve months: 10,000 SAR received now, one balance repaid a year later after
twelve monthly compoundings. 58

One year of the loan under the cheapest quote: 100,000 SAR in at month o, one repayment a year later.
Each bank’s effective annual rate sets the height of the repayment arrow. 59

Twelve quarterly deposits over three years; the axis counts quarters, and the rate is the effective rate per
quarter. 61

The loan received at year o and five equal annual repayments, valued at the effective annual rate. 62
The loan: 280,000 SAR received at month o and sixty equal monthly repayments. 63

The amortized conveyor loan of Example 2.16 paid out year by year. Every bar is the same 12,523 SAR
payment, but the interest slice shrinks from 4,000 to 928 SAR as the balance falls, and the principal slice
grows to fill what it leaves. Nothing about the payment changes; only the job it does. 65

The add-on offer as the borrower experiences it: 50,000 SAR in, thirty-six equal payments out. The rate
that makes the two sides equivalent is the true cost. 65

Keeping the old loan: 84 remaining payments of 5,067.03 SAR, valued at the firm’s 0.5% monthly
opportunity rate. 67

Refinancing: the fee now, then 84 smaller payments. 68

Each 10 million USD of solar capital, recovered as an equal annual charge over 25 years. The financing
rate sets the height of the arrows. 70

The price paid per tonne of reagent in each of the four years. The average inflation rate is the single
growth rate that connects the first arrow to the last. 78



43

4.4
4.5
4.6

4.7
4.8

4.9

5.1

5.2
53
5-4

5-5
5.6
5.7
5.8

59

5.10
5.11
5.12
513
5-14

The year-3 cheque restated in year-o buying power. The move uses the inflation rate, not an interest

rate: no money moves through time, only its unit changes. 79

The invested reserve: the actual balance grows at the market rate, but its buying power grows only at
the real rate. 80

Contract A in actual money: constant buying power means the cheques climb with inflation. 82
Contract B in actual money: the cheques stay flat. 82

The two offtake contracts, each drawn in both currencies of time. Contract A is flat in constant riyals
and climbing in actual riyals; Contract B is the mirror image, flat in actual riyals and falling in constant
ones. The two agree in year 1 and part company after, which is the whole 13,000 SAR gap in present
worth. 84

A perpetual withdrawal of constant buying power. The actual cheques grow at 3% per year without
end, which is why the real rate prices them. 85

The tax shield: a flat actual-money series. An indexed shield would climb with inflation like Contract A
of Example 4.4. 86

The flat 200,000 SAR contract signed in 2018. Each cheque is the same actual amount; the index measures
how much buying power each one has lost. 87

A typical project: investment down at year o, net returns up each year, and a salvage value S added to
the last return. 96

The inspection robot: one investment, five equal annual savings. 97

The same robot; the flows are now discounted at 10% before they are accumulated. 99

The retrofit: one arrow down at year o, five annual savings up, with the resale value added to the last
one. 100

The single equivalent amount at year o carried forward to the end of the project. 102

The automation project: one investment, four equal returns. 103

The retrofit flows again; the balance table below restates them as a running account. 105

The project balance of the retrofit plotted year by year. The negative bars are the capital still at risk; the
balance crosses zero during year 5 (the discounted payback) and ends at the net future worth. 106
The endowment pattern: a build cost at year o, upkeep every year, and a refurbishment every 20 years.
The axis break indicates that the pattern repeats without end. 107

Crusher C1: investment, five net annual returns, and the salvage on top of the last return. 109
Crusher Ca2: larger investment, larger returns. 110

The epoxy option: one purchase covers the full ten years. 111

The standard option replicated to the 10-year LCM: the recoat at year 5 is a single future outflow. 111
Forklift F1 over the 4-year study period: first cost, four years of O&M, and the market value credited at
the cutoff. 113



515

6.1
6.2

6.3
6.4
6.5
6.6

6.7

6.8
6.9

6.10

6.11
6.12

6.13
6.14

6.15
6.16

7.1
7.2
7-3
7-4
7:5

7.6

The Jeddah rooftop PV system, in USD: capital at year o, net savings each year, and one inverter

replacement at year 15. 114

The present worth at year o and its equivalent uniform series over years 1-5. 129

The capital flows of ownership: pay I now, recover S at year N. CR(i) is their equivalent annual
cost. 130

Purchase at year o, resale at year 4, and the unknown equivalent annual ownership cost. 131

The machine’s full cash flow: purchase, five years of savings, and salvage. 132

Purchase, stepped operating costs, and salvage for the standby generator. 134

The stepped operating costs collapsed to a single present worth at year o. 134

The station’s cash flows: construction, perpetual upkeep, and a repeating overhaul (only the first years
are drawn). 136

The bagging line: investment, eight years of operating cost, and salvage. 137

One kilowatt of the solar option: installed cost at year o and fixed O&M each year. The product is the
stream of kilowatt-hours. 139

What a levelized cost is made of, for the remote-mine options of Example 6.7 at a MARR of 8%. The
two totals are far apart, 0.284 against 0.977 SAR per kWh, but the compositions are opposites: solar is
almost entirely capital recovery through (A/P), diesel almost entirely fuel, so the discount rate governs

one bar and the fuel price governs the other. 140

The buy option at full volume: a vendor fee with no investment and no salvage. 142

Annual cost against volume for the make and buy options. The lines cross at the break-even volume Q*;
above it the in-house line is lower, below it the vendor line is lower. 143

G1's cash flows: first cost at year o, then a yearly cost with a fixed maintenance part and a usage part.
G2 has the same shape with its own numbers. 144

The two annual-cost lines. G1 starts higher but climbs more slowly; G2 starts lower but climbs faster.
They cross once, at the break-even usage. 144

The epoxy coating: one payment spread over its 10-year life. 145

The standard coating: one payment spread over its 5-year life. 146

The PW profile of an investment. Left of i* the present worth is positive; right of it, negative. 157
One amount out at year o, one amount in at year 5; the rate connecting them is i*. 158

A two-period project; its PW = 0 equation is a quadratic. 158

An investment now, recovered by five equal annual savings. 160

The PW profile of the conveyor drive. The curve falls with i and crosses zero once, at i* = 18.76%,
between the bracketing trial points. 161
Project B alternates sign three times; up to three roots are possible. 163



77
7.8
79

7.10
7.11
7.12

713

7-14
7-15
7.16

8.1

8.3

9.1

10.1

10.2

10.3

The pump upgrade: one outflow, six equal savings. One sign change, so a simple investment. 164
The strip mine: signs run —, +, —, two sign changes, so up to two roots. 165

The strip mine’s PW profile crosses zero twice, at 10% and 20%. Between the roots the present worth is
barely positive (its peak is about 41,934 SAR at i ~ 14.8%); outside them it is negative. 166

Project A: small investment, high percentage return. 171
Project B: four times the investment, lower percentage return. 171
The increment B—A: the extra capital and the extra return, year by year. 172

