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Preface

Investment decisions are critical part of a company’s success, and capital budgeting
is a central topic of financial management. However, in contrast to other strategic
decisions in business, decisions on capital projects are decentralized, from corporate
to divisions, divisions to operations, from operations to departments. Engineers at
various levels within the organization who make a capital proposal are contributing
to the strategic success of the organization. This book will assist engineers to con-
tribute strategically to the organization, so that they can contribute to the success of
their company and can make a success of their careers.

The purpose of this book is to provide engineers and managers with a working
knowledge of the financial evaluation and the funding of capital projects. Four main
topics concerning capital investment are covered, namely, the context of these deci-
sions, the assessment of their returns, the assessment of their risks, and their funding
and financing. Engineers have developed the field of engineering economics, and
financial managers have developed the discipline of capital budgeting, each with
its own approach and slightly different terminology. This book borrows from both
these disciplines in order to provide engineers with the best possible knowledge
about capital projects.

An important aspect of the approach adopted here is to provide context to the
techniques, methods and concepts of the economic assessment of engineering deci-
sions. An engineer who knows her subject is able to communicate her ideas to peo-
ple of different professions and with different training. An essential part of effective
communication is to understand the other person’s paradigm, to know their basic
assumptions. As a result, it is important to understand the basics of decision mak-
ing, of financial management, and accounting. It is also important to understand the
terminology used by different professions. Part I of the book examines these topics,
which forms the introduction to the economic assessment of an engineering project.

A project is assessed on its economic merits, its profitability. Part IT of the book
covers the techniques and methods of capital budgeting and engineering economics.
In-depth case studies demonstrate the application of these techniques to practical
situations.
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The assessment of the economic merits of a project usually refers to the returns
expected from the project. The cornerstones of finance are risk and return, and it
is essential to address the risk of the project in a discussion of its merits. The risk
is the chance of the expected returns not materializing. The types of risk, such as
stand-alone risk and portfolio risk, for a capital project are examined in Part III of
this book.

It is also important to understand the financing of a project, the sources of finance,
and the structure of financial arrangements such as project finance and public-private
partnerships. Part IV of the book examines both the internal and external sources of
funding and the structuring of the financial and legal relationships that enable the
project to be built.

Intended Readers

This book is designed for use both as an undergraduate textbook for engineers and
as a reference for practising engineers. The material assumes little prior knowledge
of engineering, accounting or financial management. It is intended for use as a text
in undergraduate courses on either engineering economics or financial management.
It may also be used in an engineering design course where the financial implications
of design are under discussion.

This book has been designed to accommodate all branches of engineering. Ex-
amples and case studies have been drawn from as wide a range of the engineering
disciplines as possible. For example, there are case studies on, amongst others, hy-
droelectric power, pumping stations, toll roads, mining, processing technologies,
and petroleum production. In addition, these examples cover different geographies,
such as the US, the UK, Australia and Brazil, so that this book is relevant to the
experience of engineers across the World. Another important example of this is that
the difference in the accounting terminology used in the US and the UK for the
preparation of financial statements is examined, and a translation table is provided
as an Appendix.

Educational Package

The organization of the themes and the major topics of the book is shown in the
diagram. A number of different courses can be derived from this book. An Introduc-
tory course in Engineering Economics might include a topic from the Part I as an
introduction, and then focus on Part II, in which the evaluation of capital projects is
discussed in detail. A more advanced course in Engineering Economics could select
Chaps. 1 and 4 from Part I, move through Part II and end with Part IV. A course
with the title of this book, Finance for Engineers, might cover the material in Part I,
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Part I, Chapter 11 from Part III, and then end with Part IV. An advanced course in
Financial Management for Engineers might cover all the topics.

Since this book is intended as a textbook and a reference, each chapter includes
numerous worked examples and case studies. Each chapter also includes review
questions and tutorial exercises. The review questions are designed to emphasize

ORGANIZATION OF THEMES AND MAJOR TOPICS

Pal't I Overview Financial Management
. Evaluation of Capital Projects Organizational decision making
Foundatlons Financing of Capital Projects Proposals for capital projects
Ch1 Ch2
Business process Project Cash Flows
Accounting Principles Engineering Design and the
Financial Statements i ion of Capital
Ch4
Part " Time Value of Money Evaluation Criteria for Capital Projects
. Interest Rates Di d Cash Flow Te i
Evaluatlon Annuities Accounting Techniques
Chs Ché
Mutually Exclusive Projects Inflation
Equipment Replacement Taxation
Capital Rationing Discount Rate
Ch7 Chsg
Decision analysis
Sensitivity analysis Extended Case Studies
Scenario analysis

Pa I't I " Risk and return Cost of Capital
. Modern portfolio theory Cost of equity
Rlsk Assessment Capital Asset Pricing Model Cost of debt
Ch 11 Ch 12

Monte Carlo simulation
Risk-adjusted discount rate
Certainty equivalent

Decision-Tree Analysis
Detailed Case Study
Ch 14

Ch 13
Real options analysis
Financial options
Detailed case studies
Ch 15
Part IV Financial Markets Proj :
N roject Finance
F' H Sources of Finance Public-Private Partnerships
|nanc|ng Types of Loans
Ch 16 Ch17
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the concepts that are covered in the chapter, while the exercises allow the reader to
practise the application of the techniques discussed in the chapter. Worked solutions
to almost all of the exercises are included in an Appendix.

Spreadsheet solutions of all the questions and the case studies presented in the
book can be obtained from the website (www.springer.com/978-1-84800-032-2).
These solutions provide learners and facilitators with hands-on material to ensure
a more thorough understanding of the material. PowerPoint slides for the swift de-
velopment of course material are also available on the website.

A detailed glossary of the important terms used is also provided as an Appendix.
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Part I
Foundations



The engineering design and business assessment of capital projects are intertwined
with another. The business and the engineering aspects of investing in a capital
project form the foundations for financial planning and capital budgeting. The busi-
ness context includes the roles and responsibilities of the financial management of
a company, the sources and use of funds, and the decision-making functions within
a company. An understanding of accounting, particularly of the financial statements,
is important in determining the effects of capital investments on the financial health
of the company. The purpose of an engineering design is twofold: to enable the
project to be built and to estimate the cost to build it. In this way, the engineering
design plays a central role within a company by determining the financial require-
ments of a project and by ensuring its successful implementation.

The foundation for the evaluation of capital projects is an understanding of the
components of the cash flows of a project. Chapter 1 provides an overview of eval-
uation and financing activities and an introduction to the main themes and topics of
the other chapters. Particularly important in Chapter 1 are the concepts of project
financials and of free cash flow. After this overview, the foundation topics are ex-
amined. Chapter 2 is a discussion of the context within a company for decision-
making concerning capital projects. Chapter 3 presents the financial statements of
a company. The development of the free cash flows for the project is discussed in
Chapter 4. A full appreciation of the components of the cash flows often requires
an understanding of the financial statements of a company and an understanding
of engineering design. The integration of the engineering design with the decision-
making process within a company is discussed in Chapters 2 and 4.



Chapter 1

An Overview of the Evaluation
and Financing of Capital Projects

1.1 Evaluation and Funding of Projects

The activities of a company can be seen as a collection or a succession of projects.
These projects involve the acquisition of assets and the operational use of these as-
sets for production. For example, an oil company will acquire lease rights for an area
of land, explore for oil, drill wells, and produce oil from the wells for a number of
years. This may be the only activity, or one of many of the activities, that constitute
the company. As such, the project is the basic unit of activity for a company.

Projects range from those that are large relative to the size of the company to
those that are relatively small. Usually, the company engages in lots of smaller
projects, such as the replacement of ageing equipment, and fewer large projects,
such as the construction of a new production facility or the building of a high-rise
office block. The decision-making process for projects is usually decentralized, so
that the evaluation and approval of a project is performed at a level of authority
appropriate to the size of the project.

The evaluation of a project is a multidisciplinary task, and is not solely the do-
main of any one of the professions or of management. It involves elements of engin-
eering economics, capital budgeting, financial management, and strategic planning.
It is performed by a variety of members of staff throughout the organization who
may have different professional approaches. Many companies standardize the pro-
cedures for the evaluation of projects. However, these methods differ from company
to company, indicating that there is no consensus between different companies on
the best methods to adopt. There are also slight differences in terminology and no-
tation within the different disciplines. All these different approaches have been used
in this book in order to provide students and practitioners with a thorough and clear
understanding of evaluation procedures. An integrated approach allows employees
and management at the different levels and functions to have a common basis for
communication and decision-making where analysis and decision-making occurs.

The funding of large capital projects, either from the internal resources of the
company or by raising additional finance from external sources, is the field of cor-
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porate finance and investment banking. However, because engineers are integrally
involved in capital projects, it is important for them to understand the basic mech-
anisms of finance for these large projects. This includes a clear understanding of
return and risk from the viewpoint of both the company’s investors and the financial
markets.

The aim of this chapter is to provide an overview of the evaluation and the fund-
ing of projects. The evaluation of a project is comprised of forecasting the project’s
financials and evaluating these financials based on decision criteria. The financials
for a project are discussed in the next section, and after that the evaluation of these
project financials are discussed.

1.2 Project Financials

In order to assess the merits of a project, the engineer or manager must determine the
project’s ability to consume and produce cash for each year of the project’s life. In
other words, they must determine the project’s cash flow. The project financials rep-
resent the forecast of the project’s cash flow for each year of the life of the project.
Broadly, the components of the cash flow are the capital expenditure, the revenue
generated, the costs incurred in generating the revenue, the taxes paid and the work-
ing capital requirements. A forecast of these values and their timing is needed to
calculate the cash flow for each year of the project’s life and to prepare the project
financials.

There are five basic inputs to the project financials. Each component is discussed
separately as follows:

1. Revenue. The revenue is the money that flows to the project because of the
project’s activities. Consider the following simple example. The project aims
to sell 100,000 items per year at $1.50 per item. The total revenue is $150,000
per year. The projections of revenue may be based on marketing data and fore-
casts or on contractual agreements.

2. Costs. These are the operating and overhead costs of the project. Operating costs
are those costs that are incurred in the direct manufacture of the items. They
include the costs of purchasing the raw materials, the energy, and the labour re-
quired for manufacturing the company’s products. These costs vary with the
amount of production; as a result, they are sometimes called variable costs.
Overhead costs are those that are not operating costs, such as those arising from
administration and from selling and marketing. Overhead costs generally do not
vary with the amount of production. If this is the case, they are also referred to
as fixed costs.

3. Taxes and royalties. The taxes are the charges made by the government, such as
income tax and capital gains tax. Royalties may be charged by the government
for the use of a natural resource, such as in mining or oil production.

4. Capital expenditure. The sum of money required to develop and install a manu-
facturing facility is the capital expenditure. The capital expenditure is also re-
ferred to as the fixed capital in order to distinguish it from working capital.
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5. Working capital. Working capital is the net amount of money required for stock,

debtors and creditors.

These inputs are used to calculate the cash flow and the free cash flow. The cash
flow in a year is equal to the revenues less the costs less the taxes and royalties.
The free cash flow is the cash flow less the capital expenditure and the working
capital requirement. The development of the financials for a project, including the
calculation of the cash flow and the free cash flow, is illustrated in the following

example. The example is fictitious but is based on a real case.

Table 1.1 Projected profiles for the capital expenditure and power supplied for the Santa Clara

Example 1.1: Project financials for the Santa Clara Hydroelectric Power Scheme.

A number of power outages have occurred recently in Northern Brazil due to an unantici-
pated increase in demand in the region. The local government is soliciting bids to produce
power from a new hydroelectric dam to be built on unoccupied state property. A power sup-
ply company has been approached to bid in a consortium with two other companies. These
other two companies are consumers of electricity, and wish to secure supply for their own
long-term needs.

The company’s projects department has studied the Santa Clara project. The hydroelec-
tric power scheme (HEPS) will deliver 460 MW of power, and will sell the electricity at
$40/MWhr. It will be built at a total cost of $481 million. The costs to build the hydroelec-
tric scheme are scheduled to occur over the next seven years, as shown in Table 1.1. The
project will begin to generate electricity in the fifth year, before the dam is completely built.
As the project nears completion in the sixth and seventh year, the production of electricity
increases, as shown in Table 1.1. The costs to operate the facility are $4.4 million per year
from the year that electricity generation begins. The state wishes to encourage private in-
vestment in infrastructure. It has provided a zero rating for income tax for the life of the
project to act as an incentive for private investment.

It has cost the company about $4 million in management time, engineering costs and legal
fees to date. Is this a good project for the company? Should the company join the consor-
tium?

Solution:

Before these questions can be answered, it is necessary to determine the project’s ability to
consume and generate cash. This is done by preparing the project financials for the project.

HEPS
Year Capital expenditure Available power
US$ M MW

1 10 0

2 75 0

3 78 0

4 114 0

5 141 314

6 60 448

7 4 460

Total 482
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Revenue

The revenue generated by the project is determined by the units of good or services sold
and the price per unit received.

The amount of power generated at Santa Clara is expected to be 460 MW, and the received
price is expected to be $40/MWhr. If the hydroelectric power plant operates for the entire
year without stop, and all the electricity generated is purchased by customers, then the
revenue each year of full production is $40/MWhr x 365 days/year x 24 hr/day x 460
MW = $161.2 million. The revenue for the first ten years of the Santa Clara project is
shown in Table 1.2.

Costs

The operating costs are the costs incurred in the production of the product. These consist,
for example, of raw materials, labour, utilities and operating supplies. The operating costs
for Santa Clara are estimated to be $4.4 million per annum. The operating costs for the first
ten years of the Santa Clara operations are shown in Table 1.2.

Taxes and Royalties

The Santa Clara HEPS has the feature that profits will not be taxed due to the unique cir-
cumstances of this project. Typically, tax is usually charged as a proportion of the taxable
income. The income, also referred to as profit or earnings, is the revenue less expenses and
depreciation. Income tax, depreciation and other accounting concepts are discussed in more
detail in the Chapter 1.3.

Although income tax is not charged, a royalty is charged by the regional government for the
use of the land at a rate of 2% of revenue. This is reflected in the project financials in the
line labelled “Taxes and royalties.”

Cash Flow

The cash flow for the project represents the actual cash consumed or generated by opera-
tional activities. The cash generated by the project is the revenue less the operating costs
less the taxes and royalty to the regional government for the use of the land. The anticipated
cash flow for the first ten years of the Santa Clara operations is shown in Table 1.2.

Capital Expenditure
The fixed-capital investment for Santa Clara is the amount of money that must be invested
in the construction and installation of the entire power scheme. Land has to be purchased

from the state, a dam has to be built, and the turbines and power lines have to be installed
before power can be delivered and revenue produced.

Table 1.2 Projected revenue, operating costs and cash flow for the Santa Clara HEPS

Year 1 2 3 4 5 6 7 8 9 10

Revenue 00 00 0.0 0.0 109.6 156.3 161.2 161.2 161.2 161.2
Costs 00 00 00 00 44 44 44 44 44 44
Taxes and royalties 00 00 0.0 00 22 31 32 32 32 32

Cash flow from operations 0.0 0.0 0.0 0.0 103.0 148.8 153.6 153.6 153.6 153.6
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Table 1.3 Projected free cash flow for the Santa Clara HEPS

Year 1 2 3 4 5 6 7 8 9 10

Cash flow 00 0.0 00 0.0 103.0 148.8 153.6 153.6 153.6 153.6
Capital investment 100 749 778 1142 140.6 603 38 0.0 0.0 0.0
Free cash flow —10.0 —74.9 —77.8 —114.2 —37.6 88.6 149.8 153.6 153.6 153.6

Working Capital

The working capital for a manufacturing facility is the net amount of money invested in
raw materials in stock, finished goods in stock, monies owed to suppliers, employees and
taxes, and monies owed by customers. The working capital investment for Santa Clara is
negligible: power cannot be stored, and there is only a small delay in the payment for power
supplied to bulk consumers.

Free Cash Flow

The free cash flow of the project is the cash flow generated by operational activities of the
project less the cash consumed due to investment in fixed and working capital. It repre-
sents the net cash available. (The terms introduced up to now are similar to those found in
accountancy. Free cash flow is a financial management and corporate finance term, rather
than an accounting term.) The free cash flows generated by the Santa Clara project for the
first ten years of operations are shown in Table 1.3.

Project Financials

The project financials represent the forecast of the cash flow and free cash flow for the
project over the life of the project. The project financials for the Santa Clara HEPS are sum-
marized in Table 1.4. An examination of the values in Table 1.4 shows that the free cash
flow is negative for the first five years and positive after that. This means that the project
consumes cash for the first five years, and after this, the project generates cash for the own-
ers.

Table 1.4 Project financials for the Santa Clara HEPS

Year 1 2 3 4 5 6 7 8 9 10

Revenue 00 00 00 0.0 109.6 156.3 161.2 161.2 161.2 161.2
Costs 00 00 0.0 0.0 44 44 44 44 44 44
Taxes and royalties 0.0 00 0.0 0.0 22 31 32 32 32 32
Cash flow 00 00 00 0.0 103.0 148.8 153.6 153.6 153.6 153.6

Capital expenditure 100 749 778 1142 140.6 603 38 0.0 0.0 0.0

Free cash flow —10.0 =749 —77.8 —114.2 —37.6 88.6 149.8 153.6 153.6 153.6
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1.3 Evaluating the Project Based on Free Cash Flow

The evaluation of a project is concerned with determining the merits of the project.
This evaluation is an assessment of the soundness of the business, of whether the
project is economically favourable. Some of the factors that are important to assess
are the following: that there is a strategic fit of the project within the company’s
current business; that there are opportunities for the products of the project in the
market; that the project is economically viable; and that the project is technically
feasible. The outcome of the evaluation should be an assessment not only of the
intrinsic value of the project proposal but also the suitability of the project within
the context of the company.

The economic viability of the project is assessed on its free cash flows. The free
cash flow is the amount of money that the business generates or consumes. If it
generates money, it has a positive free cash flow. Money generated by the business
is available to the owners of the business. It can be distributed to the owners as
dividends or it can be re-invested in the business. If the business consumes money,
the free cash flow is negative. This represents a shortfall in cash, and the managers
need to make up this shortfall either by getting money from the owners or by getting
it from lenders who loan the money to the company.

The project financials for the Santa Clara HEPS (given in Table 1.4) indicate that
the project will consume cash for the first five years, while the dam and hydroelectric
scheme are being constructed. This is because the free cash flow is negative in these
years. Only after that will it begin to produce cash. The owners invest the capital and
have to wait for the project to make returns. This represents a risk to the owners. The
owners of the business must be rewarded for taking on this risk. The returns must
therefore be sufficient for investors to risk their money. As will be discussed in later
chapters, the value of a project depends on the amount, timing and risk of the free
cash flows generated by the project.

The free cash flows are used to calculate measures of the economic attractiveness
of the project. These measures can be used as decision criteria to determine whether
a project should be recommended for approval. There are a number of measures of
the economic attractiveness. Some of these are the payback period, the return on
investment, the net present value and the internal rate of return. These criteria, and
others, are discussed in detail in Chapter 6.

One useful way of analysing the free cash flow is to determine the cumulative
free cash flow, which is the sum of the free cash flows for all the prior years. The
cumulative free cash flow represents the total cash position of the project at that
point. Initially, a typical project shows a negative cash position due to the construc-
tion and set-up costs. As the project begins to generate and accumulate cash, the
cumulative cash position will gradually become more positive. The time taken for
the cumulative free cash flow to reach zero is known as the payback period.

In the following example, the calculation of the cumulative cash position and the
payback period are demonstrated for the Santa Clara project.
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Table 1.5 Cumulative free cash flow for the Santa Clara HEPS
Year 0 1 2 3 4 5 6 7 8 9 10

Free cash flow —10.0 —74.9 —77.8 —1142 —37.6  88.6 149.8 153.6 153.6 153.6 153.6
(FCF)

Cumulative ~ —10.0 —84.9 —162.8 —277.0 —314.6 —226.0 —76.2 77.4 230.9 384.5 538.0
FCF

500
400 T
300 T
200 T
100 T

Free Cash Flow, USD millions
o

-100 +

-200 T

-300 T E—=Free Cash Flow

400 + —— Cumulative FCF
——-Revenue

-500 | : : : + + + + +

1 2 3 4 5 6 7 8 9 10
Year

Figure 1.1 The projected free cash flow and cumulative free cash flow generated by the Santa
Clara Hydroelectric Scheme

Example 1.2: The payback period for the Santa Clara HEPS project.

This example is a continuation of Example 1.1. Determine the cumulative cash position and
payback period for the Santa Clara HEPS.

Solution:

The cumulative cash position is determined by summing the free cash flows for all the
previous years. This is equivalent to the running total of the free cash flows. The cumulative
free cash flow for the Santa Clara operation is given in Table 1.5.

The free cash flow and the cumulative free cash flow for each year are shown in Figure 1.1.
The point at which the cumulative cash position changes from negative to positive represents
the time taken for the project to “pay back” the entire investment in the project. At this
point, the project has generated as much cash as it initially consumed. The payback period
represents the length of time the investor in the project must wait to retrieve his or her
investment from the project. In other words, this is the amount of time until the investor
“breaks even.”

The payback period for the Santa Clara Hydroelectric Scheme is close to seven years. Is this
a good opportunity? Is it good, considering that the life of the Santa Clara Hydroelectric
Scheme is expected be 35 years?

Is it is worth building the hydroelectric scheme? Implicit in this question is the al-
ternative to do nothing. In the absence of any evidence to the contrary, it is assumed
that these consequences will not negatively impact on the company’s current busi-
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ness and its owners. Thus, the decision is a “yes/no” decision; either the company
invests, or it does not. Many investment decisions are of this type, whereas decisions
regarding the replacement of equipment are of the “either/or” type. For example, if
the turbines need to be replaced because they are at the end of their lives, this repre-
sents an “either/or” decision; they are replaced now or they are replaced later.

The project is clearly a strategic fit with the company’s current business, that is,
the generation and supply of electricity to customers. Since there are power outages,
the market must be undersupplied. The company’s strategic planning department
confirms that the market is unlikely to be in oversupply by the time the project comes
online. The merits of the proposal can therefore be judged on economic grounds
alone.

For the project to be economically viable, the benefits that are expected to accrue
are greater than the costs of the project. In the case of Santa Clara HEPS, the costs
are associated with capital and operating costs, and the benefits with the revenue
generated. The net benefit, which is the difference between the benefits and the
costs, is the free cash flow available from the project. The free cash flow is the
annual net benefit. There are a number of methods for assessing the overall benefit
of a project from the annual benefits, that is, from the free cash flow. One of these is
the payback period.

The payback period is amongst the oldest of the criteria used for the analysis of
the investment decisions. It has the advantage that it is measured in units of time,
which are intuitively understood. However, there is no prescription for what a good
payback period is. In addition, the money that is promised in the future is less valu-
able than cash that is actually in hand now. This concept, called the time value of
money, is discussed in further detail in Chapters 5 and 6. The payback period method
does not account for the time value of money.

For Santa Clara, the length of the project is much longer than the payback pe-
riod. Based on this, the Santa Clara project appears to be a good investment in the
long-term. The payback period is one amongst many other investment criteria that
can assist management and investors in deciding whether a project is suitable for
investment.

Another useful method of analysis of the project’s financials is the return on
investment. The return on investment is a measure of the project’s ability to generate
funds for its investors. For the Santa Clara project, the return on investment can be
defined as the ratio of the annual income to the investment costs. The annual income
at full capacity is $161.2 million, while the total investment cost is $481.6 million.
The return on investment is therefore equal to 33.5% = 161.2/481.6 = 0.335. This
return can be compared with that of other business opportunities to determine if
this is the most profitable opportunity available to the company for the use of its
resources.

The project financials, determined by establishing the free cash flow for each
year of the life of the project, and the decision criterion, such as the payback period,
are the foundations of engineering economics and capital budgeting. The statement
of the project financials is not the same as the financial statements prepared by
accountants (even though some of the line items have similar names to those used
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in accountancy, such as revenue). The accounting statements establish the profit of
the company and summarize the financing of the company. The project financials
forecast the project’s ability to generate free cash flow. The relationship between
the two is explored in Chapter 3. The details of determining the components of the
project financials are discussed in Chapter 4.

Three important principles for the assessment of capital projects are briefly dis-
cussed in the following three sections. These principles are as follows: (i) the as-
sessment is based on cash flow rather than on profit; (ii) the investment decision is
assessed independently of the financing of the project; and (iii) the project is as-
sessed on future cash flows without regard for past expenses.

1.4 Profit (or Earnings) is Not Required for the Assessment
of the Project

The profit, or earnings, is the difference between the revenue (or income) and the
expenses (or costs) including taxes and other items such as depreciation. The project
financials for the Santa Clara HEPS did not mention the profit. The concept of profit
is not relevant to the evaluation of the project. This is because profit includes non-
cash items, such as depreciation and amortization. The topics of profits, depreciation
and amortization will be treated in some detail in Chapter 3. The economic evalu-
ation of the project is based on the cash flow of the project that represents actual
monetary transactions.