The two PW profiles cross exactly at the incremental rate, 26.67%. For any MARR below the crossing, B
has the higher present worth; above it, A does. Each profile meets the axis at its own IRR (40% and
80%). 173

The increment L2—L1: extra capital now, extra savings each year, extra salvage at year 10. 174
Duel 1: the increment R2—Ri1. 177

Duel 2: the increment R3—Ra2. 177

The channel in millions of SAR: two years of construction, then nine years of benefits and maintenance.
For the ratio, the benefit and cost series are kept separate rather than netted. 193

Raw benefit—cost ratios for the three interchange designs of Example 8.3, ordered by increasing denomi-
nator. Ranking by the ratio would pick A3, the tallest bar; the incremental ratios written above the arrows
are both above 1, so the correct choice is A2, the shortest bar and the largest present worth. 197
The desalination plant in millions of SAR: two construction years, then 24 operating years. The users’
net benefit is 95 — 6 = 89 per year; the sponsor’s net operating cost is 45 — 18 = 27 per year. 200

The estimate-accuracy funnel of Table 9.1. Each row is one AACE class: the solid core is the favorable
end of the class’s range, the hatched wings run out to the unfavorable end. Accuracy is bought with
engineering, not with arithmetic care — the band narrows only as the project definition on the left
matures. All ranges are 80% confidence intervals that already assume appropriate contingency. 215
The NETL five-year expenditure profile: the total overnight cost is spent 10/30/25/20/15% over years
0—4, and TASC adds escalation and interest to these as-spent amounts. 222

The flotation cell’s actual cash flows: the full cost basis leaves at year o and the salvage value returns at
year 5. The depreciation charges themselves never appear on a cash flow diagram, because they are not
cash. 232

The truck’s cash flows: purchase now, salvage at retirement. The UoP schedule allocates the difference
across the years in proportion to the kilometers driven. 237

The three book-value paths for the flotation cell. All start at the cost basis and end on the salvage value;
only the path between the endpoints differs. 239



10.4

10.5

10.6

11.1

11.2

11.3

11.4

12.1

12.2

12.3

12.4

12.5

12.6
12.7

12.8

A typical after-tax project: the investment at year o, the after-tax cash flow of each operating year, and
the net proceeds of the final sale added to the last year. 245

The sale at the end of year 3. The amount that enters the year-3 cash flow is the net proceeds, never the
raw selling price. 248

The bagging line after tax: the investment, four operating ATCFs, and the net proceeds of the sale added
to the last year. 250

The module’s after-tax cash flows: the combined capex-plus-working-capital outlay at year o, three
operating ATCFs, and the last year swollen by the working-capital recovery and the net salvage. 267
The after-tax cash flow pipeline of Example 11.1, one chevron per line of Table 11.1. Depreciation is
subtracted once to size the tax and then added straight back, because it never was cash. Working capital
is the branch that bypasses the whole income statement: it is neither an expense nor depreciable, so it
enters and leaves the bottom line untouched by tax. 268

Working capital in isolation: out at year o, back in full at year 4. The arrows are equal in size but not in
worth. 269

The bagging plant, equity view: the combined capex-plus-working-capital outlay, five MACRS-shaped
operating ATCFs, and a final year lifted by the working-capital recovery and net salvage. 276

The crushing unit’s base case: one investment, five net annual returns, and the salvage added to the last
return. 288

The base-case flows again. Each row of the sensitivity table perturbs exactly one of the four inputs
behind these arrows. 289

The sensitivity graph of the crushing unit. All four lines pass through the base case at 0% deviation; the
dashed line is PW = 0. 290

The same project, with the annual net kept as revenue minus operating cost. The ranking below sorts
these four estimates by how hard each one can move the PW. 291

Tornado diagram of the crushing unit. Each bar runs from the present worth at the input’s —20%
value to the present worth at its +20% value, widest swing on top; the dashed line is the base case
PW = +8,757 SAR, and revenue alone can move the verdict further than the other three inputs
combined. 202

The break-even setup: the annual net is now the unknown, chosen so that the PW is exactly zero. 293
The pessimistic story: the same investment, but a thinner net and a smaller salvage. The optimistic story
has the same shape with 22,000 SAR nets and a 7,000 SAR salvage. 294

The three state worths of the crushing unit and their probability-weighted center. The average is positive,
but one of the three bars is deeply negative. 296



12.9

13.1

14.1

14.2

14.3

14.4

14.5

15.1
15.2

15.3

16.1
16.2

16.3

The paper’s model in this book’s shape: a plant investment I followed by 20 years of net revenue
(p — ¢) Q, where p is the selling price, ¢ the production cost, and Q the annual output in kg, discounted
at the 7% cost of capital. 300

The value of information rises with the quality of the test and stops at the EVPI: the curve is this chapter’s
own EVSI arithmetic re-run over a family of tests of symmetric reliability p. A test too weak to change
any decision is worth nothing, the assay survey captures 4.7 of the 18 million SAR ceiling, and only a
clairvoyant collects all of it. 319

The crushing unit with its inputs left as symbols. Each iteration of the simulation fills in one draw of R,
C, and S and prices this diagram. 329

The two-input model. Correlation decides which (R, C) pairs can occur together, and with what
probability. 331

Draw 1 of Table 14.3 as a cash flow diagram: net 16,000 SAR per year with a 5,800 SAR salvage. Every
iteration is one such diagram with its own arrow heights. 333

Histogram of 10,000 simulated present worths of the crushing unit (bin width 2,500 SAR). The mass
left of the dashed line is the probability of loss; the left tail is longer than the right. 334

The cumulative curve of the same 10,000 iterations. Reading up from PW = 0 gives the loss probability;
reading across from 0.10, 0.50, and 0.90 gives the percentiles. 334

Invest now: the development cost buys the production plan whose five annual returns are worth
Vo = 100,000 SAR at the 10% MARR. 347

The pit’s final year: one uncertain year-1 value. Abandonment replaces the bad branch with the
redeployment value. 353

Why flexibility feeds on uncertainty. The value of waiting climbs with the spread between the good
and the bad outcome — the chapter’s stand-in for volatility, which the lattice never parameterizes —
while the NPV of committing today stays at 5,000 SAR; below a spread of 20,000 SAR the premium
is only interest on the unspent development cost, and only past that does the right to decline the bad
branch start paying. 357

What the keep option looks like once the books are cleared: only future flows remain, and the only
year-o amount is the market value the firm gives up by keeping the truck. 367

The defender through an outsider’s eyes: its market value is the investment at year o, followed by
operating costs and a final resale. 368

The defender as an outsider sees it: the market value is the year-o investment, the operating costs rise
with age, and the truck is still worth 10,000 SAR at the end. 369



16.4
16.5
16.6
16.7

16.8

16.9

16.10

17.1

17.2

17.3

17.4
17.5

17.6

17.7

18.1

18.2

The challenger: a large purchase, lower operating costs, and a strong resale value after three
years. 370