1.5 Investment Decision Precedes the Financing Decision

The analysis of the Santa Clara project included no reference to the mechanisms
or cost of financing the project. For example, if the project were to be financed by
a loan, there would be interest charges that impact on the costs. These costs were
deliberately ignored for the following reason. There are two decisions that need to
be made: Firstly, is this an economically worthwhile project? Secondly, if it is, how
is it to be funded? The decisions are separated in order to clarify and simplify the
decision-making process. The project is evaluated as if the project is completely
owned by the company and entirely financed from the company’s own resources.
This is referred to as the “entity basis.” The investment decision is made on this
basis. If the project is evaluated with the interest for loans included, it is referred
to as the “equity basis.” The reconciliation of the two approaches is discussed in
Chapter 12.

Only once it has been determined that it is a profitable project and worth pursu-
ing, is the source of funding considered. The separation of the two decisions helps
to make the decision-making process more transparent, especially since funds are
not raised specifically for a project. Rather, the funding requirements are lumped
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together and funds are raised for the total requirements. This is referred to as the
pooling of funds within a company. In addition, the two decisions, that of the in-
vestment decision and that of the financing decision, are functionally separate in
most organisations. Separating the decisions separates the roles and responsibilities
of each of these different departments. Thus, evaluating the project on the entity
basis is not done for theoretical reasons, but for reasons of practical management.

1.6 Past Expenses are Excluded from the Project Financials

In developing the Santa Clara opportunity, the company incurred significant costs
mainly for legal fees and engineering studies. However, in preparing the project
financials, these costs were ignored. This was deliberate, since past events have
no bearing on the economic viability of the opportunity at the present. “Gambler’s
Ruin” is a well-known problem in probability studies, where there is a finite and
significant probability that a gambler who tries to recover past losses will loose
everything. In an economic analysis, past expenses, referred to as sunk costs, are
irrelevant to the decision now. The evaluation is focused on the future.

1.7 Assessment of the Risk of the Project

The forecast of the project financials included no mention of the chance that these
forecasts may not be achieved. These projections implicitly assumed that they were
known with certainty. In reality, a large number of sources of uncertainty can in-
fluence the outcome. Although the forecasts of the project financials are made with
the best possible information and techniques, they are uncertain. On the other hand,
a project is not risky if the project financials can be predicted with certainty. Risk is
the chance of an undesirable outcome caused by the unpredictability of the future.
The source of risk for a project is the variation or change in the values of the
constituents of the project financials. For example, if the revenues change from year
to year in a fashion that is different from its prediction in the project financials, then
this is a source of risk. Some of the risks that are relevant are the business risk, the
investment risk, and the financing risk. The variability in the revenues and costs of
the project is the source of business risk. The change or variation in the estimate
of the initial capital expenditure to build and install the project is the source of
investment risk. The financing risk refers to the variation in factors that affect the
financing of the project, such as changes in the interest rate. Together, the business,
investment and financing risks are referred to as the financial risks of the project.
Risk is important in the assessment of a project for two reasons. Firstly, the value
of the project may differ from what it was forecast to be. This type of risk represents
a loss to the owner of the project. It is the stand-alone risk of the project. Secondly,
the risk of the project contributes to the risk of the company and to the risk of the
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investors in the company. The risk of the project to an investor who has a diversified
portfolio of investments is referred to as the market risk.

The topic of risk, which is the subject of Chapters 11 through 15, is more complex
than it might appear at first. For example, we know that risks of one project influence
the risks of another. Risks can be combined or separated. The risk of a portfolio of
assets is not the average of the risks of individual assets. The combined risk of two
projects may be lower than either one. This means that diversifying investments
lowers the overall risk. That is why there is the saying: “Do not keep all your eggs
in one basket.”

The methods for the analysis of financial risk and the formation of the optimal
portfolio of assets are the subjects of modern portfolio theory. The discussion of
the topic of risk, including modern portfolio theory, is continued more detail in
Chapter 11.

1.8 Financing of a Capital Project

There are two major financing issues associated with large capital projects. These
are the following: (i) how is the project to be financed during construction? and (ii)
how is the project to be financing permanently after construction? The separation
into these two phases is important, since during construction there is the additional
risk of the project not being completed on time or within budget.

The funding during construction depends on the owner’s contractual arrange-
ments with engineering contractors and equipment vendors, that is, it depends on
how the project is “procured.” The owner of a project can procure a capital project in
a number of ways, each of which carries different risks. There are three main mod-
els: owner managed, cost-reimbursable and lump sum turnkey. The way in which
the project is procured or delivered influences the financing during construction of
the project.

If the project is owner managed, the owner prepares the engineering design pack-
age that defines and specifies the project and the equipment required. The owner
then procures all of the equipment and constructs the project at the owner’s cost. In
other words, the owner finances the construction of the project directly from its own
source of funds, that is, the equity and debt of the company. The prime advantage
of this method is that it allows the owner to select the engineering company or con-
struction company that is best suited to each stage of the project. The owner is the
active manager of the project and maintains control and overall responsibility.

The cost-reimbursable contract is only slightly different to an owner-managed
project from a financing point of view. In this type of contract, the owner appoints
a contractor, who undertakes the engineering design, procures the equipment, and
manages the construction until completion, on behalf of the owner. The contractor
integrates all the aspects of the project. The owner finances the project directly from
its own resources. Although the owner delegates responsibility to the contractor,
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most of the project risk remains with the owner. The owner pays the contractor
based on the costs incurred by the contractor and fees charged by the contractor.

The owner may develop a specification and issue tenders to engineering contrac-
tors for the delivery of the project at a particular date for a fixed, or “lump sum,”
price. These contracts are called lump sum or lump-sum turnkey. The risks of and
responsibilities for the construction of the project are transferred to the contractor.
The financing of the construction of the project is transferred to the contractor, who
maybe required to arrange a construction loan. The engineering contractors would
also be required to provide guarantees of performance. On completion, the construc-
tion loan terminates and the owner provides permanent finance. On the other hand,
the owner may agree to pay the agreed price according to a construction schedule,
in which case the owner may request the contractor to provide a performance bond
that the contractor would forfeit in the case that the project is not completed.

Permanent financing is the funding of the project after construction. In some
cases, there may be no difference between the construction finance and the perman-
ent finance because the owner funds all requirements. Either way, once the project
has been constructed, the permanent financing can be arranged on the basis of the
general standing of the owner, that is, from the owner’s own resources, or as “project
finance.”

The owner, who is generally a company, can raise finance to fund the capital
project from one of two sources: equity, or debt. The company sells shares or stock
in the company to investors to raise equity capital. These shares represent part own-
ership in the company and the investor bares the risk of ownership. On the other
hand, the company can raise funding from lenders who be willing to loan money to
the company because of the creditworthiness of the company. Such loans that are
raised by the company, usually for extended periods, are referred to as debt financing
or the debt capital of the company. The lenders may require security or collateral,
and the assets of the company are often used as collateral.

An alternative form of permanent financing for a project is to secure the finance
against the anticipated cash flows of the project. This means that the lenders are not
relying on the company’s past performance in assessing the loan, not do they require
the company’s assets as collateral. Instead, the lenders look at the profitability of
the project and its ability to repay the debt. In this case, the project is separated
legally and financially from the original owner, who is now called a sponsor, and
the finance is structured to suit the needs of the project. This form of finance, called
project finance, has found application in large infrastructure and industrial projects
in both the private and public sectors.

The sources of finance and the financing of projects are discussed in further detail
in Chapters 16 and 17.

1.9 Summary

A capital project is the investment in equipment, plant, machinery and property that
is employed in productive work. Examples of capital projects are the construction of
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a factory, the replacement of equipment, and the building of a toll road. This chapter
has provided an overview of the assessment of capital projects. The assessment is
based on a variety of evaluation criteria, such as the strategic fit of the project within
the organisation’s core business, the market opportunities for the project’s products,
the economic viability of the project, the technical feasibility of the project, and the
ability of the company to implement the project.

The project financials is the forecast of the free cash flow for each year of the life
of the project. This forecast is used to assess the economic viability of the project.
The free cash flow is calculated from five main variables: the revenues, the expenses,
the taxes and royalties, the capital expenditure and the working capital requirements.
The revenue is the in-flow of cash to the project from the sale of the project’s prod-
ucts or services. The expenses are the costs incurred in the operations. They include
the operating costs, which are directly associated with production, and the over-
heads, which are related to the administrative and the marketing functions of the
business. The taxes and royalties are the charges made by government, such as in-
come tax and mining licences. The capital expenditure is the cost of the project’s in-
vestment in the equipment, plant and property required to manufacture the project’s
products. The working capital requirement is the amount of money that is invested
in inventory and creditors. The free cash flow is revenue less expenses, taxes, capital
expenditure and working capital.

The project financials indicate the ability of the project to generate or consume
cash on a year-by-year basis. An overall assessment of the value or the attractiveness
of the project can be made by determining criteria such as the payback period, the
return on investment, the net present value and the internal rate of return. There are
many more criteria that can be used than these four. The first two criteria are cal-
culated directly from the values of the project financials, while the last two require
the application of the time value of money, a concept that is discussed in detail in
Chapter 5.

The project financials are prepared with three principles in mind. Firstly, the
project financials represent future cash flows; past expenses are irrelevant to the as-
sessment of the project. Secondly, the project financials are based on cash flows
rather than on accounting concepts such as profit that include non-cash items.
Thirdly, the project is evaluated as if it is owned and funded entirely by the company
(or the investor), called the entity basis. The entity basis separates the investment and
financing decisions.

Once the recommendation is adopted, then the activity of determining how the
project is to be funded commences. For example, will the project be funded entirely
by the owner, or will the owner raise financing in the capital markets? The types and
structure of the financing will be discussed in Chapter 16.

Other steps can be included in the assessment of a project. Examples of these
are an assessment of the assumptions made, an assessment of the possible outcomes
and an assessment of the uncertainty or risk of the project.

The above description of the assessment of the project is based on the returns
of the project to the owner of the project. The risk of the project from the owner’s
viewpoint is that it does not meet the expectations given in the project financials.
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The source of this risk is the difference between the outcome and the forecast for
any of the variables that make up the project financials. Another way of viewing
risk is as the variability in the values of these variables with time. If they change
over a wide range, they are risky. If they vary within a narrow range, they are pre-
dictable, and hence less risky. Financial risk is the overall project risk, comprised
of business, investment and financing risks. Business risk is the variation in the rev-
enue and expenses of the project. Investment risk is the variation in the cost of the
capital equipment for the project. Financing risk is the variation in the factors such
as interest rate that affect the financing of the business.

1.10 Looking Ahead

The next chapter provides the business context for decision-making on capital
projects. The chapter discusses the goals of the financial management of a business,
the structuring of the financial function within the business, the theory of business
decision-making and the practice of gaining approval for capital projects.

1.11 Review Questions

1. Provide definitions for the following terms:

@) Cash flow
(i1) Assets

(iii)  Liabilities
@iv) Capital

) Fixed capital
(vi)  Working capital
(vii)  Revenue
(viii) Taxes

(ix) Royalties

(x) Stock

(xi) Inventory

What are capital projects?

What are the two types of decisions that are commonly found?

What are sunk costs?

Why do the project financials ignore the past expenses?

What are the components of the project financials?

What are three basic principles in evaluating a project?

What does the payback period mean?

Name three other criteria for the assessment of the economics of the project
other than the payback period.

What are the financial risks for a project?
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11.  How does stand-alone risk differ from market risk?
12. What does “raising capital” mean?

1.12 Exercises

1. A capital project under consideration has the following cash flow profile:

Year 0 1 2 3 4 5

Free cash flow —100 35 40 45 50 55

Determine the payback period.

2. A project consists of an investment of $100 million in capital for the con-
struction of the manufacturing operations. Each year after the completion of
the construction, the project will sell product worth $70 million. The costs of
manufacturing this product are expected to by 60% of the value of the sales.
The taxes are expected to be 30% of taxable income. No deductions, such as
those for depreciation or capital allowance, are permitted for the determina-
tion of the taxation charge. The working capital is 15% of the fixed capital.
The working capital charge is incurred in the first year of operation and is
recovered in the fifth year. Determine the free cash flow for the first five years
of operation.

3. Anew capital project has the following cash flow profile:

Year  Cash flow

0 —10,000

1 —5,000
2-9 3,000
10-14 2,000
15 3,000

Determine the payback period.

An international manufacturer of hard disk drives is considering three loca-
tions for its new plant. The location conditions and distance from the markets
affect the cash flows for the project for the different locations. Determine the
preferred location, if the cash flow profiles for the three different locations are

those given in the table below:

Year Philippines Malaysia Thailand
0 —30,000 —40,000 —38,000
1 —10,000 —6,000  —7,000
2 9,000 8,000 5,000
3-10 7,800 8,000 7,500
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The manufacturer of power tools for the home market is considering the intro-
duction of a new product, a laser-measuring device to replace tape measures.
The plant is expected to cost $10 million and generate a net income (also
called net profit) of $3 million each year for five years. The company has de-
cided that the appropriate measure of the project’s performance is the return
on investment. Unfortunately, there is no single definition of the return on in-
vestment, which is also called the accounting rate of return. Determine the
rate of return if the following possible definitions are adopted:

Annual income (profit)

1) Return on investment =
Investment

.. . Annual income (profit)
(i)  Return on investment =

Investment/2
Total income (profit)-Investment

(iii)  Return on investment = - -
(Investment/2)(Project life)

Johnson Engineering is considering building a plant. The plant will cost $8
million, and will generate an after tax income (profit) of $750,000. If the in-
come is expected to grow at 5% pa, determine the payback period.

An engineer is considering the replacement of equipment in the plant. The
equipment that is currently in the plant cost $500,000 three years ago, and is
currently valued in the books at $350,000. It was expected to last ten years.
The equipment that she is considering for the replacement is technically and
economically superior. It will cost $700,000. The company will be able to
sell the incumbent equipment for $100,000. Is the original price or the current
book value relevant in her assessment of whether to replace the equipment?
A project will generate $10,000 each year. What is the maximum amount that
can be invested if the company requires a payback period of 2.5 years? How
would your answer change if the income were to increase at 10% per year?
Distil the assessment of the Santa Clara HEPS into a number of basic steps.
Generalize these steps to those required for any decision-making problem.
Research the problem known as gambler’s ruin in probability theory and de-
scribe the analogies with the investment in capital projects by companies.



Chapter 2

The Theory and Practice
of Decision-making Concerning Capital Projects

2.1 Introduction

The purpose of the assessment of projects is to determine if the project justifies
investment. There are usually many projects that the organization assesses and ap-
proves each year. The available money, or capital resources, must be divided be-
tween the different projects. In other words, the capital resources must be allocated
to the projects. The activities for the assessment of projects and the allocation of cap-
ital are known variously as cost-benefit analysis, engineering economics, and capital
budgeting, terms that arise from the different professions of economics, engineering
and finance. They are all concerned with the allocation of resources to projects in
a company in the most cost effective and profitable manner. The success of all enter-
prises, both private and public, depends on how well the enterprise chooses projects
and allocates resources to its projects. As a result, these are critically important
activities for an enterprise.

The objective of this chapter is to present the context within a company for
decision-making concerning capital projects. This context concerns the history of
these activities, the organization of the finance function within a company, the
framework for decision-making in general, and the practice of decision-making for
capital projects. An important part of this context is the understanding of the aims
and objectives of the professions that impact on the investment in capital projects.
The classification of projects and the practice of promoting a project are also dis-
cussed. The history of cost-benefit analysis, engineering economics and capital bud-
geting is described in the next section.

2.2 Cost-benefit Analysis, Engineering Economics
and Capital Budgeting
(i) Cost-benefit analysis

Cost-benefit analysis is the practice of assessing the desirability of projects from the
perspective of an economist. It takes both a long-term and a wide view. It is long-
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term in the sense of examining the effects, implications and repercussions both in
the short and long-term. It takes a wide view in the sense of examining the effects of
the project on different peoples, industries and regions. It is a broad treatment, and
has more in common with economics than with business and commerce. It draws on
a range of subdisciplines within economics, such as resource economics and public
finance, to create a coherent view of the project.

Cost-benefit analysis has a long history, particularly in France, where the en-
gineer Dupuit published a paper in 1844 on the utility of public works, a ground-
breaking contribution to the field of economics. In the US, the early practice of cost-
benefit analysis was closely associated with control of navigation. It came about as
an administrative function, little related to economics. The River and Harbor Act of
1902 required the Army Corps of Engineers to report on the desirability of their river
and harbour projects by accounting for their benefits to commerce and their associ-
ated cost. The terms of reference were broadened in the 1930s. The Flood Control
Act of 1936 authorised projects by the Army Corps of Engineers “if the benefits
to whomsoever they may accrue are in excess of the estimated costs.” It should be
pointed out that the practice of cost-benefit analysis in these cases was not only to
justify projects, but also to determine who should pay for them. This practice spread
to other US government agencies, and in the 1950s, the general principles of cost-
benefit analysis, including the considerations of welfare economics, were codified.
As aresult of this developmental history, the application of cost-benefit analysis was
and still is clearly situated in the domain of public works.

Cost-benefit analysis is primarily an economic analysis. Although market prices
are a starting point for the determination of the benefits and the costs, they imper-
fectly represent the interests of various parties and stakeholders in the project. Mar-
ket prices may be distorted by political intervention, taxes, subsidies, incentives,
lack of competition, price control and other factors. In an economic cost-benefit
analysis, prices are adjusted towards their efficiency prices, those that would be
achieved in a perfect market as a result of the best allocation of resources due to
supply and demand. This is in contrast with financial or commercial analysis, which
considers the flow of cash at market price.

While the engineers of the Corps des Ingenieurs des Ponts et Chausses in France,
most notably Dupuit, contributed significantly to the early development of eco-
nomics itself, endeavours in the US focused on the combination of engineering
design with economic choice.

(i) Engineering economics

The involvement of engineers in the evaluation of the benefits and costs of projects
led to the development of the field of engineering economics. Arthur M. Welling-
ton, the pioneer of the field, published “The Economic Theory of the Location of
Railways” in 1877 that included the notion of “the judicious use of capital” in the
engineering design process. Wellington was concerned with the most cost effective
location of railways, and the application of economic choices to other engineering
design questions, such as the grade and the gauge of the railway. For example, he
demonstrated that light rail was false economy using his analysis techniques.
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Wellington was the first to describe the application of present value techniques
for the allocation of capital within a company. Present value techniques, also called
discounted cash flow techniques, account for the time value of money. The con-
cept of the time value of money has been known since the early 1800s. Today it is
regarded as necessary to account for the time value of money in the evaluation of
projects that last for more that a few years. Wellington wrote for engineers. Early
adopters of the discounted cash flow techniques that incorporated Wellington’s ideas
of the time value of money were the engineers of mining companies and public
utility industries. Beginning in the 1920s, the new field of engineering economics
influenced the way in which AT&T made capital allocations to possible projects.
These ideas of the use of time value of money in the assessment of the economics
of a project slowly diffused through engineers, reaching the petroleum industry by
the 1950s.

Engineering economics is more restricted than cost-benefit analysis, limiting it-
self to the application of a number of techniques for economic choice rather than
engaging in a full economic analysis as would be expected in cost-benefit analy-
sis. The analysis is performed from one point of view, rather than representing the
views of all the stakeholders. Engineering economics has more in common with
investment analysis than with economics.

The relatively slow rate of adoption of techniques incorporating the time value of
money between the 1920s and the 1960s is due, in part, to Du Pont’s development of
the concept of return on investment, which was a development of equal importance
to the time value of money for the analysis of the performance of capital invest-
ments, and their development of a system for the allocation of capital resources to
projects. This system is known as capital budgeting, and is discussed next.

(iii)) Capital budgeting

In contrast with cost-benefit analysis, which takes a broad view, the assessment of
projects within a company takes a narrower view. The view is narrowed by mainly
considering the benefits or costs to the company, not to society. This is not to say
that the companies do or should act irresponsibly; it is merely that the company’s
viewpoint is that the main beneficiary of its investments should be itself. The activ-
ities within a company of assessing long-term opportunities and allocating capital
to them are known as capital budgeting within the field of financial management.
It addresses essentially the same questions as engineering economics. Examples of
capital budgeting decisions are the acquisition of land, buildings, equipment, and
vehicles, amongst others, for productive use by the company.

The history of capital budgeting runs parallel to that of engineering economics.
In 1903 the E.I. du Pont de Nemours Powder Company merged the functions of
scores of smaller, specialized firms, and centralized the manufacturing and distribu-
tion process. Pierre du Pont wished to measure both the profitability of the current
operations and the attractiveness of future investments in terms of the capital in-
vested in each venture or department. He and his accounting staff developed the
concept of return on investment accompanied by a system for allocating capital re-
sources to projects. The return on investment combined the profit margin with the
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asset turnover. This concept, and the system of reporting that it created, significantly
decreased the cost of managing a complex company like Du Pont.

Du Pont owned 23% of General Motors, a company also created from the merger
of many smaller firms. When faced with financial and administration problems in
1920, General Motors consulted Pierre du Pont. The capital-budgeting system GM
constructed allowed operational managers to decide how best to employ their di-
vision’s resources, while at the same time maintaining central control by senior
executives.

Although the techniques used at Du Pont and General Motors, and subsequently
adopted by other industries, were highly effective, they were designed for the projec-
tion of the next year’s performance. At the time, they did not forecast performance
or evaluate projects on a long-term basis; as a result, they did not need to incor-
porate Wellington’s ideas of the time value of money into their assessment of the
project or capital investment. However, these concepts were gradually incorporated
into the capital-budgeting framework. Indeed, today they are the dominant measures
of economic viability used by companies to assess capital projects.

Investment in projects is extremely important to a company. Such investment
represents a fairly large commitment of the company’s resources; they are invested
for a long time, and the operating needs of the company will be driven by these in-
vestment choices. Since the company may be viewed as the sum of its investments,
the future development of the company depends on the efficient choice of these in-
vestments. Capital budgeting is a strategic activity, central to the business objectives
and business plan of the company.

Cost-benefit analysis, engineering economics and capital budgeting offer
methods and techniques for the choice of investments in both the government and
private sectors. The analysis of government projects is closer to economic cost-
benefit analysis than it is to capital budgeting, because government has a broader
remit than does a company. Many of the infrastructure projects that government in-
vests in, such as dams, power schemes, and highways, are typically very long lived.
However, both government and company decisions are championed and made by
people, not necessarily in the best interests of the public or the company, and are
subject to the politics of the organization. In a company, it is the duty of the exec-
utive management to set the direction and the strategy of the company clearly, so
that the most efficient choices can be made. The understanding of different view-
points and the organization and the business context in which investment decisions
are made is important, and is discussed in the following few sections.

2.3 Perspectives for the Assessment of Projects

Various views of investment decisions other than those of engineers and economists
are important in both the public and private sectors. Within the private sector, there
are two divergent viewpoints that are important to bear in mind when the results of
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any analysis are communicated. These viewpoints are those of financial accounting
and financial management.

Financial accounting has a particular perspective. For these professionals, the
measure of financial success is based on liquidity in the short-term and on prof-
itability in the long-term. Liquidity means that sufficient cash is available for the
business and that it is not bound in assets that are difficult to sell, that is, are illiquid.
A profitable business is one in which the revenues exceed the costs. The liquidity re-
quirement translates into measures of success based on how quickly the investment
can recoup its costs, as encapsulated in the payback period discussed in Chapter 1.
The profitability measure translates to how productive the investment is at generat-
ing cash flows or profit. This notion is encapsulated in the return on investment as
a measure and decision criterion. These are both accounting measures made with
accounting data.

Financial management has a worldview different to that of financial accounting.
The aim, and hence the measure of financial success, of financial management is
to create and maximize shareholder wealth. Shareholder wealth is not seen as being
driven by profitability; rather it is seen as a function of returns of cash to the investor
in the medium and long-term. The goal of maximizing shareholder value leads to
measures for the evaluation of investments and projects that maximize the future
cash flows for the allocated capital. These notions are encapsulated in a number of
decision criteria such as net present value and internal rate of return, that account
for both the cost of the funds required to pursue the opportunity and the time value
of money. The details of these criteria are discussed in Chapter 6.

Both of these perspectives are of value. Generally, the perspective that is required
by engineers, scientists and managers is one that is closer to financial management
than it is to either economics or accounting, and this theme dominates the treatment
followed in this text. However, it is essential to understand the accounting view,
since the engineers, scientists and managers must be able to communicate effec-
tively with other professions. Since the perspective required of engineers is closer
to financial management, it is instructive to examine the components of value for
a shareholder or an investor.

2.4 Enhancing Value for Investors

Investors will choose to invest in a business based on what they expect the business
to return to them. In evaluating an investment opportunity, investors will compare
the expected returns with those from the many other choices that they have for the
investment of their money. Once the investors have placed their money in the busi-
ness, the onus is on the management to ensure that the expected returns materialize.
The overall aim of the company’s management, including the company’s engineers
and scientists, is therefore to maximize the value of the investment made by investor
for the benefit of investors and other stakeholders in the company.
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There are three main drivers for enhancing the value of a company. These are
(1) through the superior use of finance; (ii) through superior organization; and (iii)
through superior strategy. The first driver has three elements: the control of costs, the
use of capital, and the raising of capital. The second driver refers to the management
of processes, people, performance and talent. The third driver refers to the superior
anticipation of the future, of trends and events that may affect the business, and the
superior deals that place the company in a better position than competitors. These
factors, and the company’s performance in managing them, influence the value of
the company.