One row of the table: the “keep for N = 2 years” policy. Each row of the AEC(N) table prices a diagram
like this one, with its own final resale value. 372

AEC(N) for the challenger truck: falling capital recovery meets rising operating cost, and the total
bottoms out at N* = 3 years. 373

One more year of the defender: forgo the sale now, recover the year-end market value, pay the year’s
operating cost. The marginal cost states all three at the end of the year. 375

The defender’s remaining three years, with the market value falling 28 — 22 — 15.5 — 10 thousand SAR.
Each year of the table below charges the opening market value with interest, credits the closing one,
and adds that year’s operating cost. 376

The defender after tax: the year-o investment is the net proceeds forgone, the annual outflow is the
after-tax O&M net of the depreciation shield, and the final recovery is the after-tax resale. 378
One ownership cycle of the drill rig as the paper models it: the purchase price, then operating and
maintenance costs that climb with age, with no resale value, repeated identically cycle after cycle. Each
candidate replacement age prices one such cycle. 381

The internal carbon price as a uniform annual cost line over the gensets’ remaining life. It discounts like
any other operating cost. 392

One kilowatt of the night block: panels plus batteries at year o and fixed O&M over the battery-limited
10-year life. 393

Pump A: a small price tag followed by heavy operating, an overhaul at year 5, and a disposal cost at
year 10. 395

Pump B: a large price tag, light operating, and a take-back payment instead of a disposal cost. 396
The “keep 4 years” policy with the recycler’s take-back price replacing the thin used-market value at
year 4. 399

One-way sensitivity of the night-block decision to the carbon price. The lines cross at the flip price;
below it diesel is cheaper, above it the solar extension is. 401

The median disclosed corporate carbon price as a 15-year cost line on the mine’s genset fleet. 402

The cost criterion is ordinary engineering economy: each site’s 20-year cost stream is collapsed to
a PW before it is scored. Site A’s diagram is shown; B and C have the same shape with their own
numbers. 414

Weighted totals as the cost weight sweeps, other weights held in proportion. A and B cross at the flip
weight; C never leads. 417



19.1
19.2

19.3

19.4

20.1

20.2

20.3

21.1

21.2

D.2
D.3
D4
D.5
D.6
D.7
D.8

Option W’s cash flows; each option is collapsed to an annual equivalent cost before the ratios are
taken. 421

The deburring cell after the honest conversion: installed cost, five years of net honest benefits against
operating cost, and a salvage recovery. 434

The “wait one year” option: one more year of the manual defender, then the improved challenger’s
annual cost stream from year 2 onward (continuing beyond the diagram under repeatability). 438
The learning curve for the eight robot integrations of Example 19.5 at an 85% learning rate. Each
doubling of the cumulative count, 1 to 2 to 4 to 8, cuts the unit cost by the same 15%, so the fourth
doubling buys as much saving as the first while taking four times the work. 442

The inspection robot end to end: installed basis, five years of utilization-scaled benefits against operating
cost, and salvage. The single symbol u carries the whole decision. 445

Average constant-price cost overruns for the three project types of Table 20.1, with whiskers at one
standard deviation. Every mean lies well to the right of the zero line instead of straddling it, which is
the signature of bias rather than noise. 456

The rail spur as forecast: 500 million SAR of capital against twenty years of go-million benefits. The
record’s question is whether either number deserves belief. 456

The forward decision, drawn without the sunk 120 million: pay 95 to finish, receive future benefits
worth 130, or take 12 in salvage. Only these flows exist in the future. 460

The retrofit flows mapped to cells: the year-o arrow lives in B3, outside the NPV range; years 1-5 live in
B4:B8, inside it. 481

The year-zero trap in the spreadsheet NPV function. NPV discounts its first cell one full period, so a range
that starts at the year-o cell pushes every flow one year late and returns the right answer divided by
1+i — 6,442.71 instead of 7,215.83 SAR. The year-o cell belongs outside the function, added at face
value. 483

The relevant differences, Fleet E minus Fleet D. Chapter 2 develops this diagram as the standard first
step of every analysis. 703

A single present amount moved forward 8 years. 707

The same deposit under two different interest rules. 707

The number of periods N is unknown. 708

The rate 7 is unknown. 708

Growth to three times the starting amount. 709

Two deposits, each moved forward to year 10. 709

The three deposits and one withdrawal, all moved to year 8. 710



D.g

D.10
D11
D.12
D.j
D.1g
D.15
D.16
D.1y
D.a8
D.1g
D.2o
D.21
D.22
D.23
D.24
D.25
D.26
D.27
D.28
D.2g
D.3o
D.31
D.32
D.33
D.34

D.35
D.36

D.37
D.38

D.39
D.40
D.g1

The balance becomes four equal withdrawals (years 9-12). 711

Five equal deposits; the balance is at year 5. 711

A known future cost funded by equal deposits. 712

Eight equal savings; present worth at year o. 712

Plan 1: the loan repaid in five equal payments. 713

Plan 2: the loan repaid in one payment at year 5. 713

Option B: twelve equal payments valued at year o. 714

Compare a single deposit with a four-year series, both at year 4. 715

Plan Q valued at the higher rate of 12%. 715

The same amount at two different dates. 716

Three unequal savings, each moved back to year o. 716

Projection G: revenue increases by a constant percentage. 717

Projection L: revenue increases by a constant amount. 717

Cost now, value later; find the rate that connects them. 718

The full 20-year schedule: outflows down, inflows up. 719

The four contract flows, from the firm’s point of view. 720

Plan 1: seven equal deposits reach the target at year 7. 721

Plan 2: the deposits start at year 3, so only five deposits reach the same target. 722

The level base of 40,000 SAR, present in every year. 722

The gradient part: zero in year 1, then rising by 6,000 SAR per year. 723

The lease payments: one at year o and four at the ends of years 1—4. 724

The bank loan: 80,000 SAR received now, repaid in six equal payments. 725

One year of a 100 SAR balance; the compounding frequency sets the repayment height. 725
Twenty quarterly deposits over five years at the effective quarterly rate. 726

The machine loan: principal in at month o, forty-eight equal repayments. 727

The add-on offer: the payments embed interest on the full principal for all four years. 728
The dryer loan: 180,000 SAR in at quarter o, twenty equal quarterly repayments. 729

The financing option: thirty-six vendor payments, valued at the firm’s own opportunity rate, not the
vendor’s. 730

Both quotes reduced to the same one-year comparison before ranking. 731

Offer L1 over its full four-year tenor. L2 delivers the same principal but returns it twice as fast at a
higher rate. 732

The index level at the two dates; the average rate is the growth rate connecting them. 733
One unit of lithium price through the three changes; the third year falls. 733

Contract B: flat actual payments, paired with the market rate. Contract A’s payments are stated in
constant money and pair with the real rate. 734



D.g2
D.43
D.44
D.45
D.46
D.47

D.48
D.49
D.50
D.51
D.52

D.53
D.54
D.5s5
D.56
D.gy

D.58
D.59

D.6o
D.61
D.62
D.63
D.64

D.65
D.66
D.6y
D.68

D.69
D.7o0

A constant-value perpetuity: the actual cheques grow at 4% forever, so the real rate prices them. 735
Package X: flat actual cheques at the market rate. 736

Package Y in actual money: the indexed cheques climb every year. 736

The consumables index over the three years. 737

The rehabilitation with its constant-money savings paired with the real rate. 738

One year of the deposit: the actual balance grows 6.17%, prices grow 6%, and the thin difference is the
real return. 739

One investment, five equal annual savings. 740

The same project at the lower MARR of 8%. 741

The conveyor upgrade: one investment, four equal returns. 742

A perpetual uniform withdrawal funded by one deposit. 743
System S1: first cost, five years of O&M, salvage credited at year 5. S2 has the same structure with its

own numbers. 744

Project B, with the unknown flow X at years 1 and 3. 745
Project A: rising returns over four years. 746

Project B: a smaller investment with steadier returns. 747

Project C: returns that grow strongly toward the end. 748

The retrofit: two savings phases separated by the overhaul year, with the salvage added to the last
flow. 750

The debottleneck: the year-4 net flow drops to 6,000 SAR because of the reline. 752

The truck fleet replicated to the 10-year LCM: a net repurchase at year 5 and the final salvage at
year 10. 753

The beneficiation upgrade: the year-3 net flow drops to 6,000 SAR because of the overhaul. 754
The truck system replicated to the 8-year LCM. 755

Project A: large early returns that stop after year 3. 757

Project B: smaller returns that continue through year 8. 757

The endowment pattern: consumables every year and a refresh every 12 years, repeating without
end. 758

P2 replicated to the 6-year LCM: a second purchase at year 3, running costs in all six years. 759
The ore-sorter: one investment, six annual returns, with the resale value added to the last one. 760

The loader fleet replicated to the 6-year LCM: a net repurchase at year 3 and the final salvage at
year 6. 762

The causeway pattern: a build cost at year o, upkeep every year, and a resurfacing every 15 years,
repeating without end. 763

Proposal A: large early savings that stop after year 3. 764

Proposal B: smaller savings that continue through year 8. 764



D.71
D.72
D.73
D.74
D.75
D.76
D.77

D.79
D.8o

D.81

D.82
D.83

D.84
D.85
D.86
D.8&7
D.88
D.8g
D.go
D.g1

D.g2
D.g3
D.gq

D.g5
D.g6

D.gy

D.g8
D.gg

Pump P replicated to the 8-year LCM: a full repurchase at year 4. 765

Purchase at year o, salvage at year 5, and the unknown annual ownership cost. 766

The CNC machine’s capital flows and the unknown annual ownership cost. 766

Construction, perpetual upkeep, and a repeating repair (only the first years are drawn). 767

The bottling machine: investment, operating costs, and salvage. 768

The bottling line: investment, ten years of operating cost, and salvage. 769

A negative present worth spread over eight years stays negative: the factor only changes the unit, not
the sign. 770

The in-house option. Counting only the operating arrows and dropping I and S hides what ownership

costs per year. 770
The press: purchase, five years of savings, and salvage at year 5. 771
The 4-year ownership window: buy at year o, resell at year 4. 773

The 6-year ownership window: the resale value is lower, but the value loss is spread over more
years. 773

The burr mill’s capital flows. 774

The road lighting: installation, perpetual energy cost, and a repeating overhaul (only the first years are
drawn). 775

Cu: first cost and eight years of operating cost. 776

C2: first cost and four years of operating cost. 776

The project’s cash flows; the balance is evaluated at the end of year 2. 777

One kilowatt of the plant: installed cost at year o and fixed O&M for 25 years. 777

The drying unit: purchase, stepped operating costs, and resale at year 6. 779

P1’s cycle: purchase, four years of operating cost, and salvage. 780

P2’s cycle: a higher first cost spread over eight years, with a lower operating cost. 781

The packaging machine after netting: one outflow, six equal net savings, and a salvage bump at
year 6. 783

All inflows: nothing is ever invested. 784

Part (a): one sign change, a simple investment. 785

Part (b): the reclamation cost is added at year 5, making the net year-5 flow —60,000 SAR. 785
Two future periods: the exact route is a quadratic. 786

P6: a simple three-year investment. 788

PW profiles of P1 and Ps5. P1 falls smoothly and crosses once, at i* ~ 113.5%. P5 crosses at i* ~ 38.6%
over the positive rates shown. 788

The increment C2—Cz1: extra capital, extra net revenue, extra salvage. 789

The increment behind the quiz numbers: —20,000 now, 423,000 in one year, a 15% return on the extra
capital. 790



D.100
D.101
D.102
D.103
D.104
D.105
D.106
D.107
D.108
D.109
D.110

D.111
D.112
D.113
D.114
D.115
D.116
D.11y
D.118
D.119

D.120

D.121
D.122

D.123
D.124

D1 against do-nothing: the opening round. 791

Round 2: the increment D2—D1. 792

Round 3: the increment D3—D2. 792

The increment B—A: 7,000 SAR of extra capital, 1,900 SAR of extra net revenue per year. 793

The crushing contract: mobilize, collect, restore. Signs run —, +, —. 794

The thickener upgrade: one outflow, six equal savings, and a salvage bump at year 6. 796

The increment 52—S51: extra capital now, extra net revenue each year, extra salvage at year 8. 797
The pond: works now, one year of yield, then the reclamation obligation. 798

The increment M—K: the extra capital and the extra savings the memo never rated. 799

The dewatering contract: two sign changes, so up to two roots, and the series has both. 801

The clinic upgrade in millions of SAR: one capital payment, then eight years of net users’ benefits
(12 — 1 = 11) and sponsor operating costs (3). 802

The village system in millions of SAR: one capital sum, then perpetual benefits and operating
costs. 8o4

The road upgrade in millions of SAR: two construction years, then 19 service years of users’ net benefits
(35) and maintenance (4). 806

Working capital in millions of SAR: tied up at start-up, released at closure. The money returns, but
eight years later. 813

The filling machine’s cash flows. The straight-line schedule allocates the 80,000 SAR difference evenly
over the eight years. 817

The screening unit’s cash flows; each schedule below allocates the 90,000 SAR depreciable amount
differently across the five years. 819

The crushing unit’s story ends with a sale at year 5; the cash kept is the net proceeds, not the 22,000 SAR
selling price. 823

The screening line is sold before its recovery period ends, so the disposal-year charge is halved. 825
The line is sold before its recovery period ends, so the disposal-year charge is halved. 828

The mixing line after tax: the investment, five operating ATCFs, and the net proceeds of the sale added
to the last year. 829

The corrected after-tax picture: operating ATCFs of 25,500 SAR and net proceeds of 24,500 SAR at
year 5. 832