Engineers and other technical professionals contribute significantly to all of the
main drivers of value. The focus of most engineers and scientists is on enhancing
value through the optimum use of resources, the control of costs and the manage-
ment of processes. Some may find themselves working in research and development
on strategic projects that anticipate, or take a leading role in shaping, future trends.
Others have personal leadership qualities, and rise to become part of the leadership
of the organisation.

The value of a company is most easily measured by the generation of cash by
the company. Value is measured by cash flows. More particularly, value depends
on the amounts of cash flow, the anticipated timing of future cash flow, and the
risk of these anticipated cash flows not materializing. If the company is listed on
a public exchange, the value of the company is reflected directly in the share price.
The same factors that affect value for an investor in a public company, that is, the
amount, timing and risk of the expected cash flows, affect the value for investors in
a private company.

Clearly, a major task of the engineers and scientists employed in any organiza-
tion is to ensure that capital resources are allocated optimally to the benefit of all
the organization’s stakeholders. The business context in which these decisions take
place is sketched in the next section.

2.5 Business Context

In order to pursue a project or an investment opportunity, the organization needs
funds. The sources of the funds, the stewardship of the funds within the organi-
zation and the interaction between financing and investment constitute the context
that impacts on the evaluation of capital projects, the decisions concerning which
projects are pursued and those which are not. These topics are discussed next.

2.5.1 Financial Stewardship Within a Business

The two major functions of the finance department in a company or corporation are
the treasury and the controller. This is illustrated schematically in Figure 2.1. The
treasury is responsible for managing the cash and investments of cash in the financial
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Figure 2.1 Functional roles of the finance in a corporation

markets (marketable securities) and managing the company’s debt. The controller
is responsible for functions like cost accounting, financial accounting, and tax. The
chief financial officer (CFO) is responsible for both of these functions.

Another function within the domain of the CFO is broadly called the financial
management of a company. Financial management aims to maximize value for the
shareholders while managing the risk profile of the company. The opportunities for
the financial manager to create value for the company are in arranging the com-
pany’s financing efficiently and in using these finances effectively. As a result, the
type of decisions required of financial managers can be classified as either financing
decisions or investment decisions. The raising and allocating of funds is discussed
next.

2.5.2 Sources and Use of Funds

The aim of a company is to meet a market need. Purchasing the company’s products
will satisfy the customer’s needs. In order to provide this product or service, the
company embarks on a project that requires a production facility to manufacture the
product and a distribution network to bring the product or service to market. The
company requires capital for the acquisition of the assets to do this.

The company raises the capital it requires from two main sources: shareholders
and debt-holders. Shareholders are part owners of the company. They are rewarded
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for the risk they take in investing in the company through the increased value of the
company (the capital gain), and through regular cash payments made by the com-
pany (the dividends). The company’s lenders loan money to the company. A loan
is also called debt, and the lenders are also called debt-holders. The debt-holders
require the loan to be repaid in full, and are rewarded for the risk that they take by
earning interest at regular intervals on the loan.

In addition to raising capital from shareholders and debt-holders, the company
can obtain short-term finance from creditors in the form of the credit terms offered
by suppliers. The source and use of these funds are illustrated in the business inter-
actions shown in Figure 2.2.

The capital that is raised from investors is used to meet the market need by build-
ing the production facility, making the product, and selling the product to customers
for more than it costs to make the product. The business does this so that it can pay
taxes, repay the interest and principal on loans to the debt-holders, retain some earn-
ings for the future, and pay the shareholders a return in the form of a dividend. The
activities of the company and the profit from these activities benefit society through
the meeting of the customer’s need and the employment of people, benefit the gov-
ernment through the paying of taxes, benefit the banks and other debt providers
through the paying of interest, and benefit the shareholders through the paying of
dividends and the increased value of the company.

Bankers ‘
Loan capital Tax
Interest
Services

Dividends and

Money/v capital gains

Products and Equity Capital

services
Raw
materials Money

Figure 2.2 Interactions between a business, its markets (suppliers and customers), funders (in-
vestors and bankers) and society represented by the government
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The source and use of funds is clearly seen in the balance sheet of a company.
The balance sheet will be discussed more comprehensively in Chapter 3. It is a state-
ment of the assets, liabilities and owners’ equity of a company. The assets are the
items that the company owns, the liabilities are the amounts of money that company
owes to others, and the owner’s equity is the contribution by the shareholders to the
value of the company. The source of funds is represented by the liabilities and the
owner’s equity, and the use of funds is represented by the assets. Thus, the balance
sheet reflects the interactions between the investment and financing activities of the
company.

2.5.3 Investment and Financing Decisions Within the Business

Another way of viewing the balance sheet of a company is as a representation of the
investment and financing decisions made by the company.

Investment decisions concern the acquisition of operating assets or financial as-
sets. Operating assets are items such as machinery, vehicles, property, inventory and
buildings. A distinction is usually drawn between fixed assets, such as production
equipment, and working capital, which is the net amount of money required for
stock, inventory, debtors and creditors. The company may own shares in other com-
panies, or it may loan money to other companies. These investments are in financial
assets. In other words, the company may acquire financial assets by investing in
other businesses or by investing in financial instruments sold in the financial mar-
kets.

Financing, or the financing decision in a company, is the function of determining
the most suitable financing arrangement or structure to fund the company’s opportu-
nities. The financing decisions are mostly concerned with the following three issues:
(i) how much debt can the company afford to have (called the capital structure); (ii)
how much credit the company can afford to provide to its clients (called the credit
policy); and (iii) how much of the company’s profits should be retained by the com-
pany (by not paying all the profits to the shareholders) to have sufficient resources
for all anticipated needs and future investments (called the dividend policy). In later
chapters, it will be shown that it is advantageous to have as much debt as possible,
because the returns to shareholders increase with increasing debt. However, increas-
ing debt also increases the risk for the company. In structuring the finances for the
company, the financial manager makes a trade-off between return and risk. Similar
trade-offs are involved in considering the other two issues.

From a strategic viewpoint, the financial manager must ensure that the company
has sufficient resources to meet its goals. The financial manager must forecast what
the resource requirements are, and determine if additional resources are required.
If insufficient, the financial manager must raise the additional capital that matches
the requirement from either shareholders or debt-holders. The funding requirements
for the company are pooled or lumped together; finance is not generally arranged
for a particular project. The financial manager determines the total requirements for
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the company, and determines the best method for meeting these requirements. The
sources of funds are discussed in more detail in Chapter 16.

The investment and financing decisions represent the core of what a company
does. It raises the funds to invest in projects. It raises capital, which are the financ-
ing activities, and it allocates that capital, which are the investment activities. The
analysis, planning and evaluation of these opportunities are intimately tied to the
company’s strategic objectives.

The functions of the investment and financing activities are usually separated
in corporations. The functional teams working on investment proposals are usually
not those working on financing structure. In other words, they occur in different
departments. This separation is also in timing. As mentioned in Chapter 1, the first
decision is whether it is a good opportunity for the company in the context of all the
other opportunities available to the company, and the second decision is how best
to access the funds to implement the investment proposal. The separation of these
decisions is useful for a number of reasons: (i) it clarifies what decision is required;
(ii) it allows opportunities to be evaluated on a common basis; and (iii) it clarifies
the roles and responsibilities of different functional units within the organization or
company.

2.5.4 Evaluation of Investment Opportunities

The decision to make an investment in an asset (operating or financial) is taken
on the basis of a business evaluation. The evaluation has the objective of building
a business case for the investment proposal. It requires an overall perspective of the
business, of the company’s positioning on strategy, marketing, and production. It
requires an understanding of the company’s risks and returns and it must integrate
aspects of tax, commercial agreements, and possible liabilities. It requires know-
ledge of the project, through the construction, commissioning ramp-up and produc-
tion stages. In addition to analytical skills, business evaluation involves judgement,
experience and wisdom.

There are essentially four parts to the evaluation of an investment opportunity.
These are the strategic evaluation, the economic evaluation, the technical evaluation
and the financial evaluation. Not all of these are relevant to all organizations or to
all investments.

(i) Strategic evaluation

The strategic evaluation considers key factors for the success of the project, such as
the company’s ability to penetrate the market and the structure of competition in the
industry. The markets that most companies operate in are competitive, resulting in
a drive for efficiency and effectiveness. The company must be able to understand the
dynamics of the industry and harness this knowledge profitably. Strategic evaluation
encompasses an overall knowledge of the company’s current and future activities,
including the company’s anticipated projects.
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The company does not only exist in the context of its market. Beyond its markets,
the company exists within a system of law, society and politics. Knowledge of, and
an anticipation of the changes in, the external factors, such as public opinion and
the regulatory environment, that may impact on the business’s ability to execute its
business plan, is essential for the strategy of a business to be successful.

(i) Financial evaluation

The financial evaluation is the function within the business evaluation that examines
all the available information from a financial viewpoint. The merits of the investment
are examined on the basis of the investment costs and the cash flows that will be
generated from the investment. It includes the synthesis and financial quantification
of the company’s knowledge of the key factors for success, and an assessment of the
risks to the company.

(iii) Technical evaluation

The technical evaluation is usually a staged process that occurs with the design
of the equipment for the operation. Within the various engineering disciplines and
industries there are differing names for the stages, but generally they consist of
concept, pre-feasibility, feasibility and final design. The staged approach to project
design and evaluation is discussed further in Chapter 4.

(iv) Economic evaluation

The aim of an economic evaluation is to assess the costs and benefits of the project
to all stakeholders in the project. This is a much broader view than the financial
evaluation mentioned earlier. Another important difference is that in the opinion of
the economists performing the analysis, market values and prices may not be a true
reflection of the costs and benefits to all the stakeholders. In this case, the economic
analysis may include adjustments to account for these anomalies.

Once the project has been assessed, a decision needs to be taken on whether to
invest in it or not. Prior to discussing the practice of investment decisions for capital
projects, it is worth discussing the theory and practice of decision-making in general
within a business.

2.6 Business Decision-making

The process of arriving at a decision in an organization is a complex interaction of
factors such as personal psychology, group dynamics, context, access to informa-
tion and self-interest. These decisions are either programmed or not programmed.
Programmed decisions are those in which a policy, a standard operating proce-
dure, a rule or some precedence exists. Creativity and analytical thought is not
required. Most decisions, even at executive level, are of this kind. In contrast, non-
programmed decisions are ill structured and elusive — there is no standard way to
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Figure 2.3 Three layers of decision processes found within organisations and corporations

answer them. Very few decisions within an organization are of the non-programmed
variety.

Within any organization or corporation, there is a hierarchy of decisions that
is taken, illustrated in Figure 2.3. At the bottom of the hierarchy is the mass of
production-related decisions that are largely programmed, the middle layer is con-
cerned with monitoring first layer processes and making largely programmed deci-
sions, and at the top of the hierarchy is a layer of non-programmed decisions relating
to redesigning or changing parameters for first layer processes.

The investment and financing decisions are at the top of the hierarchy, and contain
significant strategic content. They are long-term, have significant cost and risk, and
set the course for the business for some years to come. Programmed, operational
decisions have less strategic content. They are the day-to-day decisions that have
impact in the shorter-term, are largely based on past experience, and generally do
not clearly or directly impact on the direction of the company.

Decisions can be reversible or irreversible. If the money invested can be easily
recovered without cost, the decision is reversible. For example, consider an investor
who purchases an item in a market. If, after a short time, a better opportunity arises
and she decides to sell the item and receives almost the price paid originally, then
the decision is reversible. If, on the other hand, the investor cannot sell the item, or
can only dispose of it for a small fraction of its cost, then the decision is irreversible.
Irreversible decisions consume resources and reduce flexibility. If all an investor’s
resources are invested in assets that cannot be easily sold, then the investor does
not have the flexibility to engage in more profitable ventures that might arise, or
to liquidate their assets to meet expenses if economic conditions deteriorate. The
decision to invest in a capital project is usually an irreversible decision. The costs of
buildings, facilities and plants that are constructed for a company cannot be easily
recovered.

The function of the financial and strategic evaluation of business opportunities by
engineers and scientists is to maximize value for shareholders. Tactics that may be
adopted in the short-term, such as increasing sales, decreasing costs or maintaining
market position, are subordinate to the long-term goal of maximizing the value of
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the company. However, in practice, it is often easier to implement short-term tactics
and the results are seen more quickly. Since managers are largely focused on their
individual career paths, not necessarily on creating shareholder wealth, programmed
decisions with mostly short-term, tactical contact are favoured. Thus, it is often
easier to get a decision to replace ageing equipment than to get one to increase
production capacity by de-bottlenecking, and easier to get a decision to increase
production capacity by de-bottlenecking than to get one to build a new production
facility.

In evaluating a decision, a distinction should be made between the decision pro-
cess, and the outcome of the decision. It was not a good decision because the out-
come was good, or vice versa. It was a good decision because it was considered,
transparent, inclusive and rational. It was a good decision if the assumptions in both
the problem formulation and the solution process were interrogated and found to
be valid. It was a good decision if information was collected thoroughly, and was
presented in an unfiltered and unbiased fashion.

2.7 A Framework for Decision-making

Decision-making can be examined from two different viewpoints: the normative
view and the descriptive view. The normative view suggests what ought to take
place, that is, how the ideal decision maker would set about the task. The descriptive
view is how it actually happens. A prime criticism of the normative process is that
there isn’t time to make a full analysis of the alternatives to arrive at the best option.
Besides, people usually aren’t interested in the best option, they will settle for the
first option that meets the minimum requirements, a process known as “satisficing,”
meaning both to satisfy and to sacrifice.

The focus of our attention is on providing the methods and the means to make
successful capital investment decisions. These decisions are not made on the spur
of the moment. They usually involve the outlay of significant resources and conse-
quently they more closely represent the normative process. For this reason, the dis-
cussion of the decision-making process that follows is based on the normative view.

2.7.1 Steps in the Decision-making Process

The decision-making process can be broken down into different steps. One formu-
lation that might be useful is shown in Figure 2.4. In this formulation, the decision-
making process occurs in three stages: frame, evaluate and decide. Each of these
stages is discussed below.



32 2 The Theory and Practice of Decision-making Concerning Capital Projects

» Recognize the problem/ * Specify criteria » Make decision
opportunity * Assess uncertainties * Implement choice
* Define . .
* Evaluate alternatives + Monitor developments
« Diagnose

* Search for insight

* Specify objectives * Make recommendations

* Create alternatives

Figure 2.4 The decision-making process

2.7.2 Frame: the Decision Context and Possible Alternatives

Management has to solve problems of a wide-ranging nature. For example, the pump
station of a major water supply utility is not performing to specification, requiring
maintenance or replacement. Should management repair or replace the equipment?
Another example is the following. The capacity of the manufacturing facility will
be exceeded in three years at the current rate of increase in production. Since it
takes at least that long to authorize the approvals and to build a new facility, should
management expand the current operations or should they build a new factory?

The decision frame is the context of the decision. The particular problem or op-
portunity usually comes with an “in-built” context. However, simply accepting this
context limits the possibilities for a creative and better solution.

The object of the framing stage is to define thoroughly the problem or opportu-
nity, and to specify criteria and objectives for the decision that is required. A tech-
nique that can assist in clarifying the decision frame is to ask simple questions, such
as the following: (i) what is the problem? (ii) what question are we trying to ad-
dress? (iii) what decisions might we have to make? (iv) what are the uncertainties?
(v) what is the important background information? and (vi) what questions are we
not trying to answer?

Another technique that is useful in framing a decision is to ask stakeholders what
the top issues are with regards to the opportunity. These issues and their associated
information can be categorized into facts, uncertainties and decisions. In this con-
text, a fact is known information, an uncertainty is a quantity or variable about which
the decision maker or the company has no control, and a decision is a choice that
the decision maker can control. The category of uncertainties is used in building
a model of the possible outcomes. A decision hierarchy of three different groups
can be used to segregate the decisions group: the policy decisions are those that
have already been made; the strategic decisions are those that are needed to solve
the problem; and the tactical decisions are those that will be made later. The deci-
sion hierarchy is useful in determining and maintaining focus during the decision
steps (Figure 2.5). The decision hierarchy is discussed in Chapters 9 and 14.

Other well-known management techniques may also be useful in this regard.
SWOT analysis, in which the strengths, weaknesses, opportunities and threats are
examined, and PEST analysis, in which the political, environmental, social and
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technical factors are discussed, can both be useful. Scenario descriptions, in which
a number of different “states of the world” are envisaged, can be useful to indicate
some of the issues at hand.

Some alternative solutions to the problem will generally emerge during a “fram-
ing session,” in which decision makers, project sponsors and other stakeholders meet
to determine the problem, the boundaries of the problems and other elements of the
decision frame. Additional alternatives can be generated using creative techniques,
such as brainstorming and blockbusting. Brainstorming is the creation of ideas and
alternatives, while blockbusting is used to remove mental “road-blocks.”

One method for seeking out viable alternatives is to generate a strategy table.
The strategic decisions from the decision hierarchy are used to generate alternatives
using the strategy table. For example, consider the situation in which an opportunity
existed to lease a new oil property. Should the company go ahead? Decisions that
are required now concern the exploration, the development and the infrastructure
alternatives. Tactical decisions are those that are required later, such as, the choice
of engineering contractor. The strategic decisions become the column headings for
the strategy table, and the various options for each strategic decision are listed under
each heading. These options are then linked together in a coherent set of choices,
called a theme. The theme should have an objective and a rationale that links the
various choices together in an identifiable solution strategy. These themes are viable
alternatives for the solution of the problem as a whole.

An example of a strategy table is shown in Figure 2.6. There are three elements
to the strategic decisions for this problem, which are the headings for columns of
the strategy table. Options for each of these strategic decisions are listed in each of
the columns. A strategy is the set of choices from each column that is coherent and
coordinated, and is linked by a theme or rationale that drives that particular set of
choices. The strategic theme shown in Figure 2.6 is the “low cost” strategy, which
links the choice of the Alpha Field as the exploration target with the Platform as the
means of production and the Pipeline option for the infrastructure choice. The use
of the strategy table to create alternative solutions is illustrated in Chapters 9 and 14.

The framing stage of the decision process determines the problem and the bound-
aries of the problem, that is, what has already been decided, what needs to be de-
cided and what is permissible in moving forward. The framing stage should deliver
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a clear understanding of the problem, its limits, the decision objectives and several
themed strategies that are viable possible solutions. The next step of the decision
process is the analysis of these alternatives to determine the most attractive alterna-
tive.

2.7.3 Evaluate: the Assessment of Alternatives Based on Criteria

The second step is the evaluation of alternatives against a set of requirements or
criteria. Three things are required to perform this step: (i) alternatives, which have
been generated in the decision framing step; (ii) a set of criteria; and (iii) a method
of evaluation. The set of criteria in general decision-making can be broad. However,
in investment decisions, the main criterion is usually that the company should create
wealth for its shareholders, that is, the project seeking approval must be econom-
ically viable or profitable. The senior management of a company usually specify
a measure of profitability that must be used, like the payback period and return
on investment discussed in Chapter 1. The method of evaluation involves both the
methods for the calculation of the decision criteria and a method for assessing the
most attractive alternative. A number of methods are discussed in Chapter 6.

A number of tools can assist in the evaluation stage. Influence diagrams are one
these. They link the uncertainties and choices that were delineated in the framing
step to the decision criteria. The influence diagrams are used to determine that all
the factors that influence the decision have been included in the evaluation, and they
are used to build a model of the decision criteria. They create a visual understanding
of the interactions between the factors that influence the decision criteria. Influence
diagrams and their application to capital project decisions are discussed in detail in
Chapter 9.

Decision trees link the outcomes of events and decisions to the value of the deci-
sion criteria. Choices and events create different outcomes and these are represented
as different paths on the decision tree. The values of the final outcomes are used to
determine the optimal choice or set of choices. Decision tree analysis is presented
in further detail in Chapter 14.
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Other useful techniques in the evaluation stage are sensitivity analysis and scen-
ario analysis. Sensitivity analysis is the determination of how much the decision
criterion changes in response to variations in input values. For example, say profit
was the decision measure, and two of the uncertainties are the level of market pene-
tration and the production cost per unit. The sensitivity of the first uncertainty is the
amount of change of the profit to a change in market share, and the sensitivity of the
second uncertainty is the amount of change of the profit to a change in production
cost. Scenario analysis is the description of several scenarios, and the examination
of the impact of the outcomes expressed in the different scenarios on the decision
criteria. The application of scenario and sensitivity analysis to the assessment of
capital projects is discussed in further detail in Chapter 9.

2.7.4 Decide: the Act of Decision-making

The final step is the act of choosing the preferred alternative and implementing the
decision. This may take a variety of forms depending on the stage of development
of the project and the decision that has been made. For example, there are a number
of decision stages in the approval of a capital project, each one of which will require
the three decision-making steps discussed. The engineering and approval processes
are generally aligned, as shown in Figure 2.7. Once approval has been granted for
the next stage, the engineering, projects and business teams implement that next
phase.

The project moves through the stages outlined in Figure 2.7. Finally, the en-
gineering and projects team enter the stage of detailed engineering. Detailed en-
gineering is followed by the implementation phase, which involves procurement,
construction and commissioning. Once the project has been implemented, a post
audit is usually conducted to assess the effectiveness of the decision-making.

Role Stage of Project
Business p Business Business Final Business
Development S e Case Plan Plan
Engineering Concept
Study | — ] Pre-Feasibility
Feasibility
Detailed Engineering
Sy S—y Sy S—y
Approval
PP + Accept next - Accept next - Accept next - Accept implementation plan
phase plan phase plan phase plan

Figure 2.7 An overview of the business development, engineering design and approval phases for
a project
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2.8 The Practice of Decision-making for Capital Projects

Capital projects involve significant capital resources, the benefits of which will be
experienced over many years. As such, there is a sense in which the present is sac-
rificed for the future. In the practice of making decisions about whether to invest in
a project, companies will classify projects and determine the relationship between
projects. These topics are discussed before discussing the decision authority for cap-
ital projects.

2.8.1 Classification of Capital Projects

Most organizations specify guidelines that assist managers in their motivation of
a particular proposal. The guidelines may include a classification system for invest-
ment proposals that is appropriate to the company. The decisions concerning capital
investment may be classified according to a variety of different measures depending
on what is considered important about the project and the decision to invest in it. For
example, the relationship between projects under consideration may be important.
Projects may be independent of one another, or, they may be mutually exclusive,
which means that only one of those under consideration can be chosen. They may
also be classified on basis of the method of evaluation. For example, they may be
classified into projects in which little or no detailed analysis is required, such as
projects that are required by law, and those where detailed analysis is both possible
and necessary, such as new equipment. A further classification might be made based
on project risk. Low risk projects might be those such as equipment replacement de-
cisions, normal risk projects may be those such as the expansion of the production
capacity of the manufacturing operations, while high risk projects may be those such
as the development of a new line of business.

The most practical distinction between projects is made based on whether the
project is mandatory or discretionary. Mandatory projects are those that are required
by law or contractual obligations, those that are required in order to maintain product
quality or the process reliability, and those that are required to replace equipment.
Discretionary projects are those that expand production, that create new business
lines or that cut costs.

2.8.2 Relationship Between Projects

The relationship or dependency between proposed projects is an important consid-
eration in making decisions concerning projects. The possible relationships between
projects are the following:
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@) Mutually exclusive. Only one of the proposals may be accepted, so that the
acceptance of one proposal precludes the other possibilities.

(ii))  Independent. More than one proposal can be accepted, and each proposal has
no influence on the others.

(iii)) Complementary. The acceptance of one proposal enhances the prospects of
another proposal.

(iv) Contingent. The acceptance of one proposal is dependent on the prior accep-
tance of another project.

These relationships between the projects influence the decisions concerning them,
and should be acknowledged clearly in the decision process.

2.8.3 Decision Authority for Capital Projects

It has been argued that investment decisions are a critical part of a company’s suc-
cess. However, in contrast to other strategic decisions, decisions on capital projects
are decentralized, from corporate to divisions, divisions to operations, from opera-
tions to departments. Central control is exercised by setting budget limits for capital
expenditure, hence the name capital budgeting. The board of directors sets approval
limits on capital expenditure for the chief executive officer and the senior execu-
tives. The senior management then cascades these limits down to middle manage-
ment positions along with other objectives, roles and responsibilities. Thus, the site
of the decision-making authority depends on the size of the proposal. An example
of the decision-making authority for different sized projects within a company is il-
lustrated in Table 2.1. As shown in Figure 2.7, most projects are executed in stages.
The early stages are exploratory, and even though it may eventually be a large pro-
posal requiring the approval of the board of directors, it starts off as a divisional
project requiring divisional approval for an initial engineering study.

The aims of the company and the purpose and role of the management of the
company have been examined in broad terms in previous sections of this chapter.
Two case studies of the practice of decision-making for the allocation of capital are
described next. These examples are typical, generic descriptions of actual practice
in a company. The first concerns a small project, and the other, a large project.

Table 2.1 An illustration of the investment authority for projects of different sizes

Project size Authority
Very small Less than $100,000 Plant
Small $100,000 to $1 million Division
Medium $1 million to $10 million ~Corporate Investment Committee

Large Over $10 million CEO and Board of Directors




38 2 The Theory and Practice of Decision-making Concerning Capital Projects

2.8.4 Case Study: Small Project

Rob Sinclair is the member of the company’s divisional development team. The de-
velopment team’s primary responsibility is to investigate improvements to the oper-
ations. These can consist of a variety of projects, from those for improved efficiency
through to those for cost cutting. One of Rob’s projects concerns the processing of
the raw material to improve the overall cost position of the division. In discussion
with the plant engineer, Rob has identified that the mill, a major consumer of energy
in the plant, could benefit from advanced control techniques. Rob estimates that ad-
vanced control techniques might make savings in the electricity costs and might
improve product quality. Rob obtains quotations from the two vendors who supply
advanced controls systems for mills, and estimates the benefits.

Armed with a rough “business case,” Rob needs to get the approval of the op-
erations manager. The operations manager is the king of the plant; he can veto or
block any initiative on the plant. Reasons for his decisions are not for questioning.
If other managers seek to challenge him, he replies that their proposals are a risk
to “his” operation. The operations manager views technological change with sus-
picion; however, competitors have implemented the same control system at their
operations without disruption. Much to Rob’s surprise, both the operations manager
and Rob’s superior give approval to prepare the engineering design and the invest-
ment proposal.

Rob contacts the two vendors, each of whom provide an engineering design and
an estimate of the capital and operating costs. Rob determines the benefits to the
operations, estimating the electricity savings based on the savings achieved by the
competitors that they reported at the local branch meeting of the engineering pro-
fessional institute. Rob decides that although the improved quality from the mill
is important, it is not possible for him to quantify this, so he excludes it from his
estimate of cost savings.

The capital cost is higher than Rob originally anticipated. He was hoping that he
could keep the project decision at plant level, but this is not possible. As a result,
the decision will be made at divisional level. He believes that it is more difficult to
get projects approved at plant and divisional level than at corporate level. However,
significantly more work is required to prepare a proposal for approval at corporate
level, so he does not want it to be large enough that it needs the approval from the
corporate investment committee. He has observed that higher-level managers in the
company are more interested in projects that improve chances for the growth of the
business, while the lower level managers are interested in projects that improve the
efficiency of the manufacturing process. Cost-cutting measures have the best chance
of approval at plant level.

Rob’s calculations indicate that the payback period is 2 years, which is longer
than those approved by the division in the previous year. Part of the cost of the
project is the lost production while the new system is being installed and commis-
sioned. Rob gets the vendors to redesign an implementation programme that results
in minimal disruption to the production from the plant in an attempt to decrease
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the payback period. The vendors’ work results in reduced disruption, so that the
payback period is reduced to 1.6 years.

Rob also computes several measures of economic viability based on discounted
cash flow (DCF) techniques, which account for the time value of money. The com-
pany has several defined procedures for doing this. For this type of project, he must
assume that the project has a ten-year life, that all prices are escalated at 6% for
inflation, and that the calculations are based on after-tax cash flows. Rob assumes
that the reduction in electricity consumption will be constant over the period. Rob
does not perform an assessment of the financial risk. Although he calculated the
more sophisticated DCF measures required by the company, the project is discussed
solely in terms of its payback period at plant level.

Rob prepares a request for funds. It is a two-page document with a technical
description and comments on the benefits, including the possible effect the control
system may have on product quality. Rob sends it to the plant manager, who has an
overview of all the requests for capital funds sent from the plant to the division. The
plant manager is not particularly impressed with the project, but he has respect for
Rob because of his success in previous projects. The plant manager sends it to the
plant engineer for comment, before submitting it, along with other requests, to the
divisional headquarters. The company has an annual capital budgeting and planning
cycle during which the budgets for capital equipment are set for the year ahead. The
plant manager knows that he has not exceeded the budgeted amount for the plant.

The person at the divisional headquarters who has the most influence on the
decision is a vice president in charge of operations. He has prior knowledge of all
of the requests for capital from the scheduled meetings with the plant manager. The
company policy is to decide on capital expenditure based on the internal rate of
return (IRR), one of the DCF measures that Rob has calculated. He notes that the
IRR for this project is above the rate required by the company for acceptance, called
the “hurdle rate.” He trusts that Rob has calculated these values according to the
company’s procedures, and he trusts the review process undertaken at the plant.

The division has a fixed budget for capital expenses, which is split between
mandatory and discretionary projects. The funding for mandatory projects across
all the division’s plants has increased, so that there is a significant shortfall of funds
available for the discretionary projects. The division could make a request for ad-
ditional funds from corporate, but the divisional president views this unfavourably,
because he believes it will create a perception at corporate that he cannot control his
budget or his operations.

If all the projects were ranked according to IRR, and only those with the high-
est IRR selected, Rob’s project would not be selected. However, the vice president
believes that Rob has been conservative in his estimates so he personally backs it at
the meeting to review capital projects. He also argues that it is necessary to begin
to examine advanced control systems for all their plants, and that this is an excel-
lent way to do that with minimal cost and disruption to production. The project is
approved.
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2.8.5 Case Study: Large Project

Sarah Charlton is the divisional technology manager responsible for three of the di-
vision’s nine operations. The other six operations are upstream of the three plants
for which she is responsible. Demand for the division’s products has increased over
a number of years. Sarah believes that one of the plants within her remit will be-
come capacity constrained within the next three years. The plant is not core to the
division’s primary business; however, it produces commodity products, and because
most of the production costs are assigned to the core products, the plant ranks as
one of the producers with the lowest costs in the industry.

She is concerned; no one in the divisional planning department or strategy de-
partment has mentioned the impending capacity constraint. In her opinion, this is
a major oversight, because it takes about three years to approve a large project and
begin construction. She raises this concern with the vice president in charge of op-
erations. He asks her to prepare a proposal with a budget to perform an initial esti-
mate of the capital costs, called an order-of-magnitude estimate. This proposal is to
be submitted to the divisional steering committee, which is a subcommittee of the
divisional executive committee.

Although there are few similar operations in the world, and none that have been
constructed in the last twenty years, Sarah estimates that the capital cost will be in
the region of $500 million if a new operation is built, and $350 million if a significant
amount of the current equipment can be used. She obtains this estimate by escalating
the capital costs of the current plant in order to account for inflation from the date
when it was built. Generally, the cost of obtaining an initial capital estimate (order
of magnitude estimate) costs between 0.1 and 0.5% of the estimate itself. Sarah’s
budget request for an engineering firm to perform the order-of-magnitude estimate is
about $2.5 million. Her proposal to the steering committee is based on two factors:
firstly, the strategic need for an entirely new plant, and, secondly, an analysis of the
project financials and economics.

There has been talk in the past to sell this operation because it is non-core busi-
ness, so the economics must be attractive and the business case compelling to jus-
tify the construction of an entirely new operation. The methods for the analysis
of the project financials are specified by corporate: all decisions are based on net
present value, a discounted cash flow technique, using a discount rate derived from
the weighted average cost of capital plus two percent for country risk. She has to
value the operations based on a twenty-year life for the plant. She estimates three
different scenarios based on different capital requirements. While all three scenarios
are positive, they are only just positive.

At the next monthly meeting of the steering committee, she gets approval for the
initial phase of the order-of-magnitude cost study.

Sarah and her technology manager at the facility recognize the opportunity to
install modern systems and possibly new process technology. Her choice of the en-
gineering contractor for this initial cost estimate is based on her assessment of their
technical ability at the conceptual level of design. She is acutely aware of the need
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to keep the capital as low as possible, and instructs the engineering company to use
as much of the existing equipment as possible.

While the capital budget for the division is larger than $100 million a year, pro-
posals such as this do not occur often, perhaps once every four years across the entire
division. As a result, they are studied in more detail and more departments are in-
volved than for the smaller projects where the economic analysis is standardized
and the decision-making is decentralized throughout the division. Two other depart-
ments at divisional headquarters will have input into the decisions as the project
moves forward. These are the Projects Department and the Strategic Planning De-
partment.

Sarah assesses that she needs to build alliances within the Strategic Planning
Department and the Projects Department, both of whom will assess the project as
it moves through the early engineering approval stages. The Projects Department
is primarily a project management department, responsible for managing engineer-
ing projects. The Projects Department usually prepares the investment proposals
for major capital expenditure for approval by the Corporate Investment Committee.
The Strategic Planning Department is responsible for production forecasting and
the overall scheduling of these production plans within the division. Any planned
capital expenditure must also fit into their forecasts of the division’s activities. At
a later stage, Sarah’s project will also be assessed by the division’s Corporate Fi-
nance Department.

Due to some superb engineering by Sarah’s technology team and the engineering
company, the estimate for the capital cost of the new operation is $250 million. The
error limits on this estimate are +/- 30%. Sarah reports the findings to the steering
committee. The project is assigned to the Projects Department, which is responsible
for guiding it through the engineering design and capital approval process. A project
manager is assigned to the project. Sarah’s role now is as technical leader on the
project. In addition, Sarah has secured for herself the role of producing the project
financials and the financial evaluation of the project.

The Projects Department convene a framing meeting. A wide range of depart-
ments within the division is represented at the meeting, which is held to clarify the
decision frame for the project. Following the framing meeting, the project moves
through two further stages of engineering design: the pre-feasibility and feasibility
stages. At the end of each stage, approval is sought from the steering committee for
the funds to engage in the next stage. At the end of the feasibility stage, before the
basic engineering work is approved, the project is assessed and examined from both
technical and economic viewpoints. The project financials that Sarah has produced
and refined throughout the various stages of design are scrutinised by the division’s
corporate finance department. The design is reviewed by a team of experts chosen
from within the division and from external consultants.

A project of this size needs corporate approval. The project is placed on the
agenda for the Corporate Investment Committee and onto the agenda for the meet-
ing of the corporate Board of Directors. This establishes a deadline for the com-
pletion of the feasibility stage of the engineering and the financial evaluation of the
project. Prior to the meeting of the Corporate Investment Committee, the corporate
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Technical Department, the corporate Finance Department and the Strategic Planning
Department need to assess and approve the project.

An investment proposal is prepared in accordance with the prescribed format
and topics required by the Corporate Investment Committee. Because Sarah has
maintained close contact with the Projects Department, she and the project man-
ager are the prime authors of the proposal. She does this work in addition to her
regular duties as technology manager. Sarah’s project eventually is approved by all
the departments, the Corporate Investment Committee and, finally, by the Board of
Directors.

2.9 Summary

An overview of an investment in a capital project by an organization was given in
Chapter 1. This chapter has provided an overview of the business context of the
decision to invest in projects. The history of the field has roots in economics, en-
gineering, financial management and accounting. As such, it is a truly interdisci-
plinary activity.

The financial evaluation of projects within a company is known more commonly
within the fields of financial management and corporate finance as capital budgeting
and within the engineering community as engineering economy. Since the process
of allocating funds to the investment in capital projects is a managerial function that
is at the heart of the company’s future, it is often assumed that the decision-making
process is a financial function that lies with the chief financial officer (CFO). In
reality, many of the decisions are evaluated and made by technical and engineer-
ing staff several layers deeper in the hierarchy than the CFO. Capital budgeting is
a decentralized function, governed managerially by setting approval limits. Capital
budgeting is also part of long range planning and it must be integrated into the com-
pany’s business plan and strategy.

The goal of the financial management of a company is to increase the value of
the company for the owners of the company. The owners have tasked the manage-
ment, through the Board of Directors, to run the company so that the owner’s value
increases. The company must be run profitably on both a year-by-year basis, and
in the longer-term. The benefits of a profitable company flow to society as a whole
through the payment of tax, and to other stakeholders such as the suppliers and
customers, employees and owners. For the company to run a profitable operation
in the longer-term, the management must continuously approve projects that they
anticipate will create value for the shareholders. Management must make the right
decisions about which projects to approve for a profitable future.

A decision is a good decision if process for making it is transparent, inclusive, ra-
tional and unbiased. There are a number of descriptions of the decision-making pro-
cess, and all of them have similar elements. The three-step process is described. The
first step, called “frame,” is the framing of the decision. It consists of the recogni-
tion for the need for a decision, the definition of the decision required, its boundaries
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and permitted solutions, the definition of the decision objectives, and the creation
of alternatives. The second step, called “evaluate,” is the assessment of the alter-
natives. It consists of the specification of the decision criteria, the assessment of
the alternatives, the generation of further insight into the decision problem, and the
recommendation of the preferred choice. The third step, called “decide,” is the ac-
tual decision. It consists of making the decision, implementing the preferred choice,
monitoring developments and evaluating the performance.

The project proposals for the investment in fixed capital are usually prepared in
accordance with procedures specified by the company. There are no globally ac-
cepted procedures, and each company has different requirements for the preparation
of proposals. A practical distinction between projects that is often useful can be on
the basis of whether the project is mandatory or discretionary. Mandatory projects
are those that must be implemented. Reasons for these projects may be that they
are required because of contracts or regulations, or, more commonly, they are re-
quired to maintain product quality and process reliability. Discretionary projects are
those that are not mandatory. Examples are process improvements, expansions, new
products or cost-cutting exercises.

The decision authority for the approval of projects is cascaded down through an
organization. The site of the decision depends on the size of the project and the
levels of authority within the organization. The approval process for a larger project
is usually staged. The engineering design and approval stages are coordinated so
that the correct approvals are obtained with the correct engineering information.

The engineers and scientists in an organization must be able to communicate
effectively with one another about financial issues and with the personnel from the
accounting and finance departments. This requirement to communicate effectively
becomes a prime skill as the career of the engineer or scientist develops.

2.10 Looking Ahead

The key concepts of accounting are discussed in the next chapter. These concepts are
formulated as the three financial statements: the balance sheet, the income statement
and the cash flow statement. The construction of these financial statements from
business transactions is discussed. The relationship between the financial statements
and with project financials is explained. Finally, the measures of the performance of
a business are presented.

2.11 Review Questions

1. What is the difference between cost-benefit analysis, engineering economics,
and capital budgeting?
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11.

13.
14.
15.
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What does financial success mean for financial accounting and financial man-
agement?

Why is it important for engineers and scientists to understand the viewpoints
of financial accountants and financial managements?

What are the main drivers of value in a company?

What is the aim of the company’s management?

What affects the value of a company?

What are the sources of funds for a company?

How do the activities of a company benefit society?

What are the roles of financial management within a company?

What are the main types of decisions made by the financial managers of
a company?

Outline the types of evaluation that a project decision can be based on.

What are the basic stages of a decision?

What are programmed decisions?

How are projects classified?

Describe the decision-making process for a small and a large project in a com-

pany.

2.12 Exercises

1.

In the description of both small and large projects, there seemed to be a shortage
of capital for investment in projects. In fact, the name “capital budgeting,” for
the approval process and techniques for assessment of projects used in the field
of financial management suggests a shortage of funds that must be budgeted.
Surely if a project is a winner, the company should raise the extra financing
to fund it, and thereby grow the company. This limitation of funds is called
capital rationing. Discuss reasons why there might be a rationing of funds within
a company.



Chapter 3
Financial Statements

3.1 Introduction

A high-level understanding of accounting is required by most engineers and sci-
entists within a company in order to communicate with the company’s managers
and accounting staff. Knowledge of the concepts and principles is also necessary
in order to determine the relationship between the project cash flows, as discussed
in Chapter 1 for the Santa Clara Hydroelectric Power Scheme, and their effect on
the financial statements. Although this is usually the role of the corporate finance
department of a company, an understanding of the issues important to the financial
manager will enhance communication between the different functions in the com-
pany.

This chapter discusses the major accounting principles and the terminology re-
quired in order to interpret the financial accounts for a company. This terminology
is also required in order to understand the economic viability for a particular en-
gineering project, and the impact the project may have on the company. The dis-
cussion of accounting is restricted to the transactions that constitute the financial
statements; a more detailed study of the mechanics of accounting is left to the inter-
ested reader.

3.2 Business Process and the Dual Nature of Transactions

A company begins life with neither assets nor liabilities. It owns nothing and nobody
owes it anything. The company raises funds, called share capital, from its owners
for the purpose of entering the field of business in which the company wishes to
engage. For example, the company raises $200,000 from an entrepreneur in order
to start a factory to produce gas nozzles. The $200,000 is known as share capital or
equity capital, and the entrepreneur has shares in the company. If the entrepreneur
is the only investor, he owns all the shares and is the owner of the company.

45
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Further capital can be raised in the form of loans, bonds, and mortgages. For ex-
ample, say the nozzle company required a further $200,000 in order to start produc-
tion. The company may borrow this capital from a bank in the form of a long-term
loan. This type of capital is called debt capital.

The company invests the total capital in building the production facility and get-
ting production started. There are different components to this investment: (i) the
company acquires buildings and equipment that are used in the manufacture of the
product; (ii) it acquires some equipment that is not used in the manufacturing pro-
cess, but is required for the business; and (iii) it purchases stock of the raw materials
that are used in making the product. Items (i) and (ii) are called fixed capital items,
while item (iii) is called working capital. So, the company uses the capital to invest
in fixed capital and working capital in order to begin business.

3.2.1 The Dual Nature of Transactions

Each of these initial transactions has a dual nature to it. For example, the com-
pany raised initial equity of $200,000 from the owner. The owner provided cash
in exchange for a share of ownership of the company. This means that after this
transaction the company has $200,000 of cash assets, and the owner’s portion of
the business, which is called equity or owner’s equity, exactly matches these cash
assets. This is illustrated in Figure 3.1a.

The company raised a further amount of $200,000 in the form of a loan from the
bank. This transaction increases the cash assets, and increases the amount of money
the company owes to others, called liabilities. This is shown in Figure 3.1b.

In the next transaction, the company uses some of this cash that it has obtained
from the owner and the bank to purchase equipment. This decreases the cash but
adds a physical asset of the same value as the cash spent to the list of assets. This
transaction is shown in Figure 3.1c.

These three transactions each have a dual nature to them. If cash comes into the
business from an owner, it increases the owner’s “claim” to the assets of the business
by that amount. If equipment is purchased for cash, the amount of cash decreases
and the value of equipment that the company owns, called fixed assets, increases.
The dual nature of transactions leads to the important idea of the accounting equa-
tion, which is a balance between what the company owns and what the company is
owed.

The company has raised both equity from its owners and debt from it lenders and
has purchased assets. In other words, the company has assets that it owns, and it has
liabilities that it owes to its lenders. The difference between these two quantities is
called the shareholders’ equity, which is “owned by” or “due to” the shareholders.
The relationship between these variables is given by the following equation:

Assets — Liabilities = Equity (3.1)

The assets of the company are items of value owned by the company or items of
value in which the company has an interest (called a beneficial interest). Liabilities
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Figure 3.1 a The company’s first transaction: raising cash from the owners to fund the company’s
business plan. b The second transaction: raising more cash from the bank to fund the company’s
business plan. ¢ The third transaction: purchasing of manufacturing equipment to execute the com-
pany’s business plan.

are items that the company owes to others, usually debts in some form or another,
while equity is the amount that is deemed to be due to the shareholders or owners
of the company. The accounting equation can be rearranged to express this idea in
the following form:

Assets = Liabilities + Equity 3.2)

The accounting equation in this form expresses the idea that all the assets of
a company are either owed to lenders or “belong” to the owners. More formally,
the assets have a claim against them, either in form of liabilities, or in the form of
the claim by the owners. If the business of the company was stopped today, and all
the assets sold, the proceeds from the sale would be distributed to the company’s
lenders (and creditors) and the company’s owners. The term on the right-hand side
of Equation 3.2 can be called the “claims” against the value of the company’s assets.
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It is the accounting equation and the recognition of the dual aspect of each trans-
action that balances the financial statements.

3.2.2 Business Process

Once the company is in production, it spends money on acquiring all the materials
and services that are needed to make and distribute its products, and sells these
products to customers. The difference between the total sales and the total costs
is called the gross profit, or sometimes the gross earnings or gross margin. Profit
and earnings are different terms used in the UK and the US for the same thing.
The differences between accounting terms used in the UK and the US is given in
Appendix A.

Before declaring a net profit, the company must pay the interest on any loans that
are outstanding to the debt-holders, and pay tax to the government authorities. The
interest repayment is deducted from the profit prior to performing the tax calcula-
tion. This means that the interest portion of the loan is not subject to income tax; in
other words, the interest portion is “tax deductible.”

The tax is paid on “taxable income” according to the tax legislation of the country
or jurisdiction in which the company operates. The tax is normally proportional to
the taxable income, and the proportionality factor is called the tax rate. The tax rate
varies from country to country, and in most countries has changed significantly over
the last thirty years.

The amount of profit remaining after the payment of interest and taxation is called
the net profit, or the “profit after tax.” Part of the profit can be paid to shareholders
as a dividend, and part is retained to add to the company’s asset base, so that the
company has further resources to pursue its business activities. Retaining a portion
of the profits allows the business to maintain the operations at the same level of
profitability, and, if sufficiently profitable, to grow the operations. This creates value
for the owners, which it was argued in Chapter 2, is the aim of the management of
a business.

Profit is a feedback loop. If the company is meeting customer needs, controlling
costs, and has an appropriate mix of funding from owners and lenders, the profit
should be sufficient to maintain operations. If the company is doing these excel-
lently, there should be sufficient funds to expand operations. As a result, profit is
a prime measure of the effectiveness of a business and its management.

The business needs to keep track of all the transactions that make up each of these
steps so that management can make the correct operational, financial and strategic
decisions, that the correct amount of tax is paid, and that the shareholders and other
interested parties, such as potential customers and suppliers, can assess the well-
being of the company. The collection and collation of these records into a form
that is useful is the field of accounting. The financial records of a business, and
the principles and conventions of accounting are discussed in the next couple of
sections. After this brief background, the financial statements are examined.
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3.3 Financial Records

Businesses keep records of their transactions in order to manage their operations.
These records assist in tracking the movement of goods and money. The records of
transactions are consolidated into the company’s financial statements, which provide
a snapshot of the state of the business at a point in time and of the performance of
the business since the last financial statements were prepared.

A wide range of interested parties uses the financial statements of the business.
The business’ management, the owners, the bankers, the potential investors, the tax
authorities, the employees, the trade unions and the pension funds are examples of
some of the parties who may be interested in the company’s financial statements.

The directors of the company have a duty to ensure that the appropriate account-
ing records are maintained, prepared and submitted. This duty is a legal responsi-
bility that cannot be delegated to anyone else, for example, to the financial director.
All directors are jointly liable for the financial records. The directors of a company
are required to produce an annual report, which consists of the following reports:

(i) Directors’ report
(i)  Auditor’s report
(iii)  Financial statements

The financial statements must consist of a balance sheet and an income statement.
The income statement is also known as a “profit and loss account,” and in this chap-
ter the terms are used interchangeably. This difference in terminology arises from
differences in terms used in the UK and the USA. As mentioned before, a table of
equivalent terms for the US and the UK is given in Appendix A. Often a cash flow
statement is included in the financial statements. Other statements, such as a state-
ment of change in equity may be included.

The financial statements must be a fair reflection of the state of the company.
In order to prepare these financial statements so that they can be assessed by the
various parties interested in the business and so that the financial statements of dif-
ferent businesses can be compared on a similar basis, accounting has created and
adopted a number of principles and conventions. The conventions that are important
for a high-level understanding of the financial statements are discussed in the next
section.

3.4 Accounting Principles and Conventions

The financial statements of a company are prepared according to a set of rules,
precedents and guiding principles. They are formulated as the “Generally Accepted
Accounting Principles” (GAAP). The accounting profession in each country has
a different variation of the accounting principles. For example, companies within the
US are currently required to report according to US GAAP, which is the variation of
GAAP adopted by the accounting profession in the USA. Recently there has been
a movement to harmonize the accounting standards across different countries with
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the formulation of the “International Financial Reporting Standards™ (IFRS). The
European Union and many other countries have adapted their standards to comply
with IFRS, or have adopted IFRS completely. Since 2005, the accounts of all public
companies in the EU have been reported according to IFRS.

Although it is not necessary to have a detailed understanding of the GAAP or the
IFRS rules in order to understand the financial statements, it is necessary to under-
stand some of the basic principles and conventions in accounting. Of the conventions
of accounting, there are three that impact on the understanding of accounting for the
purposes of the chapters that follow. These are: (i) business entity; (ii) accrual ac-
counting; and (iii) historical cost.

3.4.1 Business Entity

The business and its owners are treated separately for the purposes of accounting.
This differs from the legal treatment, where there is no separation between the busi-
ness and its owners in some types of business.

The three main forms of legal structures of a business are a sole proprietorship,
a partnership, and a corporation or limited company. Legally, the owner of a pro-
prietorship is personally responsible for the debts of the business. The owners of
a partnership are jointly and severally responsible, meaning that creditors can at-
tempt to recover bad debts from all the owners, or each one separately, in their
personal capacities. A limited company, or corporation, is limited in the sense that
the most that the owners can lose is their equity investment in the company. Cred-
itors cannot attempt to recover bad debts from the personal assets of the owners of
a company. Personal assets are not at risk for owners of limited companies. Direc-
tors of limited companies or corporations have additional fiduciary duties that may
not provide them with the same protection as owners or shareholders. Irrespective
of the legal structure, from one another the accounts for the business and for the
owners of the business are separate.

3.4.2 Accrual Accounting

In cash accounting, a sale is recognised when the cash comes in and a purchase when
cash departs. Cash accounting is easy to conceptualise. Imagine a local hardware
store. If the owner sells an item, cash comes into the till. If the owner needs to buy
stock or pay rent, cash comes out of the till. A business like this does not generally
sell to customers on credit. The result is that the profitability of the business can
be measured by how full the cash register is. Because everything is done on a cash
basis, there is no difference between cash and profit.