Working capital out at year o and back at year 6; the two arrows are equal in size, not in worth. 834
The thickening line, equity view: the year-o outlay is capex 240,000 plus working capital 40,000; year 5
carries the operating ATCF plus 40,000 WC recovery plus 41,530 net salvage. 837

One investment and four equal unknown returns, sized so that the PW is exactly zero. 840

The ore-testing lab’s base case. 841



D.125
D.126

D.127
D.128

D.129
D.130
D.as
D.132
D.133
D.134
D.135
D.136
D.137
D.138
D.139
D.140
D.141
D.142
D.143
D.144
D.145

D.146
D.147

Keeping the truck, priced at the unknown resale value MV* that makes its annual cost tie the chal-
lenger’s. 843

The most-likely state of the ore-sorting unit. The other two states change only the height of the annual
arrows. 844

The reagent-dosing line’s base case at 12%. 846

The terminal’s flows. The only question is which rate to discount them at: the 10% cost of capital or the
15% risk-adjusted hurdle. 847

The most-likely state of the booster station. The other two states change only the height of the annual

arrows. 848

The water-recycling plant’s base case at 12%. 850

One iteration of the loop: the same diagram is priced five times, once per draw of A. 858

One iteration of the ore-sorting model; only the height of the A arrows changes between draws. 861
The dragline’s final year. The release right replaces the losing branch with the contractor value. 867
One more year of the defender: three future flows. 871

The tailings pump’s one-more-year flows. 872

The defender through the outsider’s eyes: market value as investment, three years of operating cost,
and the year-3 recovery. 874

The “keep for 3 years” row of the challenger’s table; the other rows change the horizon and the final
resale. 875

The challenger rock-breaker kept for 3 years; the n = 1 and n = 2 rows truncate this diagram at their
own resale values. 876

The loader kept for 3 years, priced from the outsider viewpoint. The n = 1 and n = 2 policies truncate
this diagram at their own market values. 878

The pump after tax. Years 1—2 carry the depreciation shield; year 3 does not, because the schedule is
exhausted. 880

The challenger pump kept for 3 years; the n = 1 and n = 2 rows truncate this diagram at their own
resale values. 881

The blower kept for 3 years, priced from the outsider viewpoint. The n = 1 and n = 2 policies truncate

this diagram at their own market values. 883

The slurry pump as the consultant should have priced it: the market value is the year-o invest-
ment. 884

The internal carbon price as an 8-year annual cost line on the crusher hall’s gensets. 886

Motor S: low price, heavy energy, and a disposal cost at the end. 888

Motor P: higher price, lighter energy, and a recovery payment at the end. 888

The ““keep 2 years” row of the base table; each row prices a diagram like this with its own final market
value. 889



D.148
D.149
D.1i50
D.151
D.152

D.153
D.154
D.155
D.156
D.1gy

Compressor D: cheap machine, heavy fuel. 891

Compressor E: expensive machine, light energy. 891

Drive A: purchase, O&M, a year-6 overhaul, and a year-12 disposal cost. 892

Press X with the flow the Al dropped: a licensed-disposal cost at year 10. 893

The heat-recovery unit’s actual cash flows: the carbon line, being unregulated, is not among

them. 894

Option S’s cash flows; each option is annualized before the ratios are taken. 897

The survey drone: installed cost, four years of honest benefits against operating cost, and salvage. 903
The predictive-maintenance system with coverage-scaled benefits. 905

The palletizer as the audit prices it. 907
The rail loop: the same benefit stream against three candidate capital costs, submitted, P50, and
P8o. 910






List of Tables

1.1

1.2

2.2
2.3
2.4

2.5
2.6

3.1

33

The route the course takes through the book. xiii

Robot vs. manual pipeline inspection. The permit fees and site access (gray) are identical for both
options, so they cannot affect the choice. 7

Risk and expected return for three project types. As risk rises, the expected return demanded rises with
it. 8

Excerpt from the i = 7% page. The highlighted row, N = 8, gives (F/P) = 1.7182 and (P/F) = 0.5820.
Note that 1.7182 x 0.5820 ~ 1. 28

Excerpt from the i = 7% interest factor table used for Example 2.9. 29
Excerpt from the i = 7% interest factor table used for Example 2.11. 33
Excerpt from the i = 8% interest factor table used for Example 2.15. 37
Excerpt from the i = 8% interest factor table used for Example 2.18. 40
Excerpt from the i = 10% interest factor table used for Example 2.19. 41

The effective annual rate of a nominal 9% under increasingly frequent compounding. The effective rate
rises with M, but by less and less each step. 57

The amortization schedule of the flotation-line loan (Example 3.5). Each row applies Equation (3.7):
interest on the previous balance first, principal with the remainder. The interest column shrinks as the
balance falls. 64

Bracketing the unknown monthly rate of Example 3.6: the target factor 30.5085 falls between the 0.75%
and 1% rows. 66

Excerpt from the i = 8% factor table used for Contract B in Example 4.4. Contract A’s rate, 2.857%, is
not a table rate, so its factor is computed directly. 83



5.1
5.2

5.3
5.4

9.1

10.1
10.2

10.3

10.4

10.5

10.6

10.7

Discounted-payback ledger for the inspection robot at 10%. The cumulative row first turns nonnegative
during year 5. 99

Excerpt from the i = 12% interest factor table used for Example 5.3. 101

The full screening ledger for Example 5.5: undiscounted and discounted cumulative rows at 10%. 103
Project balance of the retrofit at 12%. The balance turns nonnegative during year 5; the terminal entry
equals the NFW. 105

Excerpt from the i = 8% interest factor table used for Example 6.2. 131

Trial rates for Example 7.3. The sign of PW changes between 18% and 20%. 160
Sign-change classification for Example 7.4 (amounts in SAR). 162

Data for Example 7.11. 174

Data for Example 7.12. 176

Raw ratios and present worths for the three designs. The largest ratio (A3) and the largest present
worth (Az2) disagree. 196

The same plant at three social discount rates (millions of SAR). The verdict survives, but the margin
shrinks by a factor of sixteen between 2% and 7%. 201

The AACE 18R-97 cost estimate classification matrix for the process industries (summarized). The
maturity of the project definition is the sole determinant of the class; usage, method, and accuracy
follow from it. 214

The cost basis of the flotation cell: everything required to place it in service. 232

The straight-line schedule for the flotation cell. The book value steps down by 9,000 SAR each year and
lands exactly on the salvage value. 234

The DDB schedule for the flotation cell. The year-5 charge is capped by the salvage floor so that the
book value never drops below S = 5,000 SAR. 235

The DDB-with-switch schedule. In year 4 the straight-line candidate first exceeds the DDB candidate,
so the schedule switches and stays. 236

Three depreciation schedules for the same flotation cell. Every column of charges sums to the depreciable
amount of 45,000 SAR. 238

MACRS property classes. Real property (buildings) is depreciated straight line over the long periods;
land is never depreciated. 239

MACRS recovery allowance percentages under the half-year convention. Each column sums to 100%,
so the full cost basis is recovered. 240