Accrual accounting, on the other hand, is designed to allow for more complex
transactions, like credit sales. It recognises a sale when it occurs, that is, when the
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sale documents are signed, not when the customer finally pays the cash in settle-
ment. This means that there is a separation between the sales event and the cash
settlement event. Although more complex than cash accounting, it allows for the
more accurate reflection of transactions like credit sales and credit purchases. The
amount of creditors and debtors is critical for a company. Tools for their accurate
measurement and control are essential. Accrual accounting provides the mechanism
for this.

If the transaction occurs before the cash transfer, the transaction is accrued, and
if the transaction is recognised after the cash transfer, it is deferred. For example,
accrued revenue refers to revenue that is recognized before the cash is received for
the delivery of the product. Deferred taxation is the recognition of taxes owed but
not yet paid.

Because of the difference in timing between the recognition of a transaction and
cash receipt or payment, there is the need to match the expenses to the correct period
in which the revenue is recognised. This allows for the correct calculation of the
profit that a company has made in a particular period. For example, if a retailer sells
an item at the end of the accounting period, but does not pay the supplier for the item
until some time in the next accounting period (because the company simply delays
payment to the supplier), the cost of the item must be allocated to the previous
period, that is, the period in which the sale occurred.

The situation is slightly different for the purchase of assets whose useful life is
longer than a year. In this case, the cost of the asset is not allocated to the year in
which it was purchased. If the cost of the asset were allocated in total to the year
of purchase, it would have the effect of making the company less profitable or even
unprofitable in that year and then more profitable in other years when no assets
are purchased. This will undoubtedly have the detrimental and undesirable effect of
encouraging management to not purchase new equipment or to not replace ageing
equipment. Rather than allocating the entire cost of the asset to the year in which it
was purchased, the cost of the asset is spread out over its expected economic life.
The cost of the asset is allocated to the income statement over a number of years
in order to correctly reflect the profits and the performance of the company. This
procedure is called depreciation, and is discussed in further detail later.

3.4.3 Historical Cost

The figures in the accounts represent historical values. The accounts represent the
cost of acquiring the assets or goods at the date of acquisition. They do not represent
current values of the assets or goods, either as market values or as replacement
values. The value of an asset in the accounts, that is, its “book value,” is unrelated
to its value either within the business (replacement value) or to its value to others
(market value). Although this seems unrealistic, reporting that is based on historic
costs removes the requirement for valuation based on subjective opinion, which
could result in manipulation of the financial position. This convention also removes
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the need to adjust the figures for inflation, which would considerably complicate
accounting and the interpretation of the accounts.

This convention is supported by the “going concern” convention, which holds
that the business will continue operations for the foreseeable future. In other words,
there is no expectation that the business will need to sell off it assets and realise
values different from those based on historic costs represented in the financial state-
ments.

The historical costs principle is also in accord with the conservative position
adopted by accounting. For example, if losses are probable, and can be reasonably
estimated, they are recorded. However, if gains occur, these are only recorded when
they occur.

In the next section, the composition of the three main financial statements for
a company is discussed.

3.5 Financial Statements

The three main financial statements that are prepared for each reporting period are
the income statement, the balance sheet and the cash flow statement. These financial
statements are balances describing the profit, the assets and the cash position of
a company. The income statement and the cash flow statement are balances for the
accounting period under consideration, and the balance sheet is a balance over the
life of the company’s existence. This is reflected in the language used: the income
statement will state “for the year ending,” while the balance sheet will state “as at
the year ending.” This concept is shown in Figure 3.2.

Prior to discussing the construction of the financial statements, the business pro-
cess discussed in Section 3.2 is examined in more detail.

3.5.1 Basic Transactions in a Business

The business process that was discussed in Section 3.2 can be represented as a
flow diagram that illustrates the interaction between capital, operations and profit

h Flow for
iod

h Flow for
iod

h Flow for
iod

D T ° b T
D C = D ©
7} 7} <
= D = D =
» § 3  §
> > >
5 © 5 T 5 T
5 o 5 )
n o © 0 ©

e Statement
riod

e Statement
riod

e Statement
riod

Year one Year two Year three
—_—

Figure 3.2 The three main financial statements and their relationship with the reporting period
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in a business. This flow diagram is shown in Figure 3.3 for the reporting period
under consideration.

The beginning of the diagram is at the “capital reservoir,” shown as point (1)
on Figure 3.3. The capital reservoir is a source or sink of capital. The flow of cash
coming into the capital reservoir at point (1) represents cash raised as capital, either
as equity capital from shareholders, or as debt capital from debt-holders, such as
banks. This capital is used to invest in fixed and working assets (2).

The assets, liabilities and owner’s equity are balanced by the accounting equation
presented in Section 3.2, so that the value of the company’s assets is equal to the
company'’s liabilities plus the owners’ equity.

The assets are used in the operations, shown as point (3) on Figure 3.3, in the
production process of the company. Costs are incurred for the purchase of raw ma-
terials, the hiring of labour, purchase of energy and similar expenses. The products
or services of the business are sold for more than the costs that were incurred, which
generates profit for the project. The gross profit is the difference between the sales,
given by s;, and the costs, given by ¢,, for the operations:

Gross profit, = s; — ¢; 3.3)

The subscript ¢ on each of these variables represents the period under considera-
tion.

The taxation system in most countries allows the deduction from the profit of an
amount that is proportional to the fixed capital investment. This deduction reduces
the taxable income and encourages, but does not prescribe, investment in fixed cap-
ital. This deduction from the taxable income is called depreciation, or capital al-
lowance, or wear-and-tear allowance. Depreciation is not a cost or an expense, and
it does not reflect real expenses for the replacement of equipment. It is an allowance
that reduces the amount of tax paid. The concept of depreciation, and its calcula-
tion, will be discussed in more detail later in this chapter. The operating profit is
calculated by deducting depreciation, given by d;, from the gross profit.

Operating profit, = s; — ¢; — d; (3.4

This is also called profit before interest and taxation (PBIT) or earnings before
interest and taxation (EBIT). It is shown as point (4) on Figure 3.3.

Any interest payable on loans (i;) is deducted from the operating profit, so that
the profit after interest before tax, shown as point (5) on Figure 3.3, is given by the
following equation:

Profit after interest before tax, = Gross profit, —d; —i; = sy —c; —dy — iy (3.5)

Income tax is paid to the government at a rate 7. Income tax is not paid if the
taxable income is negative, that is, if there is a loss. If the company makes a profit,
the income tax paid is given by the following equation:

Income tax =T (s; —c; —d;y — iy) 3.6)
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The profit after tax, shown at point (6) on Figure 3.3, is given by the following
equation:

Profit after tax= (1 —T)(s; —c; —d; —iy) (3.7)

This is the accounting profit, net income or earnings for the business for the
period under consideration.

It is worth pointing out that the profit is not related to cash, since it includes
depreciation, which is a non-cash allowance that can be deducted from the profit
in order to calculate the tax. In order to calculate the cash that is generated in the
period, the depreciation must be added to the profit after tax. This is expressed as
follows:

Cash generated = (1 —T)(s; —c; —dy — i) + d; (3.8)

The cash generated, shown as point (7) on Figure 3.3, is added to the capital
reservoir (1) where the diagram began. The company can use the resources in the
capital reservoir to pay the shareholders a dividend, to repay the principal on any
outstanding loans, or to invest in other business opportunities.

The cycle repeats itself for each reporting period.

This flow diagram will be used to construct the financial statements.

The interaction of capital and profit shown in Figure 3.3 is the basis for the de-
velopment of the balance sheet and the income statement. The reporting “domain”
for both the income statement and the balance sheet is shown in Figure 3.4.
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Figure 3.3 Flow diagram representing the investment and operating transactions of the company
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Figure 3.4 The areas of interest to the income statement and balance sheet in reporting the com-
pany’s transactions

3.5.2 Income Statement

The purpose of a business, as discussed in Chapter 2, is to create value by making
a profit. The income statement, also known as the “profit and loss” account in the
UK, reports how much profit a business has made during a particular period of
operation, known as the reporting period.

In order to determine the profit, the revenues and the expenses must be identified.
The revenues, the result of a cash sale or a credit sale, may be generated in different
ways depending on the nature of the business. For a manufacturer, this is the amount
received for the sale of the manufactured goods; for an engineering consultancy,
this is the fee received for the services; for a bank, this is the interest received on
loans.

The expenses represent the out-flows incurred in generating the revenues. In the
same way in which revenue can be a result of cash or credit sales, expenses may
result in direct cash out-flows or in increases in the liabilities. Expenses are the costs
of purchasing the raw materials that are transformed into the company’s products, as
well as the salaries and wages, advertising, rent, transportation, insurance, telephone
and many others costs of doing business.

The profit is the difference between the total revenue (for the period) and the
total expenses (for the period). If this is negative, that is, the expenses exceed the
revenues, then a loss is incurred. Thus, the profit or the loss is expressed by the
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following equation:

Profit (loss) during period =Total Revenue for period 3.9)

— Total Expenses in generating revenue during period

The format of the income statement may vary depending on the business and the
financial reporting standards of the country in which the business is incorporated.
There are slight differences in the format of the income statement and the profit and
loss account. The different formats are shown in Figure 3.5. Usually the values for
the current reporting period and the previous period are given, enabling the com-

Johnson and Associates

Profit and Loss Account for the year ended 31 March 2008

31-Mar08 31-Mar07
Revenue 8,010,402 7,852,236
Cost of sales 4,204,696 4,177,387
Margin 3,805,706 3,674,849
Overheads:
Distribution 406,212 410,852
Sales force 701,844 654,655
Marketing 496,450 465,267
R&D 320,404 194,705
Finance 198,680 194,352
Administration 282,301 289,514
Depreciation 281,005 275,652
Total overheads 2,686,896 2,484,997
Profit before interest and taxation 1,118,810 1,189,852
Interest payable 47,269 65,281
Taxation 82,489 98,665
Net Profit 989,052 1,025,906

Johnson and Associates

Income Statement for the year ended 31 March 2008

31-Mar08 31Mar07
Sales 8,010,402 7,852,236
Cost of goods sold 4,204,696 4,177,387
Gross profit 3,805,706 3,674,849
Selling, General and Administrative
Distribution 406,212 410,852
Sales force 701,844 654,655
Marketing 496,450 465,267
R&D 320,404 194,705
Administration 282,301 289,514
Finance 198,680 194,352
Total 2,405,891 2,209,345
Depreciation 281,005 275,652
Operating Profit (EBIT) 1,118,810 1,189,852
Interest payable 47,269 65,281
Taxation 82,489 98,665
Net Income 989,052 1,025,906

Figure 3.5 Different reporting formats for the profit and loss account and the income statement



3.5 Financial Statements 57

parison of the performance of the company in the current period with that in the
previous period.

The expenses are separated in more useful categories than lumping them all to-
gether as implied in Equation 3.9. These different categories will be discussed in the
order that they are usually found in the income statement. The first section of the
income statement is concerned with calculating the gross profit (also called gross
margin). The Revenue, or Sales, is the first item in the income statement, and the
Cost of Sales, or the Cost of Goods Sold, follows this item. The costs of goods sold
are the direct costs incurred in the delivery of the product or the service to the cus-
tomer. The difference between the Revenue and the Cost of Goods Sold is the gross
margin or gross profit.

The next section of the income statement is concerned with the Overheads or the
Selling, General and Administrative category. These are the expenses other than the
direct costs of producing the company’s products or services that are incurred in the
running of the business. They include the distribution costs of the product, the costs
of the marketing and the sales departments, finance and administration costs, and
research and development costs.

The final section involves the deduction of interest, depreciation (if it hasn’t been
included in the overheads) and taxation. The figure arrived at is the net profit, or
“bottom line,” which indicates how much value the company has created during the
period.

The income statement can be derived from Figure 3.3 and reported in the same
order in which it was discussed. Thus beginning with the operations, following the
flow diagram around to net profit, the income statement for the company is given in
Table 3.1.

This discussion has provided an overview of the general principles of the income
statement. The details of the line items are now discussed.

i) Sales or revenue

The revenue or sales is the total invoiced to customers for the goods or services
provided. If, as is common, value-added tax (VAT) or general sales tax (GST) is

Table 3.1 Construction of the income statement

Income statement Value for reporting period
Sales St

Cost of goods sold ¢t

Gross profit S — Ct

Selling, general and administrative sgay

Depreciation d;

Operating profit (EBIT) 8 — ¢ —sga, —d;

Interest Payable i

Taxation T(s; —cr —sga, —i; —dp)

Net income (profit after interest and taxation) (1 =T)(s; —c; —sga; — iy —dy;)
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charged on goods and services, the sales quoted in the income statement excludes
the VAT or GST charge.

(i) Cost of sales or cost of goods sold

The cost of sales is the sum of the “direct” costs in producing the goods or ser-
vices, that is, all the production related expenses. For a manufacturing company, this
includes the purchase of raw materials, the employment of labour used directly in
the manufacturing process, and the other direct costs used in production, such as the
cost energy, rental of the factory premises, and so forth. If there was no production,
the direct production costs would be zero. This can be used as a practical test for
determining if the costs are costs of goods sold or not.

The cost of goods sold is often explained by the following relationship that con-
stitutes a balance on the inventory:

COGS = (Beginning Inventory)+ (Purchases of Inventory) — (Ending Inventory)
(3.10)

However, this ignores the production labour, and other production-related ex-
penses, like the need for energy and production premises. The inventory balance is
augmented by these additional factors to give the full cost of sales:

COGS = (Beginning Inventory)+ (Purchases of Inventory) — (Ending Inventory)
+ (Cost of Production Labour)+ (Other Direct Costs) (3.11)

(iii)  Overheads or selling, general and administrative expenses

The overheads, also called the selling, general and administrative expenses
(SGA), are the expenses incurred that are not directly associated with the production
activities, but are necessary in the running of the business. In the example shown in
Figure 3.5, these expenses are broken down in the categories by department. (Note
that depreciation is included in overheads in the profit and loss account but is not
part of SGA expenses in the income statement).

(iv)  Interest

Interest is the charge for borrowing money and is deducted from the profit before
calculating the amount of tax owed. The interest reduces the tax charged.

V) Depreciation

The full cost of an asset is not borne in the year of purchase on the income
statement; rather the cost of the asset is spread out over the life of the asset. This
spreading out over a number of years of the cost of the asset is called depreciation.
More formally, it is the allocation of the asset’s cost over its economic life. The total
depreciation for an asset must add up to the original cost of the asset. Depreciation
is the amount deducted from the profit to account for the purchase of fixed assets,
such as equipment.
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Depreciation also reduces the amount of tax paid, as shown for the taxation line
in Table 3.1. If the depreciation is spread over fewer years, the depreciation amount
is increased, and the tax paid over those years is reduced. The depreciation need not
be spread evenly, so that there may be a greater reduction in tax in the earlier years
of the asset’s life than in the later years. The amount of depreciation that is allowed
for the determination of taxes is prescribed by the taxation system of the country.
In the US, there is a system called MACRS (Modified Accelerated Cost Recovery
System), while in the UK it is fixed proportion of the book value of the asset, which
is a more straightforward system.

Depreciation is such a commonly misunderstood topic that it requires a more full
discussion than presented above. Because it has implications for both the income
statement and the balance sheet, a more detailed discussion is delayed until after
the discussion of the balance sheet. However, it is important to acknowledge three
aspects relating to depreciation: (i) that the costs of purchasing assets are not repre-
sented directly on the income statement; (ii) that they are spread out over a number
of years as depreciation; and (iii) that depreciation reduces the tax charge.

(vi)  Taxation

This is the corporate income tax charged. In some countries, this is a flat rate,
while in others it is a sliding scale. For example, in the UK, the corporate tax rate
is a flat rate of 30% of taxable income, while federal income tax rate in the USA is
according to a sliding scale given in a tax table. An example of a tax table is given
in Table 3.2. The corporate tax rate in different countries varies widely, as shown in
Table 3.3. Countries such as the USA and Canada also have a state or provincial tax
that is charged in addition to the federal or national tax.

Generally, losses that are incurred may be carried forward to the following year,
which means that these losses can be used to reduce the taxable income in the fol-
lowing year by the amount of the loss in the previous year.

(vii) Net income or net profit

The net income or net profit is the final line item (hence “bottom line”) on the
income statement, and represents a measure of the performance or productive effort
of the company for the year. The larger the profit, the better the performance.

Table 3.2 Example of a tax table

Taxable income over Not over Tax rate
0 50,000 15%
50,000 75,000 25%
75,000 100,000 34%
100,000 335,000 39%
335,000 10,000,000 34%
10,000,000 15,000,000 35%
15,000,000 18,333,333 38%

18,333,333 35%
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Table 3.3 Corporate Tax Rate (combined national and subnational) for OECD countries for 2000
and 2006 (OECD, 2006)

Country Corporate Tax Rate Corporate Tax Rate
in 2000 in 2006
Japan 40.9 39.5
United States 394 39.3
Germany 52.0 38.9
Canada 44.6 36.1
France 37.8 35.0
Spain 35.0 35.0
Belgium 40.2 34.0
Italy 37.0 33.0
New Zealand 33.0 33.0
Greece 40.0 32.0
Netherlands 35.0 31.5
Luxembourg 37.5 30.4
Mexico 35.0 30.0
Australia 34.0 30.0
Turkey 33.0 30.0
United Kingdom 30.0 30.0
Denmark 32.0 28.0
Norway 28.0 28.0
Sweden 28.0 28.0
Portugal 352 27.5
Korea 30.8 27.5
Czech Republic 31.0 26.0
Finland 29.0 26.0
Austria 34.0 25.0
Switzerland 24.9 21.3
Poland 30.0 19.0
Slovak Republic 29.0 19.0
Iceland 30.0 18.0
Hungary 18.0 16.0
Ireland 24.0 12.5
OECD Average 33.6 28.7

Note: Small changes are attributable to changes in provincial or state (subnational) rates.

3.5.3 Balance Sheet

The income statement measures performance of a company over the reporting pe-
riod; the balance sheet reports the value of the company at a point in time. It details
the forms in which the wealth of the company is held, and how much is held in each
form. The balance sheet is an implementation of the accounting equation discussed
in Section 3.2.1, in which assets of the business are balanced by the claims against
the business. It was shown in that section that the claims against a business are of
two types, the liabilities of the business, and the owners’ equity. Before we examine
the format of the balance sheet, we need to examine each of these terms.

(1) Assets

An asset is a resource that has monetary value and is owned by the business. The
value of an asset can arise through its use, or through its hire or sale. An obsolete
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piece of equipment that can be sold for scrap is an asset, while that which cannot be
sold is not an asset. The owner must have an exclusive right to or control of the asset
and the transaction that resulted in this right must have already been concluded.

Assets are normally divided into two categories: fixed assets and current assets.
Fixed assets, or non-current assets, are tangible items that are acquired for the pur-
pose of being used to generate revenue (rather than for resale). Fixed assets are
the equipment used by the business in generation of the company’s products; they
are not consumed quickly during their use. Typical fixed assets are items like land,
buildings, plant and equipment, fixtures and fittings, and vehicles. Most companies
will have an authorisation procedure for the acquisition of fixed assets. Although
definitions will differ from one organisation to another, this procedure is commonly
known as capital expenditure.

The value of a fixed asset represented on the balance sheet is the “book value,”
that is, the original cost of the asset less the accumulated depreciation.

The current assets are those items that can or will be turned into cash relatively
quickly, that is, in less than a year. For example, the company purchases stock,
and sells the product to the customer on credit. These two transactions involve three
items that are current assets: cash; stocks or inventory; and debtors. The stock is pur-
chased with cash and the product sold on credit increases the debtors. (Debtors still
owe the company for the products they have purchased from the company. Debtors
are also called accounts receivable.)

(i)  Liabilities

Liabilities represent claims that others, except the owner of the business, have
against the business. These claims usually arise from lending money to the busi-
ness, or supplying goods to the business on credit terms. Once a liability has been
incurred, it remains an obligation of the business until it is settled.

The liabilities are divided into current liabilities and long-term liabilities. Long-
term liabilities are not due for more than a year, whereas current liabilities are due
within a year. Long-term liabilities are items such as loans, while current liabilities
are items such as creditors and the bank overdraft. Creditors, to whom the company
owes money for the supply of stock, are sometimes called accounts payable.

(iii)) Equity

The equity in a business is the amount that is owed to the owners or shareholders
of the business. The equity arises from two main mechanisms: (i) the capital that was
raised from shareholders and owners to start the business; and (ii) the profit earned
by the business and not paid out to the shareholders. The investment by the owners
of the business is called the share capital or the common stock on the balance sheet.
The profits that are retained by the company (that is, not paid to the shareholders)
are called the reserves or retained earnings. Thus the retained earnings or profits are
the sum of all profits made by the company during its history less all the dividends
paid to the shareholders during the company’s history.

The relationship between these categories is given by the accounting equation,
which is expressed as follows:

Assets = Liabilities + Equity (3.12)
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Johnson and Associates
Balance Sheet as at 31 March 2008

31-Mar-08 31-Mar-07 31-Mar-08 31-Mar-07
Fixed assets 3,820,046 4,034,274 Shareholders funds
Book value 6,245,742 6,178,965 Capital 10,000 10,000
Accumulated depreciation _2,425 696 2,144,691 Profit reserves 2,854,612 2,544,792
Net book value 3,820,046 4,034,274 Revaluation reserve 812,000 812,000
Total Shareholders funds 3,676,612 3,366,792
Current assets
Stocks 612,550 589,365 Long-term liabilities
Debtors 3,254,522 2,740,005 Loan 1,700,000 1,700,000
Cash 440,548 112,450 Long-term creditors 75,442 88,354
Total Current Assets 4,307,620 3,441,820 Total long-term liabilities 1,775,442 1,788,354
Investments 200,000 200,000 Current liabilities
Creditors 2,875,612 2,520,948
Total Investment 8,327,666 7,676,094 Total finance employed 8,327,666 7,676,094

Figure 3.6 Balance sheet for Johnson and Associates in the horizontal format

Since the assets are comprised of fixed assets and current assets and the liabilities
consist of long-term liabilities and current liabilities, the accounting equation can be
expanded to give the following equation:

(Fixed Assets) + (Current Assets) = (Long term Liabilities)
+ (Current Liabilities) + Equity (3.13)

There are two formats of the balance sheet: the horizontal format and the vertical
format. Equation 3.13 represents the format of the balance sheet in the “horizontal”
layout. A simple rearrangement represents the format for the “vertical” layout:

(Fixed Assets) + (Current Assets) — (Current Liabilities)
= (Long term Liabilities) + Equity (3.14)

The difference between current assets and current liabilities is called the working
capital.
The horizontal and vertical formats are shown in Figures 3.6 and 3.7.

3.5.4 Cash Flow Statement

The income statement provides a view of the business based on the revenue and ex-
penses, not the cash receipts and payments. Because accrual accounting is used and
because profit includes non-cash items such as depreciation, there may not be a one-
to-one relationship between profit and cash. It is possible for a profitable company
to go out of business due to a shortage of cash; indeed, a shortage of cash is the most
common cause of business failure. A shortage of cash in a business is referred to as
commercial insolvency.

The cash flow statement is a formal statement of the cash payments and receipts
for the reporting period. The cash flow statement, shown in Figure 3.8, represents
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Johnson and Associates
Balance Sheet as at 31 March 2008
31-Mar08 31-Mar07

Fixed assets

Book value 6,245,742 6,178,965
Accumulated depreciation 2,425,696 2,144,691
Net book value 3,820,046 4,034,274
Investments 200,000 200,000
Current assets 4,307,620 3,441,820
Stocks 612,550 589,365
Debtors 3,254,522 2,740,005
Cash 440,548 112,450
Current liabilities 2,875,612 2,520,948
Creditors [ 2,875,612] [ 2,520,948|
Net working capital 1,432,008 920,872
Total net assets 5,452,054 5,155,146
Shareholders funds

Capital 10,000 10,000
Profit reserves 2,854,612 2,544,792
Revaluation reserve 812,000 812,000
Total Shareholders funds 3,676,612 3,366,792
Long-term liabilities

Loan 1,700,000 1,700,000
Creditors due after more than one year 75,442 88,354
Total long-term liabilities 1,775,442 1,788,354
Total capital employed 5,452,054 5,155,146

Figure 3.7 Balance sheet for Johnson and Associates in the vertical format

the cash generated or consumed in the operating, investment and financing activities
of the business.

@) Operating activities

The operating cash flow represents the cash received from customers and cash
paid to suppliers and employees. There are two methods for determining the cash
flow from operating activities: the direct method and the indirect method. The direct
method involves separating all the cash transactions into those that involve operating
activities and those that do not. The indirect method determines the cash generated
by calculation from profit (net income) obtained from the income statement. The
indirect method is the method most adopted in practice. The operating cash flow is
calculated by adjusting the net income for two things: the non-cash items, such as
depreciation, and the change in working capital.

The flow diagram presented in Figure 3.3, and the associated income statement
represented in Table 3.1 can be used to illustrate the method of determine the cash
flow from operating activities. The net income is given by the following expression:

Net Income = (1 —T)(s; — ¢y — sgay —i; — dy) (3.15)



64 3 Financial Statements

Johnson and Associates
Cash Flow Statement for year ended 31 March 2008
31-Mar-08 31- Mar-07

OPERATING ACTIVITIES

Income from operating activities 1,399,815 1,465,504

Adjusted for increase in working capital 183,038 161,684

Taxation paid 82,489 98,665

Net cash provided by operating activities 1,134,288 1,205,155
INVESTMENT ACTIVITIES

Cash used to acquire fixed tangible assets 66,777 50,000
FINANCING ACTIVITIES

Decrease in long term liabilities 12,912 16,095

Interest paid 47,269 65,281

Dividends paid 679232 984328

Net cash used by financing activities 739,413 1,065,704
NET CASH AND EQUIVALENTS PROVIDED 328,098 89,450
Cash at beginning of year 112,450 23,000
Cash at end of year 440,548 112,450
Net change in cash position 328,098 89,450

Figure 3.8 Cash flow statement for Johnson and Associates

Since depreciation is a non-cash item, the depreciation must be added to net in-
come in order to calculate the cash flow from the business activities. This calculation
is encapsulated in this expression:

Cash Flow from Income Statement = (1 —T)(s; —c; —sga; —i; — d;) +d; (3.16)

A change in the inventory or the amount of debtors and creditors also changes
the cash position of the company. Since these changes are a result of operations,
they are assigned to the operating activities category of the cash flow statement. The
working capital is the current assets less the current liabilities. The change in the
working capital is the working capital for the current period less the working capital
for the previous period. It should be possible to determine the change in working
capital from the values presented in the balance sheet.

The cash flow from operating activities is calculated by adding the change in
working capital over the period to the cash flow of Equation 3.16. Thus, the cash
flow is given by the following expression:

Cash Flow from Operating Activities = (1 —T)(s; — ¢ — sga; —i; — dy)
+di — A(WC), (3.17)

The symbol A(WC), represents change in working capital for the reporting period.
(i1))  Investment activities

Investing activities report the acquisition or disposal of long-term assets. The
change between the current period and the previous period in the fixed assets on the
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balance sheet represents the change in the cash position as a result of investment
activities by the company. This is given by the following expression:

Cash Flow from Investment Activities = A; (3.18)

The symbol A; represents investment in fixed or non-current assets during the
period.

(iii))  Financing activities

The company can raise funds for its activities from a combination of equity and
loans. The financing activities of the cash flow statement reflect these activities of
the company for the reporting period. The results for these two activities can be
derived from the change in the long and short-term loans over the reporting period,
and the change in equity capital (not retained earnings).

The payment of a dividend to the shareholders by the company will reduce the

cash position and is represented in this section. Therefore the cash flow as a result
of financing activities is given by the following expression:

Cash Flow from Financing Activities = L; + E;—Div; (3.19)

The symbols L,, E;, and Div; represent the loans raised, the equity capital raised,
and the dividend paid in the period, respectively.

(iv)  Net cash flow and cash equivalents

The net cash flow for the reporting period is the sum of the cash flows for the
operating, investment and financing activities of the company. This is expressed in
the following equation:

Net Cash Flow = CF(Operating Activities) + CF(Investment Activities)
+ CF(Financing Activities) (3.20)

The net cash flow can be expressed in terms of the symbols for each of the com-
ponents of these cash flows. This is given in the following equation:

Net Cash Flow =(1—=T)(s; —c¢; —sga; —i; —d;) +di — A(WC); — A;
~|—L,~|—Et—Divt (321)

Equation 3.21 represents a comprehensive view of the major factors that affect

the cash position of a company.

The final section on the cash flow statement summarises the cash position of the
company.

3.6 Depreciation

In the discussion of the income statement earlier it was mentioned that profit is
a measure of the performance or productivity of a company. If the company were
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performing consistently, it would be expected that the profit would be consistent.
However, if the company buys an expensive piece of equipment that is expected to
last for a number of years, and this cost were charged to the income statement in
the year of purchase, the profit would be significantly lower in the year of purchase.
The readers of the income statement may interpret the lower profit as being a result
of poor performance on the part of management. If this were the case, management
would be encouraged not to spend on new opportunities or on replacing ageing
equipment. In order to overcome this, the cost of the equipment is not charged all
at once to the income statement, but apportioned over its economic life, and these
portions are charged to the income statement each year.

The division of the company’s investments in fixed capital into portions that are
charged to the income statement over a number of years is called depreciation. The
difference between the original cost of the equipment and all the depreciation accu-
mulated to date is called the “book value.”

For example, a company buys a computer at the beginning of the first year
for $10,000. The computer has an economic life of 5 years. The company calcu-
lates depreciation on the basis that the portion for each year is the same. This is
called the straight-line basis. As a result, the annual depreciation charge is equal to
$10,000/5 = $2,000. The book value of the computer at the end of each year is
given in Table 3.4.

For this example, assume that the gross profit of the company is constant, at
$20,000. The company decides to sell the computer in the fourth year for $4,300.
The profit on the sale of the computer is the proceeds from the sale less the book
value, that is $4,300 — $2,000 = $2,300. The effect of the purchase and sale of the
computer on the income statement at the end of each year is shown in Table 3.5.

Without depreciation, the purchase of the computer would have reduced the profit
before tax in year 1 to $10,000, and in year 2 it would have returned to $20,000. It
is this drop in profit, and the subsequent rise, that depreciation smoothes out. If
there was no depreciation and management is measured, even partly, on the profit
achieved, there would be a strong incentive for management not to make investments
in fixed capital, and this would be detrimental to the longevity of the company.

Table 3.4 Depreciation schedule for computer

Year 0 1 2 3 4 5
Cost 10,000

Depreciation 2,000 2,000 2,000 2,000 2,000
Book value 8,000 6,000 4,000 2,000 O

Table 3.5 Calculation of profit

Year 1 2 3 4 5
Gross profit 20,000 20,000 20,000 20,000 20,000
Depreciation 2,000 2,000 2,000 2,000 0
Profit from sale of computer 2,300

Profit before tax 18,000 18,000 18,000 20,300 20,000
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Table 3.6 Cash position as a result of the purchase and sale of the computer

Year 1 2 3 4 5
Cost (10,000)
Sale 4,300

The cash position is different from that of the profit represented on the income
statement. The cash flows resulting from the sale and purchase of the computer are
represented by Table 3.6. In the first year there is a cash outflow of $10,000 due to
the purchase of the computer, and in the fourth year there is a cash inflow of $4,300
due to the sale of the computer.

The value of the assets reflected on the balance sheet is not their market value,
but their book value. The depreciation of the assets means that the book value is
decreasing with time, and this is reflected on the balance sheet.

To sum up so far, depreciation affects the profits on the income statement and the
value of the assets on the balance sheet. Depreciation acts to smooth the profit from
year to year, resulting in a fair reflection of the productive effort of the company on
the income statement.

Depreciation affects the cash flows of the company indirectly. Because the de-
preciation charge to the income statement is deducted from the profit before the
calculation of income tax, depreciation lowers the tax charged, resulting in higher
cash flows. This can be more clearly explained by examining the expression for cash
flow from income, given by the following equation:

Cash Flow from Income Statement = (1 —T)(s; —c¢; —sga; —i; —d;) +d;
(3.22)

To refresh, the term 7 represents the tax rate and the term d; represents the de-
preciation charged in the reporting period. Collecting the terms that involve depre-
ciation, this equation can be rewritten in the following form:

Cash Flow from Income Statement = (1 — T)(s; —c; —sga; —iy) + Td;  (3.23)

This expression demonstrates that as the depreciation increases, so does the cash
flow. The income tax charged is given by the expression:

Income Tax =T (s; —c; —sgar —ir) — Td; (3.24)

A comparison of the expression for the cash flow from income with the income
tax charged indicates that the increase in cash flow due to an increase in depreciation
is a result of the decrease in taxation.

When an asset reaches the end of its useful life, its book value is zero. It is
removed from the register of assets of the company, or “written off.” If, during the
asset’s life, the asset is damaged, and the disposal value is less than the book value,
it is said to be impaired. The circumstances leading to impairment must be unusual
and unexpected. For example, if a vehicle is involved in a collision, and it is not
possible to repair it, it is impaired to the extent of the difference between its book
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value and its scrap value. The accident is an unexpected event that resulted in the
loss in value.

If an asset is worth more than its book value, the directors may elect to revalue
the asset. If the asset value increases, the claims against the company on the balance
sheet must also increase. This is reflected in the owners’ equity section of the bal-
ance sheet under a heading such as “revaluation reserves.” The company’s directors
may not distribute the revaluation reserves to the shareholders. For this reason, the
revaluation reserves may also be called “non-distributable reserves” on the balance
sheet.

There are a number of misconceptions concerning depreciation. It is not a capital
replacement fund, it is not a “wear and tear” allowance, and it does not represent the
obsolescence or impairment of the asset. Depreciation allocates the cost of an asset
to the income statement over the economic life of the asset, and simultaneously
reduces the value of the asset on the balance sheet. It is a calculation that has an
indirect effect on the cash flows by reducing the income tax. It is unrelated to the
market value or the productivity of the asset.

There are a number of ways of calculating depreciation and these are largely dis-
cretionary. However, because the depreciation affects the amount of tax involved,
the tax authorities have specified the depreciation method for the purposes of de-
termining taxable income, and hence the corporation tax. While it is important to
understand the concept of depreciation and its implications in the books of account,
it is the effect of depreciation on the amount of tax paid that is of primary concern
to engineers and scientists.

The tax authorities specify the method of calculation and the economic life of
classes of assets, and this method must be used to determine the taxable income.
In the US, the method is the modified accelerated cost recovery system (MACRS),
while in other countries the method may be the declining-balance method, or some
other method. In an attempt to separate the issue of depreciation for the purpose
of smoothing the accounting profit and for the purpose of determining corporation
tax, the tax authorities in some countries do not refer to it as depreciation. For ex-
ample, in the UK the depreciation that can be charged to the profit as a result of
capital investments for tax purposes is called capital allowance, not depreciation.
This emphasises the difference between depreciation for the company’s books and
depreciation for the calculation of tax. While the use of the term capital allowance
provides clarity, the terminology used in tax systems of other countries, terms such
as “wear and tear allowance,” adds to the confusion and to the misunderstanding of
the concept of depreciation.

The main methods of calculation of depreciation are:

@) Straight-line depreciation
(ii))  Declining balance

(iii)  Sum-of-years digits

(iv) MACRS

Because the methods of calculating the depreciation or capital allowance directly
affect the after-tax cash flows to a project by affecting the amount of tax paid, it
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is necessary to understand the details of these methods. However, this discussion
is delayed until Chapter 8. For the purposes of the discussion before Chapter 8,
depreciation is calculated on a straight-line basis. This means that the capital cost of
the equipment is spread evenly over the useful life of the equipment. Thus, if the tax
authorities deem that the useful life of a vehicle is 5 years, the depreciation charged
to the income statement in each year is the cost of the vehicle divided by five.

3.7 The Interaction Between the Financial Statements

The three financial statements represent three views of the company: the balance
sheet represents the assets and liabilities of the company, that is, the value of the
company; the income statement represents the revenue, costs and profit of the com-
pany, that is, the productive effort of the company; and the cash flow statement
represents the net flow of cash into and out of the company, that is, the cash position
of the company.

Changes to one of the statements will affect the others. Although the discussion
on depreciation was instructive in its own right, it also illustrated some of the inter-
actions between the financial statements. Changes to depreciation affect the income
statement, the balance sheet and the cash flow statement.

In this section, the links between the financial statements will be examined in
order to more fully understand the accounting relationships.

The balance sheet represents the fundamental accounting equation:

Assets = Liabilities + Equity (3.25)

or, using the symbols A, L and E to represent Assets, Liabilities, and Equity, re-
spectively, Equation 3.25 can be rewritten in the following form:

A=L+E (3.26)

The assets and liabilities can both be divided into categories of current and non-
current. Using the symbols CA and NCA to represent the current assets and the non-
current assets, respectively, and CL and NCL to represent current liabilities and non-
current liabilities, respectively, the accounting equation can be written as follows:

CA+ NCA =CL+ NCL+E (3.27)

The non-current assets are the fixed assets, and the non-current liabilities are the
long-term liabilities. The current assets consist of cash (C), inventory or stock (S)
and debtors (D). Substitution of these values into the accounting equation yields the
following expression:

C+S+D+ NCA =CL+ NCL+E (3.28)
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Rearrangement of this expression yields an expression that links the cash position
of the company with the other values on the balance sheet. This is given as follows:

C=CL+NCL+E—S—D— NCA (3.29)

This equation is the link between the cash flow statement and the balance sheet.
In order to raise more cash, the company can either increase the current liabilities,
the non-current liabilities or the equity, or decrease the stock or debtors. Increasing
the current liabilities can be done by delaying payment to suppliers or by getting
a short-term loan, such as an overdraft from the bank. Increasing the non-current
liabilities can be achieved by increasing the long-term loans. Increasing the owners’
equity can be achieved by getting the owners to provide more capital for the business
or by reducing the dividend payment to the owners.

The income statement and the balance sheet are linked primarily through the
income retained in the business. This was clearly shown in Figure 3.4. The owners’
equity is comprised of share capital, accumulated earnings (from all the previous
years) and the earnings retained in the current reporting period. If the symbols SC,
AE, and RE are used to represent the share capital, the accumulated earnings and
the earnings retained, respectively, the accounting equation can be written in the
following form:

A =L+ SC+ AE + RE (3.30)

The retained earnings for a particular year are directly proportional to the net
income or profit of the business in that year. The accounting equation can be written
as follows:

A =L+ SC + AE +oa;(NI;) (3.31)

The symbol NI, represents net income, and «; represents the proportion of the
net income that is retained by the business. Both of these symbols represent values
for the current reporting period. If none of the income is retained, «; is equal to zero;
on the other hand, if all the income in a particular year is retained, ¢ is equal to one.
This equation indicates that the higher the net income and the higher the value of
o, the higher the value of the assets, which, in general, translates into a value of the
business.

The components of the net income, NI;, are described by the following relation-
ship:

NI; = (1 —=T)(ss —cr — sgay —i; — dy) (3.32)

The substitution of this expression into the accounting equation links the com-
ponents of the income statement with the balance sheet, as shown in the following
equation:

A = L+SC+AE+C¥[(1 — T)(S[ —Ct —S88a; _i[ _d[) +d[ (333)

This equation succinctly summarizes the idea that increasing the sales and de-
creasing the costs, overheads and interest payments increases the asset value of the
company.
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As was argued in the Section 3.6, depreciation affects both the profits and the
value of the assets. The value of the assets is decreased by the depreciation charge
in the reporting period. The asset value is the asset value at the beginning of the
period, A;_1, plus the assets acquired in the period, AA;, less the depreciation for
the period, d;. Therefore, increasing the depreciation increases the profits and the
cash flow, but decreases the book value of the company.

The relationship between the financial statements has been examined in this sec-
tion. In the next section, the relationship between the financial statements and the
project financials are explored.

3.8 Relationship Between the Financial Statements
and the Project Cash Flows

The cash flows for a project, called the project financials, were discussed in Chap-
ter 1. The aim of the project financials is to determine the free cash flows, not the
profit. It is clear that the project cash flows, as presented in that chapter, do not
follow the same format as the financial statements. Because they seem to be a mix
between the cash flow statement and the income statement, a reader may be tempted
to conclude that a mistake was made. However, no mistake has been made.

Unlike the financial statements, there is no prescribed or standardized format for
the project cash flows. The format adopted by most practitioners is similar to that
shown in Chapter 1. It is similar in layout to the income statement. However, the
line items include items from the cash flow statement, such as investments that are
not represented in the income statement, and exclude items from both, such as the
interest paid.

The guidelines for the layout and format adopted for the project cash flows are
that they must be easy to construct, to read and to interrogate. The final result of
the project cash flow schedule is to determine the free cash flow required or gener-
ated by the project. This is different from the financial statements because there are
regulatory requirements set by the accounting profession and by various bodies of
government that govern the form and content of the financial statements.

The financial projections of the project can also be reported in the form of the
financial statements. This is generally not done, because it is unnecessary for the
evaluation of the fitness of the project. It is important to understand how the financial
statements and the project financials interact in order to determine the impact of the
project on the company’s overall performance and to assess the business risks that
this project may bring to the company.

The best way to examine the relationship between the company financials and
the project cash flows is to build a model of the company and the project using the
equations for the financial statements given in the sections above. We will tackle
this as a case study.
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3.9 Case Study: Santa Anna Hydroelectric Power Scheme

Santa Anna Hydroelectric Power Scheme (HEPS) is a project similar to the exam-
ples concerning the Santa Clara HEPS studied in Chapter 1. The main difference is
that the construction, and hence the investment, all occurs in the first year. A new
company, Santa Anna HEPS Company Limited has been launched to pursue this
opportunity.

The total cost of the project is $400 million. In order to fund this project, $200
million in equity has been obtained from the company’s owners and the company
has borrowed $250 million from a syndication of investment banks. The capital cost
is to be depreciated on a straight-line basis over 35 years. This means that each
year the assets are depreciated by 400/35 = $11.4 million. The book value of the
investment for each can be determined in the form of a depreciation schedule, shown
in Table 3.7.

The project will generate electricity, and hence revenue, from year 2. The revenue
in year 2 is 68% of the final revenue of $161.2 million per year, while that in year 3
is 97% of the final amount. After that, it is expected that the revenue will be $161.2
million per year.

The direct costs of producing the electricity are estimated to be 5% of the re-
venue, while indirect costs for the administration of the operations is expected to be
about $10 million per year. Both local and federal authorities charge tax; the aggre-
gate tax rate is 35%. From this information the project financials can be constructed.

Table 3.7 Investment, depreciation and book value for the Santa Anna HEPS project

Investment and depreciation 1 2 3 4 5 6 7 8 9 10

Investments 4000 00 00 00 00 00 00 00 00 00
Depreciation 114 114 114 114 114 114 114 114 114 114
Cumulative depreciation 114 228 342 456 57.0 684 79.8 91.2 102.6 114.0
Book value 388.6 377.2 365.8 354.4 343.0 331.6 320.2 308.8 297.4 286.0

3.9.1 Project Financials

The project financials for the first six years of the project’s life are shown in
Table 3.8.

The first three lines for each year represent the revenue, the costs of goods sold
and the administration expenses, respectively. The figures in each line are calculated
directly from the information supplied above.

The tax calculation requires an assessment of the taxable income, and since de-
preciation is allowed, this will reduce the taxable income. In this case, the taxable
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Table 3.8 Project financials for Santa Anna HEPS for the first six years

Year 1 2 3 4 5 6
Revenue 0.0 109.6 156.3 161.2  161.2 161.2
Cost of goods sold 0.0 5.5 7.8 8.1 8.1 8.1
Administration 10.0 10.0 10.0 10.0 10.0 10.0
Tax 0.0 29.0 44.5 46.1 46.1 46.1
Depreciation 11.4 11.4 11.4 11.4 11.4 11.4
Profit before tax 21.4) 827 127.1 131.7 1317 131.7
Cash flow (10.0) 65.2 94.0 97.0 97.0 97.0
Investment 400.0 0.0 0.0 0.0 0.0 0.0
Free cash flow (410.0) 65.2 94.0 97.0 97.0 97.0

Cumulative free cash flow (410.0) (344.8) (250.8) (153.8) (56.8) 40.3

income, or profit before tax, is calculated from the following equation:

Profit before tax = Revenue — COGS — Administration expenses — Depreciation
(3.34)

This is the same as that presented in Table 3.1 for the income statement, except
that the project financials are presented on an entity basis with no debt, so there is
no interest deduction from the taxable income.

The depreciation is obtained directly from the depreciation schedule given in
Table 3.7. The amount of tax paid is given by the tax rate multiplied by the taxable
income. For year one, there is no taxable income because the project makes an op-
erating loss. In year 2, the taxable income is calculated from the following equation:

Profit before tax =109.6—-5.5—10—11.4=282.7
The tax is then given by:
Tax payable = 35%(82.7) = 28.95

Notice that the loss that was made in the first year was not used to reduce the tax
paid in the second. This was done for the sake of simplicity. In many tax jurisdic-
tions, losses can be carried forward to reduce profits made in subsequent years.

The cash flow from the project is given by the following expression:

Cash flow = Revenue — COGS — Administration expenses — Tax charged
(3.35)
For the first year the cash flow is an out-flow of $10 million, while in the second
year the cash flow is an in-flow of $65.2 million.
The free cash flow is the cash flow less the costs of investments, which is the
capital cost of the HEPS and amounts to $400 million in the first year. In the first
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year the free cash flow is given by an out-flow of $410 million. In the second year,
there are no investment costs, and the free cash flow is the same as the cash flow.
The next step is to prepare the income statement.

3.9.2 Income Statement

All the information used in the preparation of the project financials is used to prepare
the income statements for each year. The additional information required for the
income statement for the Santa Anna Company is the interest charged on the loan
of $250 million. The aggregate interest for this long-term loan is 13%. The income
statement for Santa Anna HEPS, Limited for the first six years of operation is shown
in Table 3.9.

For each year, the income statement is prepared using the equations given in
Table 3.1. In the first year, there is no revenue or direct operating costs. The cost of
the administration and the depreciation results in negative earnings before interest
and tax (EBIT) of $21.4 million. The interest charge on the loan of $250 million is
13%(250) = $32.5 million. The taxable income is therefore minus $53.9 million.

In the second year, the company produces and sells electricity. The costs and
earnings are calculated in the same manner as before, resulting in an EBIT of $82.7
million. The interest charged is $32.5 million, so the taxable income is $50.2 mil-
lion. Tax is charged at 35%, resulting in a net income (or profit) of $32.6 million.
Some $4.9 million is distributed to the shareholders, while the company retains the
remainder.

Table 3.9 Income statement for the Santa Anna HEPS Company, Limited

Year 1 2 3 4 5 6
Revenue 0.0 109.6 1563 161.2 161.2 161.2
COGS 0.0 5.5 7.8 8.1 8.1 8.1
Operating income 0.0 104.1 1485 153.1 153.1 153.1
Administration 10.0 100 100 10.0 10.0 10.0
Depreciation 114 114 114 114 114 114
Earnings (EBIT) (21.4) 827 127.1 131.7 131.7 131.7
Interest paid 325 325 325 325 325 325
Income before tax (539 502 946 992 992 99.2
Tax 0.0 17.6 33.1 347 347 347
Net income (539) 326 615 645 645 645
Dividends 0.0 4.9 9.2 9.7 9.7 9.7

Retained earnings  (53.9) 27.8 523 548 548 548
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Notice that the tax paid is different to that calculated in preparing the project
financials. This is because the project financials are prepared as if the project was
funded entirely from equity resources; in other words, there is no interest in the cal-
culation of the project financials. This is because the project financials are prepared
on the entity basis.

3.9.3 Cash Flow Statement

The cash flow statement for the company can now be prepared for each year. The
cash flow statement reports on the movement of cash between operating activities,
investment activities and financing activities. The cash flow statement for the first
six years of the Santa Anna HEPS, Limited is shown in Table 3.10.

The income from operating activities is the operating income less the adminis-
trative expenses (or equivalently, the EBIT plus the depreciation). In the case study,
there were no changes in working capital, and the taxation paid is obtained from
the income statement. Therefore, in the first year, the operating activities generate
a negative cash flow of $10 million. In the second year, the income from operating
activities is $94.1 million, which is obtained from the operating income of $104.1
million less the administration expenses of $10 million. The taxation paid in the sec-

Table 3.10 Cash flow statement for Santa Anna HEPS, Limited

Year 1 2 3 4 5 6
Operating activities
Income from operating activities (10.0) 941 1385 143.1 143.1 143.1
Adjusted for increase in working capital 0.0 0.0 0.0 0.0 0.0 0.0
Taxation paid 0.0 (17.6) (33.1) (34.7) (34.7) (34.7)

Net cash provided by operating activities (10.0) 76.5 1054 108.4 1084 108.4

Investment activities
Cash used to acquire fixed tangible assets 400.0 0.0 0.0 0.0 0.0 0.0

Financing activities

Equity capital raised 200.0 0.0 0.0 0.0 0.0 0.0
Increase in long-term liabilities 250.0 0.0 0.0 0.0 0.0 0.0
Increase in short-term liabilities 0.0 0.0 0.0 0.0 0.0 0.0
Interest paid (32.5) (32.5) (32.5) (32.5) (32.5) (325)
Dividends paid 00 49 02 O O7 O
Net cash provided by financing activities 417.5 (37.4) (41.7) (42.2) (42.2) (42.2)
Net cash and cash equivalents 7.5 39.1 637 662 662 66.2
Cash at beginning of year 0.0 7.5 46.6 1103 1765 242.8
Cash at end of year 75 46.6 1103 176.5 242.8 309.0

Net change in cash position 7.5 39.1 637 662 662 662
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ond year is $17.6 million, which results in a net cash flow due to operating activities
of $76.5 million.

The investment activities of the company are the investment in the project itself,
amounting to $400 million. This company only makes this investment in the first
year, and makes no other investments.

The financing activities are the raising of equity and debt capital, the payment of
interest to the debt-holders and the payment of dividends to the shareholders. In the
first year the company raises a loan of $250 million and equity of $200 million. It
also pays $32.5 million in interest. In the second year, no further monies are raised,
but the company pays interest to the debt-holder and a dividend to the shareholders.

The net cash flow is the sum of the cash flows for the operating activities, the in-
vestment activities and the financing activities. During the first year, the company’s
activities have generated a cash flow of $7.5 million, while these activities have
generated a cash flow of $39.1 million during the second year.