10.8

10.9
10.10

10.11

10.12

10.13
10.14

11.1

11.2

11.3

11.4

11.5

11.6

12.1

12.2

12.3

12.4
12.5

The MACRS schedule for the bagging equipment: six tax years for a 5-year class, and the charges sum
to the full cost basis. 241

A progressive schedule taxes each bracket separately; the total tax is the sum of the bracket taxes. 244
The income statement of one operating year, extended by the depreciation add-back to reach the cash
flow. 245

The with-vs-without comparison. Depreciation moves no cash of its own, but it cuts the tax cheque by
tD. 246

The operating pipeline of the bagging line. Every operating year contributes 25,500 SAR after tax. 249
Excerpt from the i = 10% interest factor table used for Example 10.12. 250

The 7-year MACRS schedule on the $970 million of adsorption capital, with the 28% tax shield of each
charge. Entries are rounded to $0.1 million; the totals are exact. 252

The cash flow tableau for the flotation module. The top block is the income statement; the lower block
adds back depreciation and lays in the investing flows. Only the bottom row is discounted. 266
The loan amortization. Interest falls and principal rises each year; only the interest column earns a tax
shield. 271

The financed (equity) cash flow. The year-o outflow drops to 90,000 SAR because 60,000 SAR is bor-
rowed. *The interest costs int, (1 — t) after its own shield: e.g. year 1 6,000 (0.80) = 4,800 SAR. 271
The actual-dollar operating pipeline. Taxable income climbs faster than 5% because the fixed deprecia-
tion charge shields a shrinking share of a growing income. 273

The equity-view tableau for the bagging plant. The MACRS charges front-load the shield, so the early
ATCFs are largest before the schedule tapers. 275

The financed-view tableau: each operating ATCF is reduced by the after-tax interest and the principal;
year 5 still carries the WC recovery and net salvage. 276

Excerpt from the i = 10% interest factor table. These two factors do all the work of this chapter’s running
example. 288

One-way sensitivity of the crushing unit’'s PW. Each row varies one input; every other input stays at
base. 289

The inputs of the crushing unit ranked by total PW swing across +=20%. Sorted this way and drawn as
horizontal bars, the ranking is called a tornado chart. 291

The scenario table for the crushing unit: one present worth per coherent story. 295

The financing mix behind the 20 million SAR raise. The blended charge is the firm’s cost of capi-
tal. 298



12.6

12.7

13.1

13.2

14.1

14.2

14.3

14.4

15.1

15.2

15.3

16.1
16.2

16.3

16.4

A firm-policy table of risk-adjusted MARRs for Wadi Phosphate, whose cost of capital is 9.6%. The
premium is a standing charge for uncertainty, graded by how far the project strays from what the firm
already knows how to do. 298

Levelized cost of hydrogen and break-even selling price by production pathway, from Curcio (2025), in
US dollars. Each break-even price is a PW = 0 solve with the selling price as the unknown. 301

The joint table. Each joint is prior x reliability; the column sums are the marginal probabilities of each
survey result. The four joints sum to 1. 316

The posterior probabilities. A ““favorable” report lifts the high-grade probability from the prior 0.55 to
0.80; an ““unfavorable” report drops it to 0.25. Each column sums to 1. 316

The crushing unit’s input distributions. The triangular parameters are the pessimistic, most-likely, and
optimistic scenario values of Example 12.5; the salvage keeps only its bounds; the firm quote stays a
point. 329

The four possible futures of the two-input crushing unit. Correlation does not change these worths; it
changes their probabilities. 331

Ten preset draws from the crushing unit’s input distributions, priced one by one with (P/A,10%,5) =
3.7908 and (P/F,10%,5) = 0.6209. Each row is one iteration of the loop. 333

Summary of 10,000 iterations of the crushing unit model, drawn independently and then with an
adverse revenue—cost correlation. Same distributions, same model; only the pairing changed. 335

The four standard real options with their minerals-industry forms. Each one either truncates a downside

or opens an upside, and each is exercised only after information arrives. 349

Rollback of the two-year deferral option. At every interior node the option value is the larger of exercising
and continuing; bold marks the choice taken. 352

One deferral, four defensible-looking valuations. The framework must be chosen and declared, and its
two ingredients, probability and rate, must come from the same framework. 355

Clearing the books for the ore-transfer truck. Three of the four numbers never enter the analysis. 367

The challenger’s economic-service-life table at 10%. The capital column falls, the operating column
rises, and their sum bottoms out at N = 3. 373

The one-more-year ledger for the defender. The marginal cost climbs each year, as it should for an aging
truck, but never reaches the challenger’s benchmark of 30,094 SAR per year. 376

The same replacement comparison before and after tax. The verdict survives; the margin tight-
ens. 379

The regression coefficients of Al-Chalabi (2022) read as a sensitivity ranking: months of economic
replacement time per one-percent change in each input. 382



17.1

18.1

19.1

19.2

19.3

19.4

20.1

20.2

20.3

21.1
21.2

21.3
21.4

21.5
21.6

21.7

Three regimes for an externality. Moving an item up this table (from disclosure toward regulated price)
is a policy act, not an engineering one. 397

The concentrator-siting decision matrix. Every judgment in the analysis is visible in this table: the
scores in the body, the weights in the second column, and the verdict in the last row. 415

The inspection robot’s installed cost basis. The vendor’s quotation is barely more than half of it, and the
sunk study is excluded entirely. 432

Converting the deburring cell’s four claimed metrics to cash. The vendor priced created capacity at full
margin, took the brochure scrap delta, monetized injuries generously, and sold a night shift with no
demand. The honest column keeps only cash the firm stops paying. 434

The learning-curve budget for eight robot integrations at ¢ = 0.85. Doublings, n = 1 — 2 —
4 — 8, multiply the unit cost by 0.85 each time; the highlighted row is the first deployment under
100,000 SAR. 440

Utilization sensitivity for the inspection robot. The project lives in the narrow band between the pilot’s
measurement and the engineering ceiling; the vendor’s row is not achievable. 445

Inaccuracy of construction-cost forecasts in constant prices (Flyvbjerg, 2006, Table 1). All three averages
differ from zero with very high statistical significance. 455

The heap-leach sensitivity table completed in both directions (capital shown at the symmetric £10%).
Each of the three downside cases, absent from the memo, takes the present worth negative. 462
Applicable optimism-bias uplifts, constant prices (Flyvbjerg, 2006, Table 4). *Ranges from a prior UK
study without full distributions. The 50% level suits portfolio investors whose overruns and underruns
offset; the 80% level is what the UK requires for stand-alone funding decisions. 462

The FV grid for the research fund. The deposit is entered negative because it is money paid out. 474
The PV grid. The future amount is positive (money in), so the present equivalent comes back negative
(money out). 475

One function, two factors. Row 2 uses the pv argument; row 3 skips pv with a 0 and uses fv. 476
The RATE grid. Taking the payment stream means giving up the lump sum, so the 200,000 SAR enters
negative and the 28,000 SAR positive. 477

The NPER grid. Any pair of amounts in ratio 1:2 works; the function only sees the ratio. 477

The input block of the loan sheet. Entering the loan as -B1 inside PMT flips the convention so the
payment displays positive, which is more natural inside a cost table. 479

The amortization schedule for the conveyor loan (columns: year, payment, interest, principal, balance).
Interest falls and principal grows, while the payment stays constant. 479



21.8

21.9

21.10

21.11

21.12

21.13

21.14

21.15

21.16
21.17

21.18

21.19

21.20

21.21

21.22

21.23

The evaluation column for the retrofit. Note the asymmetry: NPV’s range starts at year 1 and the year-o
cell is added outside; IRR’s range starts at year o. 481

The PW profile of the conveyor drive as a rate column. The sign changes between 15% and 20%, the
same bracket the hand method found. 483

The ranking paradox in five rows. Column D is built by subtraction, and its IRR is the incremental
rate. 484

The flotation cell under SLN and DDB. Both columns sum to the depreciable amount of
45,000 SAR. 486

The MACRS sheet: the tax authority’s percentages typed in column B, one multiplication in column C,
a running book value in column D. 487

The operating ATCF table for the bagging line. Columns E-H are formulas; only the estimates in B-D
are typed. 488

The crushing-unit base sheet. Row 8 uses PV with both a payment and a future value; the leading
minus signs convert the paid-out convention into a plain present worth. 489

The one-variable Data Table for revenue. Column D holds the candidate revenues; column E fills with
the recomputed PW. 490

The scenario table: one coherent story per row, one PW per story. 491

The AEC(N) sheet for the ore-transfer truck. Columns D-F are three formulas filled down four
rows. 492

Ten fixed trials of the crushing unit. In the live workbook, columns B and C hold =RAND() and every Fg
redraws the whole grid. 495

The pilot-plant tree as a grid (payoffs in million SAR). Row 4 is the chance node, one SUMPRODUCT
per column; column D applies the second-stage MAX before the probabilities are applied. 497
The LCOE calculator. Row 8 is the (A/P) annualization as a PMT call; row g divides by the energy and
adds the per-kWh fuel. 498

An AACE-style estimate-class table for the VLOOKUP, placed in columns D-F beside the pipeline. The
accuracy ranges follow the published class definitions; the contingency column holds representative
course values — each organization calibrates its own. 501

The estimation pipeline: scale, escalate, add contingency. The class table of Table 21.21 sits in
D2:F6. 501

Every method in the book mapped to its spreadsheet counterpart, with the section where the hand
method lives. 504



	I Foundations of Economic Decision-Making
	Engineering Economic Decisions
	What Engineering Economy Is
	Why This Matters: An Opening Story
	The Rational Decision-Making Process
	Types of Strategic Engineering Economic Decisions
	The Four Fundamental Principles
	Projects and the Firm's Financial Statements
	Case Study from the Literature
	Chapter Summary
	Exercises

	The Time Value of Money
	Why Money Has a Time Value
	Interest: The Cost of Money
	The Elements of an Interest Transaction
	The Cash Flow Diagram (CFD)
	Two Ways to Calculate Interest
	Economic Equivalence
	The Single-Payment Factors
	How to Read the Interest Factor Table
	Solving for the Rate or the Number of Periods
	Uniform Series: Future Worth and Sinking Fund
	Uniform Series: Present Worth and Capital Recovery
	Gradient Series
	The Strategy for Composite Cash Flows
	Case Study from the Literature
	Chapter Summary
	Exercises

	Money Management: Nominal and Effective Rates, Loans, and Financing
	Nominal and Effective Interest Rates
	Continuous Compounding
	The Effective Rate per Payment Period
	Amortized Loans
	Add-On Loans and the True Cost of a Quote
	Mortgages and the Refinancing Decision
	Debt, Equity, and the Cost of Financing
	Case Study from the Literature
	Chapter Summary
	Exercises

	Inflation and Purchasing Power
	Measuring Inflation: Price Indexes
	The Average Inflation Rate
	Actual and Constant Money
	The Market Rate, the Real Rate, and the Inflation Identity
	The Pairing Rule
	Equivalence Calculations under Inflation
	Inflation, Depreciation, and the Chapters Ahead
	Case Study from the Literature
	Chapter Summary
	Exercises


	II Evaluating Alternatives
	Present-Worth Analysis
	From Loans to Projects: The MARR
	The Conventional Payback Period
	The Discounted Payback Period
	The Net Present Worth Criterion
	Net Future Worth
	The Project Balance
	The Capitalized Equivalent
	Comparing Mutually Exclusive Alternatives
	Case Study from the Literature
	Chapter Summary
	Exercises

	Annual-Equivalence Analysis
	The Annual Equivalence Criterion
	Capital Costs and Operating Costs
	The Capital Recovery Cost
	Building a Full Annual Equivalent Cost
	Perpetual Assets
	Unit Cost and Unit Profit
	Levelized Cost: The Annual-Equivalence Idea at Grid Scale
	Make-or-Buy Decisions
	Break-Even Usage Between Two Machines
	Comparing Alternatives with Unequal Lives
	Case Study from the Literature
	Chapter Summary
	Exercises

	Rate-of-Return Analysis
	What the Rate of Return Is
	Finding i* by Direct Solution
	Finding i* by Trial and Error
	Simple and Nonsimple Investments
	The IRR Decision Rule
	Multiple Rates of Return
	When IRR Misleads: the Net-Investment Test and the External Rate of Return
	Why the Rate Cannot Rank Alternatives
	The Incremental Method
	Three or More Alternatives
	Service Projects and Unequal Lives
	Case Study from the Literature
	Chapter Summary
	Exercises

	Benefit–Cost Analysis and Public Projects
	Public Projects: Users and Sponsors
	The Benefit–Cost Ratio
	The Profitability Index
	Mutually Exclusive Alternatives: The Incremental Ratio
	Valuing Benefits and Disbenefits
	The Social Discount Rate
	A Full Public Example: Coastal Desalination
	A Distributional Remark
	Case Study from the Literature
	Chapter Summary
	Exercises


	III Building Real Cash Flows
	Estimating Costs: From Engineering Data to Numbers
	Cost Concepts: A Vocabulary for Estimating
	Estimate Classes: How Good Is This Number?
	Estimation Methods: From Analogy to Takeoff
	Escalation: Bringing Old Numbers to Today
	Contingency and Management Reserve
	Estimate Bias: A Pointer
	Case Study from the Literature
	Chapter Summary
	Exercises

	Depreciation and Income Taxes
	Depreciable Property, Cost Basis, and Book Value
	Book Depreciation and Tax Depreciation
	Straight-Line Depreciation
	Declining-Balance Depreciation
	Units-of-Production Depreciation
	Three Methods, One Asset
	MACRS: Tax Depreciation in the United States
	Depreciation and Tax in the Saudi System
	Corporate Income Taxes
	After-Tax Cash Flow
	Gains and Losses on Disposal
	An Integrated After-Tax Evaluation
	Case Study from the Literature
	Chapter Summary
	Exercises