The company starts off at the beginning of the first year with no cash in the bank.
At the end of the first year the company has $7.5 million in cash, while at the end of
the second year, this figure amounts to $46.6 million (= 7.5+ 39.1).

3.9.4 Balance Sheet

The balance sheet is the accounting equation in tabular format. The balance sheet
for the first six years of the operation of Santa Anna HEPS Limited is shown in
Table 3.11. The company begins existence with no assets, liabilities or equity. Dur-
ing the course of the first year, the company raises $200 million in equity from its
shareholders and $250 million from debt-holders. The cash raised from this capital
raising exercise is invested in fixed assets.

The assets were purchased at a cost of $400 million; by the end of the year, their
book value, obtained from the depreciation schedule given in Table 3.7, is $388.6
million, the purchase price less the depreciation.

The only current asset of the company is cash. The amount of cash that the com-
pany has on hand is obtained from the cash flow statement. At the end of the first
year this is $7.5 million, and at the end of the second year it is $46.6 million. There-
fore, the total assets for the company amounts to $396.1 million and $423.6 million
at the end of the first and the second year, respectively.

The company raised $250 million in debt to fund its activities, and since it does
not pay back any of the principal on this debt in the first six years, this value is
reflected on the balance sheet for each year.

The company raised equity of $200 million from the owners, and this value is
reflected as the share capital of the company. As was shown in the discussion of
the income statement, the company retains some of its income each year to fund its
ongoing activities. (If a loss is made, all of its losses are “retained.”) This cumulative
amount of retained earnings is added to the share capital to reflect the owner’s equity
in the company.
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Table 3.11 Balance sheet for the Santa Anna HEPS, Limited

Year 1 2 3 4 5 6
Assets
Net fixed assets 388.6 377.2 365.8 354.4 343.0 331.6
Total current assets 7.5 46.6 110.3 176.5 242.8 309.0
Cash 7.5 46.6 110.3 176.5 242.8 309.0
Total assets 396.1 4239 476.1 531.0 585.8 640.6
Liabilities
Short-term liabilities 0.0 0.0 0.0 0.0 0.0 0.0
Long-term liabilities 250.0 250.0 250.0 250.0 250.0 250.0
Total liabilities 250.0 250.0 250.0 250.0 250.0 250.0
Equity
Investors equity 200.0 200.0 200.0 200.0 200.0 200.0
Retained earnings (53.9) (26.1) 26.1 81.0 135.8 190.6
Total equity 146.1 173.9 226.1 281.0 335.8 390.6
Total liabilities and equity 396.1 4239 476.1 531.0 585.8 640.6

In the first year, the company made a loss of $53.9 million, and this whole amount
reduces the owner’s equity. In the second year, the company was profitable and
retained $27.8 million of the income. This is added to the retained income from the
year before to reflect a total retained income of —$26.1 million (= 27.8 — 53.9).

Because of the dual nature of transactions, that is, if an asset is transferred, pay-
ment is also transferred in the opposite direction, the accounting equation holds, and
the value of the total assets is equal to the total liabilities plus owner’s equity. This
is true for each of the years shown in Table 3.11.

This case study has demonstrated the interaction between the three financial
statements and the project financials.

3.10 Examining the Business Risks

The discussion of the financial statements is sufficiently detailed to be used to de-
velop a model of the business. The calculations can be performed manually or more
easily on a spreadsheet. The model can be used to determine the effect of some of
the key decisions that the financial manager or CFO may make, and the influence
these might have on the viability of the company. These decisions are the amount of
capital required, the ratio of debt to equity, the dividend policy, and the allocation of
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capital to different projects. These factors are examined in the following case study,
which covers business risks.

3.11 Case Study: Apex Foods

Apex Pumps and Valves Limited is a manufacturer of pumps and valves. Apex
wishes to set up a new business that manufactures and sells pumps and valves for
use in the food and beverage industry. This business will operate as a separate com-
pany, called Apex Foods. Apex cannot afford to completely fund the business and
has approached a variety of lenders to provide debt for the new venture. The CFO
is concerned about the working capital requirements, given that it pays on a 30-day
basis, but its customers may pay on a 90-day basis. Because there is probably going
to be significantly more debt in the new business than Apex is accustomed to, the
CFO would like to investigate the effect of different amounts of debt in the busi-
ness, and the possible effects of the interest rate that Apex may be able to obtain
from its lenders. In addition, the CFO would like to know the effect of the credit
terms that it offers clients, called credit management, on the finance requirements
of the business.

The financial statements are constructed based on the assumption that the ac-
counts payable, accounts receivable and the inventory can be estimated from the
following expressions:

Accounts Payable = (Annual COGS)(Creditor Days) /365 (3.36)
Account Receivable = (Annual Revenue)(Debtors Days) /365 (3.37)
Inventory = (Annual Revenue)(Inventory days)/365 (3.38)

The base case financial statements have been prepared in the same manner as
those in the previous case study (Section 3.9), except for the addition of the esti-
mation of working capital items expressed in Equations 3.36 to 3.38 above. The
projected financial statements are given in Tables 3.12 to 3.14.

The investment in the business can be obtained from the balance sheet. This in-
dicates that Apex, the owners of Apex Foods, intends to invest $30,000 of its own
money as an equity investment, and borrow a further $30,000 in long-term loans.
The amount of debt throughout the five-year period remains unchanged, which
means that Apex Foods does not intend to repay the principal on the loan. A quick
look at the income statement shows that Apex Foods does intend to meet the inter-
est payments on this loan. The cash flow statement reveals that the money obtained
from these two sources is spent on an investment in fixed capital that amounts to
a total of $52,500 in the first year.

The income statement shows that Apex Foods expects to earn revenues amount-
ing to $30,000 in the first year, and amounting to $60,000 for each subsequent year.
The costs of producing the products are just over half of the revenue, while there
is a small fee for administration, selling and other overhead expenses of $2,000.
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Table 3.12 Forecast of the income statement for Apex Foods for five years (amounts in thousands)

Year 1 2 3 4 5
Revenue 30.0 60.0 60.0 60.0 60.0
COGS 20.0 35.0 350 350 350
Operating income 10.0 25.0 250 25.0 25.0
Administration 20 20 20 20 20
Depreciation 10.0 105 11.0 11.5 12.0
EBIT 200 125 120 11.5 11.0
Interest paid 39 39 39 39 39
Profit before tax 59 86 81 76 7.1
Tax 00 25 23 22 21
Net profit 59 61 58 54 50
Dividends 00 31 55 51 48
Percentage retained 90% 90% 20% 5% 5%
Retained earnings 59 55 1.2 03 03

There is a depreciation charge of $10,000 in the first year, and this increases over
the period of this projection. This indicates that there is further capital investment
during the period, otherwise the depreciation would remain constant or decrease.
A quick check of the cash flow statement indicates that an additional capital invest-
ment of $2,500 is made each year. Presumably this is to replace equipment. Interest
is paid on the outstanding loan at a rate of 13% (= 3,900/30,000), and tax is paid at
arate of 29% (= 2,500/8,600). The projected income statements indicate that Apex
Foods expects to make a profit for the entire period. Dividends are retained at a rate
of 90% for the first two years, 20% for the third year and at 5% for the subsequent
years.

The projected income statements indicate that the company expects to make
a loss in the first year and to be profitable for the subsequent years.

The forecast of the balance sheet provides some further detail of the anticipated
activities of Apex Foods. Of the $30,000 invoiced in the first year, $7,500 in pay-
ments is outstanding at the end of the year (accounts receivable). There is an inven-
tory of $4,900 of manufactured but unsold products at the end of the year. These
figures double in the second year, and remain constant after that. Throughout the
period, Apex Foods will have a positive cash position.

The gross fixed assets on the balance sheet represent the total investments made
by Apex Foods in fixed capital such as equipment. This figure rises throughout the
projected period, suggesting that the company is expecting to make some replace-
ments to the capital equipment. The accumulated depreciation is the total amount
of depreciation since the company’s beginning that has been charged to the income
statement. The difference between the gross fixed assets and the accumulated de-
preciation is the book value.
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Table 3.13 Forecast of the balance sheet for Apex Foods for five years (amounts in thousands)

Year 1 2 3 4 5
Assets
Total current assets 13.3 28.0 37.7 46.9 56.7
Cash 0.8 3.1 12.8 22.1 31.8
Accounts receivable 7.5 15.0 15.0 15.0 15.0
Inventory 4.9 9.9 9.9 9.9 9.9
Net fixed assets 42.5 34.5 26.0 17.0 7.5
Gross fixed assets 52.5 55.0 57.5 60.0 62.5
Less accumulated Depreciation 10.0 20.5 31.5 43.0 55.0
Total assets 55.8 62.5 63.7 63.9 64.2
Liabilities
Short-term liabilities 1.7 2.9 2.9 29 2.9
Accounts payable 1.7 2.9 2.9 2.9 2.9
Long-term liabilities 30.0 30.0 30.0 30.0 30.0
Loans 30.0 30.0 30.0 30.0 30.0
Total liabilities 31.7 32.9 329 32.9 32.9
Equity
Investors equity 30.0 30.0 30.0 30.0 30.0
Retained earnings 5.9) 0.4) 0.7 1.0 1.3
Total equity 24.1 29.6 30.7 31.0 31.3
Total liabilities and equity 55.8 62.5 63.7 63.9 64.2

The liabilities of the company consist of those suppliers that the company has not
yet paid (accounts payable) and the long-term bank loan. The equity of the company
consists of the original amount of $30,000 invested by the owner and the retained
earnings.

The cash provided by the operating activities in the first year amounts to $8,000,
which is obtained from the income statement as revenue, less cost of goods sold,
less administration. The cash tied up in working capital is $10,800, which is made
up of $7,500 in accounts receivable and $4,900 in inventory less $1,700 in accounts
payable. With the tax paid during the year, the net cash provided by operating activ-
ities is projected to be negative $2,800 in the first year.

In the first year, the company raised $30,000 in equity from the owners, and
$30,000 in debt from the bank. Interest is paid on the outstanding loan and dividends
are paid to the owners. An amount of $52,500 is invested in operating equipment
for producing the pumps and valves that the company intends to sell. Overall, the
company expects to have a cash balance of $800 at the end of the first year. This
may be skating on thin ice though.
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Table 3.14 Forecast of the cash flow statement for Apex Foods for five years (amounts in thou-
sands)

Year 1 2 3 4 5
Operating activities
Income from operating activities 8.0 230 230 230 230
Adjusted for increase in working capital (10.8) (11.2) 0.0 0.0 0.0
Taxation paid 00 (@25 23 22 2.1
Net cash provided by operating activities (2.8) 93 207 20.8 209

Investment activities
Cash used to acquire fixed tangible assets (52.5) (2.5 2.5 2.5 2.5

Financing activities

Equity capital raised 30.0 00 00 00 00
Increase in long-term liabilities 30.0 00 00 00 0.0
Increase in short-term liabilities 0.0 00 00 00 0.0
Interest paid B39 (B9 B9 B9 39
Dividends paid 0.0 (0.6) 4.6) (5.1) 4.8
Net cash provided by financing activities 56.1 (4.5 (8.5 (9.0) (8.7)
Net cash and cash equivalents 0.8 23 97 93 9.8
Cash at beginning of year 0.0 0.8 3.1 128 221
Cash at end of year 0.8 31 128 221 318
Net change in cash position 0.8 23 97 93 98

After having met all its obligations in the first year, the company still has money
in the bank in spite of making a loss. By the end of the second year the company
has money in the bank and is declaring a profit.

The changes to the base case are examined from the point of view of their effect
on the cash position of the business. This is the second last line of the cash flow
statement with the label of “Cash at end of year.” While profit is important, “cash is
king,” to quote a cliché.

The effects of changes to the inputs to this scenario are examined. Firstly, the
effect of changes in the interest rate is shown in Figure 3.9. These results indicate
that if the interest rate increases to 20% the company will need more capital in the
first year, but a mild increase from 13 to 15% will not affect the need for more cash.

The effect of the amount of debt as a function of the total capital on the pro-
jected cash flows for Apex Foods is shown in Figure 3.10. Debt above 50% results
in a negative cash position, that is, the company is bankrupt or insolvent. While the
company can easily afford to repay the interest on the debt after the third year, it
cannot afford higher debt repayments in the first two years. This limits the amount
of debt in these few years. A number of different financing strategies may be de-
veloped to tide the company through this period. It is worth mentioning here that
accounting insolvency means that the liabilities of the company exceed the assets,
while commercial insolvency means that the company has run out of cash.
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Figure 3.9 The effect of the interest charged on the cash flow for Apex Foods. The points represent
the base case assumptions
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Figure 3.10 The effect of the percentage of debt on the cash flow for Apex Foods

The effect of the number of days receivable is shown in Figure 3.11. A reduction
in the number of days receivable from 90 days to 30 days will reduce the working
capital requirements from $21,900 to $11,900. This is a significant reduction in the
light of the total capital of the company of $60,000. This is the basis for the simplest
of all financial strategies: “collect early, pay late” to quote another cliché.

While spreadsheet projections can provide a lot of numbers relatively quickly, it
is more important to gain insight and formulate a financial strategy. Insight can be
gained from determining the effect of various parameters on the financial position of
the company. Further insight can be gained by varying the projections for different
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Figure 3.11 The effect of the days receivable on the working capital requirements for Apex Foods

economic conditions, that is, to create different scenarios and examine the perform-
ance under them. A third way of gaining insight is to examine the consequences of
decisions on the performance, for example, changing the dividends paid, the amount
of debt carried, the days payable, amongst others.

Another way to develop insight and understanding is through a thorough analysis
of the financial statement using financial ratios and financial trees (also called Du
Pont diagrams). The use of these techniques is discussed in the next section.

3.12 Ratio Analysis and Financial Trees

There are two main methods of analysing financial statements. The first is trend
analysis and the other is ratio analysis.

In trend analysis, a value from the financial statements, or a ratio of these values
is plotted over time to discern whether any trends exist in the performance of the
company.

In ratio analysis, the company’s performance is analysed against its own histor-
ical performance, and those of its peers with respect to a number of ratios between
combinations of values from the financial statements. For example, the return on as-
sets is the ratio of operating profit (income, EBIT) to the total assets, and this ratio is
compared with that of the company’s previous performance, and with that of com-
panies in the same industry. From this analysis, the investors and the management
can reach conclusions on the operating performance of the company compared with
its past and with its peers.

The relationship between the various ratios and the financial statements is often
best visualized in the form of a financial tree, such as that shown in Figure 3.12.
Two ratios are shown together with their relationship between the income statement
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Figure 3.12 A financial tree showing the relationship of the return on assets and the return on
equity to the income statement and balance sheet

and the balance sheet. These two ratios are the return on assets and the return on
equity.

The return on assets (ROA) is the ratio of the operating income to the total assets,
while the return on equity (ROE) is the ratio of the net income to the owner’s equity.
These two ratios are measures of the financial performance of the company. The
first, ROA, is a measure of the performance of the company’s operations since it
is a ratio of the operating profit to the assets in operations. The second, ROE, is
a measure of the performance of the company from the owner’s or investor’s point
of view since it is a ratio of the net income to the owner’s share of the company.

These two measures are important to different sections of the company’s manage-
ment. As a measure of operating performance, the ROA is of paramount importance
to the general manager or chief operating officer. Often, this is the point of measure-
ment of the performance for the divisions of a company. Another way of expressing
this is to say that operations or divisions must be concerned up to the EBIT level,
while the chief executive and other senior executives are concerned with the financ-
ing, tax, and equity issues that constitute the inputs to ROE.

Another way of viewing these two ratios is through the Du Pont equation. The
role of the Du Pont Powder Company in the formalization of a comprehensive cap-
ital budgeting process in the early twentieth century was mentioned in Chapter 2.
Pierre du Pont and his executives strove to measure the efficiency with which assets
were utilized. They developed the concept of return on investment, ROI, which was
stated in the following form:

Earnings  Sales

ROI = (3.39)
Sales Investment
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The earnings for the Du Pont equation is the same as the net income or profit,
and the investment is the expenditure on fixed capital. Therefore, it is clear that the
return on assets mentioned earlier is the same as Du Pont’s return on investment. The
return on investment allowed Du Pont to measure the performance of each division
and department within the company as a function of its profit margin and its asset
turnover. The ranking of the company’s operations and future investments based on
the return on investment significantly lowered the cost of managing a complex and
diverse company.

The return on assets is the same measure as Du Pont’s return on investment and
is given in the following formula:

Net Income  Sales

ROA = (3.40)
Sales  Total Assets

The interpretation of the return on assets is given in the following expression:
ROA = (Profit Margin) (Asset Turnover) (3.41)

The company can improve performance by increasing the profit margin or by
increasing the asset turnover, which is the sales divided by fixed investment in assets.
Increasing the asset turnover is often referred to as “sweating the assets” or, more
formally, the capital utilization.

The return on equity is sometimes referred to as the extended Du Pont equation.
It can be expressed as follows:

Net Income ~ Sales  Total Assets

ROE = - (3.42)
Sales  Total Assets  Equity

The third factor on the right hand side is referred to as the equity multiplier, and
expresses the asset value of the company as a function of the equity owner’s value.
The equity multiplier is a measure of the amount of debt that is used in the business.
This can be shown from the following algebra:

. - A A 1 1
Equity Multiplier = —

= = = - (3.43)
E A—-L 1-L/A 1—DebtRatio

A, L and E represent the assets, liabilities and equity, respectively. Thus, the
higher the ratio of debt to assets, the higher the equity multiplier.

The interpretation of the extended Du Pont equation reveals the critical compo-
nents in managing a successful business:

ROE = (Profit Margin)(Total Asset Turnover)(Equity Multiplier) (3.44)

This equation implies that the company can improve its performance, as viewed
by the owners, by increasing the profit margin, increasing the asset turnover and
increasing the equity multiplier. Increasing the equity multiplier is achieved by in-
creasing use of debt. Too much debt, however, will have a negative impact on the net
income and hence the profit margin. Consequently, the return on equity encourages
the judicious use of debt.
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3.13 Summary

The basics of the financial statements were examined in this chapter. There are three
financial statements: the balance sheet, the income statement and the cash flow state-
ment. The balance sheet represents the funding and financial position of the busi-
ness, the income statement represents the performance of the business and the cash
flow statement represents the health of the business.

The financial statements are prepared according to accounting principles and
conventions. Two of those that impact on the general understanding of the finan-
cial statements are accrual accounting and the historical cost conventions. Accrual
accounting recognizes transactions when a firm commitment has been made, rather
than when the payment is made. This allows for the accurate recording of credit
transactions. The financial accounts are prepared on the basis of historical costs,
rather than current market values. They represent a true reflection of the transac-
tions at the time at which they occurred. This particularly affects assets, whose book
value may have no bearing on its market value or its operational value.

The dual nature of transactions was considered, which lead to an expression
known as the accounting equation. The accounting equation is the basis of the bal-
ance sheet, and states that the value of the assets of a company is equal to the liabil-
ities plus the owner’s equity.

The financial statements are prepared for a reporting period. The balance sheet,
which represents conserved quantities because of the dual nature of transactions,
is the balance from the beginning of the company’s life to the reporting date. The
income statement and the cash flow statement do not represent conserved quantities,
and are therefore balances between two points in time, that is, from the beginning
of the reporting period to the end of the reporting period.

The business process was considered in the form of a flow diagram with a feed-
back loop. The construction of the income statement from the business process
was discussed. The construction of the balance sheet from the accounting equa-
tion was presented, and the derivation of the cash flow statement from the other
two statements was discussed. The interaction between the financial statements was
derived.

The ratio method for analysing the performance of a company from its reported
financial statements was examined. The Du Pont diagram showed how interrelation
between the income statement and the balance sheet could be analysed to obtain
useful measures of the performance of the company at the level of operations and
owner’s interest.

3.14 Review Questions

1. What must be provided in the annual report of a company?
2. What are the financial statements?
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What is another word for profit that is used in the income statement?
What is the income statement known as in the UK?

What is owner’s equity?

Who regulates the accounting profession?

Does accounting treat a sole proprietorship the same was as it is treated in
law?

Why is accrual accounting used?

Is the market value of the assets of a company the same as those represented
on the balance sheet?

Can the reporting period for the preparation of the financial statements be
three months?

What is a credit sale?

Are the values of the assets in the company’s accounts increased for inflation?
What are the basic transactions in a business?

How is EBIT determined?

Is the principle amount for a loan tax deductible?

What is the difference between SGA and overheads?

Why is the Profit and Loss Account different from the Income Statement?
How is corporate tax calculated?

What is the “bottom line?”” What is the “top line?”

Is “Accounts Payable” a current asset?

What is the “book value” of an asset?

Is “Accounts Receivable” and “Debtors” the same thing?

What are the categories of the Cash Flow Statement?

What is working capital?

What are the two formats for the Balance Sheet?

Is depreciation a fund for the replacement of capital?

What is the book value of an asset at the end of its useful life?

If the company is short of cash, how can this be rectified?

How do retained earnings affect the cash position of the company?

What is the Du Pont diagram?

What is return on equity?

What is limited in a limited company?

Who is responsible for the debts of a partnership and a limited company?
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3.15 Exercises
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1. Anengineering business is expected to have revenues of $1 million each year.
The costs of producing the manufactured items, consisting of labour and raw
materials, amounts to $600,000. The overheads are $50,000, the interest on

debt is $50,000 and the tax rate is 35%.

(i)  What is the gross profit?

(il))  What is the EBIT (PBIT)?

(iii) How much tax is paid?

(iv)  What is the net income (profit)?

2. Over a period of a year, a business engages in the following transactions:

(i)  Borrows $600,000 from the bank

(ii)  Purchases a lathe for $50,000

(iii)  Purchases a delivery vehicle for $15,000
(iv)  Purchases stock for $200,000

(v)  Sells $100,000 of product, which has not been paid for by the end of

the year

Construct a balance sheet representing these transactions.
3. An engineering consultancy has the following income and expenses during

a particular reporting period:

Item

Amount, $

Vehicle expenses

Rent and rates payable
Depreciation of office equipment
Sales

Goods purchased

Lights and water
Telephone

Internet

Insurance

Interest on business loan
Salaries and wages

1,200

4,000

1,500

100,000
67,000

900
450
300
800
500

11,000

(i)  Determine the profit for this business by preparing an income statement.
(ii)) Explain the meaning of sales for an engineering consultancy.

An engineering consultancy employs five civil engineers who charge their ser-

vices at $1000/day. There are 260 working days in a year. The engineers get
20 days leave a year, and only half of the remaining time can be charged to
clients. The gross profit margin is 65%. The consultancy employs a number of
administrative staff and have other expenses related to overheads. The over-
heads are 50% of the gross margin. The consultancy recently purchased furni-
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10.

1.

12.

ture and office equipment for $100,000, which is depreciated on a straight-line
basis over five years. The company paid for this with a loan, which carries an
interest rate of 9%. Tax is charged at 35%. Forecast the income statement over
the next six years if the consultancy adds a new engineer to their staff each
year.

Construct a forecast of the balance sheet and the cash flow statement for the
engineering consultancy in Question 5. Determine the amount of equity in-
vestment the owners of the consultancy need to provide for the business to be
viable.

A company has an EBIT of $3 million, and has interest expenses of $500,000
and depreciation of $300,000. If the tax rate is 35%, and the company retains
40% of the profit, determine the dividends paid to the shareholders, and the
cash flow from these activities during the period.

Consider the financial statements for Apex Foods given earlier.

(i)  Prepare a forecast of the company’s income statement for each year of
the project.

(ii)  Prepare a spreadsheet of the company’s balance sheet for each year of
the project. Allow the user to enter different values for the amount of
equity and debt raised, the interest rate, and the dividend rate paid to
shareholders.

(iii))  Prepare a spreadsheet of the company’s cash flow statement for each
year of the project. Allow the user to enter different values for the
amount of equity and debt raised, the interest rate, and the dividend
rate paid to shareholders.

(iv)  Prepare a spreadsheet of the project financials for the project.

Compare the return on assets and the return on equity for the Santa Anna
HEPS with Apex Foods. Which business is more attractive?

Construct a Du Pont diagram for the Apex Food’s performance in the fifth
year of operation. What are the values for the return on assets and return on
equity?

An engineer starts a business by paying $100,000 in equity capital. During
the course of the first year, the business made sales of $89,000, incurred vari-
able costs of $35,000 and fixed costs of $10,000. The business also loaned
$75,000 from a bank, incurring interest of $2,000 during the period. The funds
were used to purchase a machine for $120,000 and to fund working capital of
$30,000, which consisted of $10,000 in accounts receivable, and $20,000 in
inventory. The machine is depreciated on a straight-line basis over ten years,
and the tax rate is 40%. Establish the income statement, cash flow statement
and balance sheet for the business at the end of the first year.

A common method of valuing a business is to use Price/Earnings ratios, or
P/E multiples. Determine the value of Apex Pumps at the end of the fifth year
is the P/E multiple is 15.

The following items are relate account balances for Johnson Engineering as
at year end 5 April:



90

Item Amount
Equipment 82,000
Creditors 12,000
Bank overdraft 16,000
Product inventory 20,000
Debtors 11,000
Buildings and land 92,000
Capital at previous year end 190,000
Cash 12,000
Vehicles 5,000
Office equipment 9,000
Profit for year 25,000
Dividend payment 12,000

Establish the balance sheet for the company.