	Developing Project Cash Flows
	The Elements of a Project Cash Flow
	The Cash Flow Tableau
	Working Capital
	Financed and Equity Views of the Same Project
	Inflation in After-Tax Analysis
	Capstone: A Bagging Plant, Both Ways
	Case Study from the Literature
	Chapter Summary
	Exercises


	IV Risk and Flexibility
	Handling Project Uncertainty
	Why Point Estimates Mislead
	The Base Case
	One-Way Sensitivity Analysis
	Break-Even Analysis
	Scenario Analysis
	Expected Present Worth
	Where the MARR Comes From: Cost of Capital and Risk
	Case Study from the Literature
	Chapter Summary
	Exercises

	Sequential Decisions: Trees and the Value of Information
	Decision Nodes, Chance Nodes, and Rollback
	Rollback: A Two-Stage Pilot Decision
	The Value of Perfect Information
	Imperfect Information and Bayes' Rule
	The Value of a Fallible Test: EVSI
	Case Study from the Literature
	Chapter Summary
	Exercises

	Monte Carlo Risk Simulation
	From Three Scenarios to a Distribution
	Choosing the Input Distributions
	Correlation Between Inputs
	The Simulation Loop
	Reading the Output
	Contingency from the Simulation
	When Not to Simulate
	Case Study from the Literature
	Chapter Summary
	Exercises

	Real Options: The Value of Flexibility
	What a Single NPV Assumes
	The Option Zoo, in Minerals
	One Period, By Hand: The Binomial Lattice
	Two Periods: The Value of Waiting Longer
	Abandon and Expand: Flexibility in Operations
	Trees with p or Lattices with q: Which to Use
	Rules of Thumb: When Flexibility Is Worth Money
	Case Study from the Literature
	Chapter Summary
	Exercises


	V Assets over Their Lives
	Replacement Decisions
	Defender, Challenger, and Sunk Costs
	The Opportunity-Cost (Outsider) Viewpoint
	The Challenger, and the Verdict
	The Economic Service Life
	Replace Now or Later: The Marginal Rule
	After-Tax Replacement
	Unequal Lives: AE under Repeatability
	Case Study from the Literature
	Chapter Summary
	Exercises

	Sustainability Economics: Carbon, Life-Cycle Cost, and the Circular Economy
	Putting a Price on Carbon
	When the Carbon Price Flips a Decision
	Life-Cycle Cost Analysis
	Externalities: Three Ways to Handle a Cost Nobody Bills
	The Circular Economy at End of Life
	Carbon-Price Sensitivity: A One-Way Analysis
	Case Study from the Literature
	Chapter Summary
	Exercises


	VI Decision Quality in Practice
	Beyond Money: Multi-Criteria Decision Analysis
	When Money Alone Cannot Decide
	The Additive Value Model
	Weight Sensitivity: The Flip Weight
	Where Do Weights Come From? A Brief, Honest AHP
	Common Abuses of Weighted Scoring
	Cost-Effectiveness Analysis
	Case Study from the Literature
	Chapter Summary
	Exercises

	The Economics of Automation and AI
	Automation Is a Challenger
	The Challenger's Real Cost Basis
	Converting Benefits Honestly to Cash Flows
	The Vendor-ROI Problem
	Fast Obsolescence: Buy Now or Wait?
	The Learning Curve
	Labor: Reallocation and Displacement
	Pilot, Then Scale
	The Inspection Robot, End to End
	Case Study from the Literature
	Chapter Summary
	Exercises

	Why Good Analyses Go Wrong: Behavioral Pitfalls and Forecasting Discipline
	The Planned-versus-Actual Record
	Optimism Bias and Strategic Misrepresentation
	Anchoring
	Sunk-Cost Escalation
	Confirmation Bias in Sensitivity Analysis
	Reference Class Forecasting: The Outside View
	Pre-Mortems, Estimate Reviews, and the Audit Mindset
	Case Study from the Literature
	Chapter Summary
	Exercises

	Software and Tools
	The Five Time-Value Functions
	Loan Schedules
	Project Evaluation: NPV and IRR
	Depreciation and Taxes
	Uncertainty: Data Tables and Goal Seek
	Replacement: The AEC Table
	Simulation in a Spreadsheet
	Rolling Back a Tree in a Spreadsheet
	Levelized Cost and Carbon in a Spreadsheet
	Estimation Sheets
	Good Spreadsheet Habits
	Chapter Summary
	Exercises


	VII Worksheets and Appendices
	Worksheets and Practice Problems
	Worksheet 22.1: Homework 1
	Worksheet 22.2: Quiz 1 (Section F03), Version A
	Worksheet 22.3: Quiz 1 (Section F03), Version B
	Worksheet 22.4: Quiz 1 (Section F03), Version C
	Worksheet 22.5: Quiz 1 (Section F03), Version D
	Worksheet 22.6: Quiz 1 (Section F03), Version E
	Worksheet 22.7: Quiz 1 (Section 01), Version A
	Worksheet 22.8: Quiz 1 (Section 01), Version B
	Worksheet 22.9: Quiz 1 (Section 01), Version C
	Worksheet 22.10: Quiz 1 (Section 01), Version D
	Worksheet 22.11: Quiz 1 (Section 01), Version E
	Worksheet 22.12: Practice Quiz 1
	Worksheet 22.13: Practice Major Exam 1
	Worksheet 22.14: Homework 2
	Worksheet 22.15: Homework 3
	Worksheet 22.16: Quiz 2
	Worksheet 22.17: Practice Quiz 2
	Worksheet 22.18: Practice Major Exam 2
	Worksheet 22.19: Homework 4
	Worksheet 22.20: Quiz 3
	Worksheet 22.21: Practice Quiz 3
	Worksheet 22.22: Practice Final Exam
	Worksheet 22.23: Final Exam (Version A)

	Formula Sheet
	Interest Factor Tables
	Factors at i = 1%
	Factors at i = 2%
	Factors at i = 3%
	Factors at i = 4%
	Factors at i = 5%
	Factors at i = 6%
	Factors at i = 7%
	Factors at i = 8%
	Factors at i = 9%
	Factors at i = 10%
	Factors at i = 12%
	Factors at i = 15%

	Reading Financial Statements
	Glossary
	Solutions to End-of-Chapter Exercises
	Solutions to Worksheets
	Homework 1
	Quiz 1, Section F03 — Master solution key
	Quiz 1, Section 01 — Master solution key
	Practice Quiz 1 — Answer key and select solutions
	Practice Major Exam 1
	Homework 3
	Quiz 2 — Master solution key
	Practice Quiz 2 — Answer key and select solutions
	Practice Major Exam 2
	Homework 4
	Quiz 3 — Master solution key
	Practice Quiz 3 — Answer key and select solutions
	Practice Final Exam
	Final Exam — Version A