3 Financial Statements



Chapter 4
Cash Flows for a Project

4.1 Introduction

It was argued in Chapter 1 that value of the project was determined by the amounts,
timing and risk associated with the cash flows for the project. The case study of the
Santa Clara Hydroelectric Power Scheme in Chapter 1 was introduced to illustrate
the construction of these cash flows to obtain the financials for a project. The case
study of the Santa Anna HEPS Company was introduced in Chapter 3 to illustrate
the interaction between the project financials and the financial statements. In this
chapter, the estimation of the cash flows for a project is examined in more detail.

4.2 Determining the Cash Flows for a Project

The forecast of the cash flow and free cash flow for a project has the following five
basic items:

Estimation of the capital costs

Estimation of the operating costs or expenses
Forecasts of the sales or revenue

Calculation of the direct taxes and royalties
Estimation of the working capital

M

An overview of each of these items was presented in Chapter 1. Each of them
will be discussed in further detail in this chapter.

The level of detail required for each of these items is dependent on the accuracy
of the estimate required. In addition, the level of detail and the accuracy of each
item must be consistent with one another. It is common to build an estimate in
stages, adding further detail and refining the accuracy at each stage. This staging of
the cost estimates is mirrored in the staging of the engineering design.

91
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The estimation of these five items for a project is a forecasting process. It must
not be confused with the cost allocation performed by cost (or management) ac-
countants, which is a retrospective function aimed at providing management with
tools for the control of operations.

Before discussing methods for determining each of the cash flows, it is useful
to outline the phases or stages of the engineering design process and the approval
procedure within a company.

4.3 Overview of the Stages of Engineering Design and
Construction

The design and construction of a capital investment project usually proceeds through
a number of phases. These can be classified as follows:

(i) Design

The design process will depend on the type of project. The scope may be defined
in terms of the following: either greenfields site (new) or brownfields site (where
utilities and infrastructure may exist); the battery limits (an assigned geographic
boundary to specifically identify a portion of the plant or equipment); and the avail-
able infrastructure and offsites. Generally, the design phase will proceed in stages
during which the level of detail is enhanced and the accuracy of the capital cost
estimate is improved as the project matures. For example, in a major chemical engi-
neering project, design usually proceeds through the stages of conceptual, basic and
detailed design. The deliverables for the conceptual and basic stages may include
flow sheets, basic control strategies, equipment lists, and equipment specification
sheets.

(i) Detailed engineering

Detailed engineering is the phase of producing the specifications for the project
that are sufficiently detailed for procurement and construction. Items that may be
included, depending on the project, are: major equipment list, including sizing cal-
culations and materials of construction specification; piping and instrumentation di-
agrams, including control loop specifications; motor lists; piping specifications; plot
plans, and general arrangement drawings; hazard and operability analysis; planning
schedules.

(iii)  Procurement

Procurement is the process of obtaining quotations on enquiry and bids on tender
from vendors and service providers, and the placing of the orders for equipment and
construction packages.

(iv)  Construction

The buildings, infrastructure and facilities are erected and the equipment in-
stalled.
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(v)  Commissioning

The commissioning phase concerns the start-up of the operation. It may include
the ramp-up to full capacity. The standard operating procedures for the operations
are produced during this stage.

4.4 Approval Procedure

The approval for a capital project occurs in stages. Each of these approval stages
represents the approval to embark on the next stage of the engineering design. As
a result, the design phase itself occurs in a number of stages. Usually, the design
phase and the approval process are matched, so that the design does not continue to
the next stage unless approval has been provided. Thus, an approval step, in which
a decision is taken to continue to the next stage or not, separates each stage of the
design process. The approval process is sometimes referred to as a “gate,” and the
design work the “stage.” The interaction between the technical development and the
decision approval process is shown in Figure 4.1.

The nomenclature for the design stages and the estimates of the capital costs are
used slightly differently from company to company and from industry to industry.
In spite of this, they do convey a sense of the status of the design in the overall
process and the accuracy of the current estimate. For example, a chemical engin-
eering design might go through the stages of concept, basic and detailed design,
while a mining project might go through stages of exploration, pre-feasibility and
bankable feasibility.

Stage of Project

Business dpportuni Business Business Final Business
Development Eecssmig Case Plan Plan

« Opportunity « Assess opportunity + Select best alternative «+ Define scope
scanning and market needs « Develop engineering « Project execution plan
*« R&D « Develop alternatives design criteria « Supply and offtake
« Business « Assess risks and + Select technology agreements
Enquiries uncertainties + Develop business
« Seek alignment with
strategy
Engineering Concept o
Stud B Pre-Feasibility o
Yy Feasibility . o
Detailed Engineering
« Preliminary « Pre-feasibility study « Feasibility study « Detailed engineering package
engineering « Study estimate +/- « Budget estimate +/- « Control estimate +/-10%

proposals 30% 15%
« Capital estimate:
> +/-50%

R ama Sy S O—v
Approval + Strategic fit + Right business « Right solution « Project authorization
* Accept next + Preliminary financials  i. Financials « Accept implementation plan

phase plan * Accept next phase plan i. Accept next phase plan

Figure 4.1 An overview of the progress of a project through the different stages of engineering
design
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The decision to proceed from one of the design stages to the next usually requires
formal approval. Major capital expenses will require the approval of the company’s
board of directors. The technical and financial aspects of the project may include
peer review, either within the organization or from independent reviewers.

4.5 Estimation of the Capital Costs

A cost estimate is the forecast of the probable costs of a project of a given scope
at a particular location at a particular time. The components of the capital cost, and
methods for their estimation, are discussed in the following sections.

4.5.1 Components of Capital Cost Estimates

The capital cost estimate consists of two main categories: direct fixed costs and
indirect fixed costs. This is illustrated in Figure 4.2. Direct fixed costs consist of all
the production equipment, the facilities and the utilities. The cost of site preparation,
such as, cutting and filling, structures, service and office buildings, roads, rail tracks
and boundary fencing is included in the fixed capital cost category.

Major Equipment
EQUIPMENT Bulk Material

Freight & Transportation

Site Facilities
Site Costs

Civil
CONSTRUCTION Mechanical
Electrical
Instrumentation
Commissioning

DIRECT COST

ENGINEERING Detailed Engineering
PROCUREMENT Procurement Services

CONSTRUCTION Management
MANAGEMENT Construction Team Camp

Fees

Order of Magnitude Studies

OWNER'S COST Basic Engineering

INDIRECT COST

CONTINGENCY Allowances

Figure 4.2 Elements of the capital cost estimate for a project managed by the owner
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There are three elements to the indirect costs. These are engineering, procure-
ment, and construction management costs, owner’s costs and contingency.

There are two main categories of contract that the owner can enter into with the
contractor for the engineering, procurement, construction and construction manage-
ment of a project: lump sum and cost-reimbursable.

In a lump-sum contract, the contractor agrees to provide all the work specified
in the scope for a fixed price. For example, the contract might be for the delivery
of a crystallization plant. The contractor agrees to provide the plant with a certain
capacity and performance on a certain date for a fixed price. The project’s owner
is not exposed to the risk that the capital cost may escalated between the time the
project is approved and the time it is handed over to the owner after construction.

The lump-sum price includes cost of the equipment and the cost to the contractor
for the construction and installation of the operations. It might include the costs
of any outstanding design work that is required. It also includes the contractor’s
overheads, profits and a provision for the risk of budget and schedule overruns.
Lump-sum contracts are generally awarded on the basis of a competitive tender and
often lead to the lowest direct cost.

In a cost-reimbursable contract, the owner directly purchases all the equipment,
and pays for the construction. The engineering contractor is paid for their costs in-
curred, usually fees charged on an hourly basis. Cost-reimbursable contracts are
common when the project’s definition is unclear, so that the contractor cannot prop-
erly estimate the costs involved. These contracts provide the owner with greater
flexibility to specify changes during the process. In this case the contractor is usu-
ally appointed earlier on in the design process than that for a lump-sum contract and
is more intimately involved in the design process.

The main difference between these contracts is in the risk assumed by the two
parties. In a lump-sum contract, the engineering contractor assumes the majority
of the risk. In a cost-reimbursable contract, the owner assumes most of the risk.
More detail and definition of these contracts and the variations on them can be ob-
tained from the International Federation of Consulting Engineers, (www.fidic.org)
or the Institution of Civil Engineers (www.ice.org.uk). The International Federation
of Consulting Engineers is also known as Fédération Internationale Des Ingénieurs-
Conseils (FIDIC).

Commonly, an engineering, procurement, and construction (EPC) cost implies
a lump-sum contract, while an engineering, procurement, and construction manage-
ment (EPCM) cost implies a cost-reimbursable contract.

The owners’ costs for the early design and project definition and for the owners’
team during the remainder of the design and construction process are typically not
charged to the capital of a project; instead the owner treats them as an expense of,
for example, the projects department, and the costs flow through the project owner’s
accounts.

The contingency cost is a provision for unforeseeable events or elements of cost.
The contingency accounts for elements of cost that may arise from inadequacies in
estimating methods, and other factors within the project scope, such as unproven
technologies. Changes in project scope, commonly called “scope creep,” change the
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basis of the estimate and should be dealt with in a transparent manner rather than as
a contingency. Contingency should not account for events such as price escalation,
work stoppages and disasters.

When an idea for a new project is first mooted, a quick appraisal of costs is re-
quired. If it passes muster, further engineering and cost studies will be conducted
to define more accurately the estimate of the capital costs. The accuracy of the es-
timates of costs depends on the maturity of the project, the viewpoint adopted and
the end use of the estimate. Two common systems of classifications of estimates
are those based on the end use, and those based on the level of accuracy. There is
significant overlap between these two conventions. If the approval procedures and
the engineering design are completely aligned, as shown in Figure 4.1, then there is
no difference between them. These two conventions are discussed next.

4.5.2 Classification of Capital Cost Estimates
Based on their End Use

Three common types of estimates, that is, design, bid and control estimates, are
based on the end use of the estimate.

(1) Design estimates

This is the cost estimate that the design team determines on behalf of the project
owner. The design estimate is typically staged into at least three, and possibly more
stages in a major capital project; each of these stages adds detail to the engineering
design and accuracy to the cost estimate. These estimates guide the owner’s decision
to proceed with the investment or to abandon or delay the project.

(i1)) Bid estimates

This is the estimate provided by a contractor or vendor. It is often submitted for
competitive bidding in response to a request for tenders or proposals. The scope
depends on the tender request, but could include construction and supervision. The
bid estimate is used by the contractor to secure the job, and by the owner’s team to
prepare their estimates. The bid reflects the contractor’s desire to secure the tender,
and bids can vary widely between different suppliers.

(iii)  Control estimates

The owner and the construction company use the control estimate as a basis
for cost control during construction. This estimate may also be called the control
budget or budget estimate. For a contractor, the bid estimate is used for planning
and control.

Other classifications of the costs are based on the level of accuracy of the esti-
mate.
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4.5.3 Classification of Capital Cost Estimates
Based on their Level of Accuracy

The level of detail and consequently the level of accuracy of the estimate required
are dependent on its end use. In practice, however, the level of detail represents
a trade-off between time and cost. Improvements in both the design and the capital
cost estimate require the allocation of further skilled human resources, which are
typically scarce and expensive. Importantly, acquiring more accuracy takes time,
which may be in shorter supply than either money or skilled people.

The typical cost of obtaining the estimate as a fraction of the total design cost is
illustrated in Figure 4.3. The level of accuracy is expressed in terms of confidence
limits. In statistical terms, these limits express the range about the expected value in
which the outcome can occur with a certain probability. The confidence limits are
usually those at a probability of 90%. From the data represented in Figure 4.3 it may
cost about 1% of the final capital cost to obtain an estimate that has an accuracy
level of +15%. The accuracy level means that there is a 90% probability that the
final cost will be between ¢ — 0.15¢ and e + 0.15¢, where e is the estimate of the
capital cost. In other words, if the capital cost of the plant is $350,000 at an accuracy
level of £15%, there is a 90% probability that the cost is between $297,500 and
$402,500.

Cost estimation is not an exact science. In the same way, the naming conven-
tions are not uniform through all the fields of engineering and project management.
A number of cost engineering associations have suggested classifications of capital
estimates. For example, the Association for the Advancement of Cost Engineers In-
ternational (AACE) has suggested a classification of the capital cost estimates that

0 T T T T
0 10 20 30 40 50

Level of accuracy (% plus or minus)

Cost of estimate as % of total project cost

Figure 4.3 Cost of the estimate as a percentage of the total capital cost
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is shown in Table 4.1. The level of accuracy of the estimate within each design stage
is shown schematically in Figure 4.4, although different terminology is used to that
used in the Table 4.1. Since there is no one standard terminology, it is important to
be able to translate between the different systems.

Table 4.1 Cost estimation classes defined by the Association for the Advancement of Cost Engi-
neers International

Estimate Level of End usage of Expected or Preparation Method of preparation of
class project estimate probable accuracy  effort™  estimate
definition™ ranget T

Class I 50-100% Controlor  Low:-3to—10% 5to 100 Detailed estimating data by
bid/tender  High: +3 to +15% trade with firm quantities

Class2 30-70% Controlor  Low:-5to-15%  4to20 Detailed estimating data by
bid/tender =~ High: -5 to +20% trade with detailed quan-

tities

Class 3 10-40%  Budget, Low: -10to 20% 3to 10 Semi-detailed unit costs
authorisation High: +10 to +30% with assembly level line
or control items by trade, historical

relationship factors

Class4 1-15% Study or Low: -15t0-30% 2to4 Equipment factored, his-
feasibility High: 420 to +50% torical relationship factors,
broad unit cost data
Class 5 0-2% Concept Low: 20 to -50% 1 Capacity factored, judg-
screening High: +30 to +100% ment, analogy, historical
comparisons, gross unit
cost
+

The level of project definition is expressed as a percentage of the complete definition.
*+  The preparation effort is relative to the least effort, that is, to Class 5 estimate.
T++ At the 90% confidence level.

Concept o
Pre-Feasibility .
Feasibility i i i
P — | Detailed Engineering

Upper limit of accuracy estimate
+50%

Confidence limit

-10%

-30%
-50% Lower limit of accuracy estimate
Figure 4.4 The increasing level of accuracy with the increasing definition of the engineering de-
sign
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The increase in the level of detail results in the increase in the accuracy of the
capital cost estimate, as shown in Table 4.2.

The methods typically used in the preparation of the estimate of the direct fixed
costs are shown in Table 4.1. In the earlier stages, estimates are based on factors and
unit costs. Both these methods are discussed later. In the latter stages, quotations
from suppliers and tendered bids are used.

®
This an approximate forecast of the capital cost. The easiest method of achieving
an order of magnitude cost is to scale the cost for a similar operation to the same

production rate and apply escalation factors to account for the increase in capital
equipment costs. It is not realistic to apply confidence limits to this type of estimate.

Conceptual estimate (order of magnitude estimate)

Table 4.2 Cost estimation level guide for the estimate classes

Estimate Class 1 Class 2 Class 3 Class4  Class5

Level of capital cost esti-  Conceptual ~ Feasibility Budget Control ~ Revised

mate

Confidence limits > 4+25%to  +25% to +15% to +10% to  +5% to

—15% —15% —5% -10% —5%

Site:

Plant capacity Assumed Preliminary Finalised Finalised Finalised

Visits by team Not essential Recommended Essential Essential Essential

Infrastructure requirements Assumed Recommended Essential Finalised Finalised

Process:

Flow diagrams Assumed Preliminary Optimum Finalised Finalised

Laboratory tests If available = Recommended Essential Essential Finalised

Pilot plant testing Not needed Recommended Recommended Essential Finalised

Energy and material bal- ~ Not essential Preliminary Optimum Finalised Finalised

ances

Project facility definition:

Plant layouts Conceptual ~ Preliminary Probable Finalised Finalised

Equipment selection Notional Preliminary Optimum Finalised Finalised

General arrangements: None Preliminary Recommended Finalised Complete

mechanical

General arrangements: None Preliminary Recommended Finalised Complete

structural

General arrangements: None Preliminary Recommended Finalised Complete

civil

General arrangements: None Preliminary Recommended Finalised Complete

infrastructure

Piping drawings None None Preliminary Line Mostly
complete

Electrical drawings None None Preliminary Line Mostly
complete

Instrumentation drawings ~ None None Preliminary Line Mostly
complete

Specifications None Preliminary Recommended Complete Complete

Overall draughting:

% completion Minimal 5% 10 -15% 30 40% 80%
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(i) Study estimate (pre-feasibility, preliminary estimate)

Some definition has been added to the project from the conceptual stage. The
duty, or the operating capacity or the size has been defined in broad terms, the main
items of equipment are known and the location of the operation is known. For chem-
ical engineering type projects, a mass and energy balance of the preliminary flow-
sheet has been calculated. The cost of the major equipment items is estimated by
reference to the costs of similar items adjusted for the difference in size and to ac-
count for the change in cost since the reference item was installed. The costs of mi-
nor items and of other installations, such as electrical, instrumentation, piping, and
structural work can be estimated based on factors expressed as a percentage of major
equipment. An estimate obtained in this manner can have an error limit of +30%.

(iii)) Budget estimate (feasibility, funding, scope estimate, bankable feasibility)

As is shown in Table 4.2, the site is specified, the process engineering is largely
complete, and the site layout, civils and general arrangements are mostly complete.
The necessary pilot plant work has been done; even a trial mine has been completed
if a mining project. The capital cost is estimated from individual items, groups of
equipment, structures and buildings. The instrumentation can usually be specified
from the piping and instrumentation diagrams, and the control system can be costed
from the number of I/O (input/output) loops required. Electrical costs can be deter-
mined, for example, from the electrical motor lists and the installed power required.
An estimate obtained from this level of detail can be within an error limit of £20%
or even +10%.

The budget estimate is frequently used as the basis for the securing of funds,
either internally or externally. For this reason it is sometimes called the bankable
feasibility study. This estimate forms the basis for the decision to proceed with the
investment. As result, it will also detail a schedule for the completion of the work
and a cost forecast for the completion of the design.

(iv)  Control estimate (definitive estimate)

The vast majority of the design information is known. Costs are determined by
quotations from suppliers or bids from vendors and contractors. The control estimate
will be within less than +10%. The control estimate is used for cost control during
the construction and commissioning phases. The project manager will monitor all
costs and authorize funds against this estimate.

(v) Detailed estimate

At this stage all design and draughting work has been essentially completed.
The costs can be estimated from bills of materials and unit costs, from quotations
by vendors for purchased equipment and contractors’ costs. An estimate with an
accuracy of less than +5% can be achieved.
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4.6 Estimation Techniques for Capital Costs

There are two main techniques that are used for estimating capital costs. These
are factored estimation techniques and unit cost techniques. Factored techniques
are generally used in the earlier stages of design when bills of quantities are not yet
available or the vendors’ quotations have not yet been obtained. Unit cost techniques
are used when a bill of quantities is available, which is generally when the design is
at a defined stage.

4.6.1 Factored Estimate Techniques

If the price of a similar item is known, either from historical data or for a similar
item of a different size, the cost or design engineer can update the cost for the current
situation. Thus different types of factoring account for a change in time, that is,
updating a cost from the past to the present, while others account for a change in
capacity, that is, correcting a cost of item of a particular size or capacity to another
size or capacity. Another factoring method estimates the cost of an item based on the
cost of a reference item. For example, the costs of civil, structural and other items
can be estimated as a factor of the major equipment costs.
Each of these different types of factored methods is discussed next.

(i) Costindex

A cost index is the ratio of an item’s cost today to its cost in the past. The con-
sumer price index (CPI) is the most well-known of these types of indices.
The use of the cost index is expressed in the formula:

C,=Co— “.1)

where C; and I; represent the cost and the index today, respectively, and Cy and I
represent the cost and the index at some other time fy.

There are a number of published cost indexes for overall operations and various
individual groups within an operation. For example, the journal Chemical Engineer-
ing publishes the Chemical Engineering Plant Cost Index (CEPCI), and there is the
Marshall and Swift equipment cost index. These cost indices represent the price
inflation for various categories of capital equipment.

The application of the cost index is illustrated in the following two examples.

Example 4.1: Cost index.

A fluorspar plant cost $15 million in the year 2000. The plant cost index for operations
similar to this one was 1,179 in the year 2000, and it is 2,162 today. What is the current cost
of the plant today?

Solution:

Cost today = $15 million (2162/1179) = $27.5 million.
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Example 4.2: Calculation of cost index.

A sulphuric acid plant cost $12 million in 2001 and a plant of similar capacity and design
today costs $19 million. Determine a cost index for acid plants today.

Solution:

Use 2001 as the reference year, and assign it an index of 100, then the index for today is
given by:

Index = 100(19/12) = 158.3

(i)  Cost-capacity factors

The cost-capacity relationship corrects for capacity differences. The commonly
used relationship is a power-law function, and because the exponent is often found
to be close to 0.67, it referred to as the “rule of two-thirds.” The functional form for
this relationship is given by the following equation:

02\"
Cr=Ci | == 4.2
? 1<Q1) @2

where C is the cost at capacity O and C; is the cost at capacity Q». The exponentn
is commonly between 0 and 1. For n less than one, economies of scale exist, while if
n is greater than one, the equipment costs increase at a rate greater than the increase
in capacity.

Exponents are available for individual pieces of equipment, or whole plants.
Sources are Chemical Engineers’ Handbook, Plant Design and Economics for
Engineers, amongst others. Examples of the values of the exponential factor n for
various types of equipment are in Table 4.3.

The application of the cost-capacity factor method is illustrated in the following
example.

Example 4.3: Cost-capacity factors.

A fluorspar plant cost $15 million for a 50,000 t per year facility. What would the cost be
for a 120,000 t per year facility if the “rule of two thirds” were applicable?

Solution:
Cost for 120,000 tpa plant = $15 million (120,000/50,000)0'67 = $27 million.

(iii)) Equipment factors

A method that relates the total plant cost to the cost of the major equipment is
commonly used. This factor method, sometimes called the Lang method after the
originator of the idea, has the functional form given by the following equation:

Table 4.3 Capacity factors for different equipment

Equipment Range Factor n
Tanks 1-100m> 0.67
Reactor 1-200m> 0.74

Compressor 150-1500 kW 0.32
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Table 4.4 Equipment factors for plants

Type plant Factor, f
Solid process 3.1
Solid-fluid process 3.6
Fluid process 4.7

Cr=fCk (4.3)
where Crand Cg are the total costs and the major equipment costs, respectively,

and fis a factor dependent on the type of operation. Values of factors for different
types of facilities are given in Table 4.4.

Table 4.5 Example of equipment factors for a process plant

Category Factor
Equipment 100
Erection

Simple proprietary equipment 10

Some site fitting or fabrication 11

Extensive site fitting or fabrication 12
Structural

Mainly ground level access 8

Some above ground level access required 10

Significant access structure or platforming 12
Civils

For equipment, minor structures 10

For equipment, structures, some acid proofing 15

For equipment, extensive structures/pits/acid proofing 20
Buildings

Mainly personnel use 6

Small provision for workshops 10

Larger workshops/warehouses 16
Piping

Relatively simple, mainly small pore piping 60

More complex, medium bore piping 80

Complex, significant recycle 100
Electrical

Mainly small, ancillary drives (e.g., conveyors) 12

Machine main drives (pumps, compressors, crushers) 16

Major anticipated electrical vs. equipment cost 20
Instrumentation

Simple control system 15

Moderately complex control system 23

Complex control system 30
Protective cover

Mostly painting 4

Some insulation 6

Heavily insulated surfaces 10
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Table 4.6 Equipment factors for the plant

Item Factor
Plant and equipment 100
Erection 10
Structural 10
Civils 20
Buildings 6
Piping 80
Electrical 16
Instruments 15
Protective cover 6
Subtotal (direct fixed cost) 263
Site development (add 5%) 13
EPCM (add 20%) 53
Offsites (add 15%) 39
Subtotal 368
Contingency (add 20%) 74
Grand total 442

Refinements to this method allow for different categories of the total capital cost
to be estimated from the equipment costs. In this case, the factor f is composed of
components arising from elements of the design and construction, such as structural,
civils, buildings, piping, electrical, instrumentation, amongst others. In general, the
functional form for the decomposition of the factor f into its component parts is
given by the following expression:

F=14Y 5 4.4)
i=1

where f; represents the component factors. For example, Table 4.5 provides an il-
lustration of typical factors for a process plant.

The application of the equipment factor method is illustrated in the following
example.

Example 4.4: Equipment factors.
The major equipment is estimated to cost in the region of $20 million for a moderately

complex process. Determine an estimate, using the Lang factors for a process operation
given in Table 4.5, to determine the total capital cost.

Solution:
The estimation of the factors is given in the Table 4.6 above.

From the results given in the Table 4.6, the total capital cost is estimated to be $88.4 million
(=442/100 x $20 million). Note EPCM can vary from 10 to 30% of the fixed capital; for
large projects the EPCM costs are closer to 10%, for smaller projects they are higher. The
contingency accounts for the poor quality of the estimate, amongst others. For a factored
approach, a contingency of 10 to 25% is common.
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4.6.2 Unit Costs Techniques

If a project is sufficiently specified, a bill of quantities can be estimated or deter-
mined. The unit cost approach uses the bill of quantities and the cost per unit of
each of these items to determine the total cost. This can be expressed mathemati-
cally as the following equation:

C= ZCiQi 4.5)

where C is the total cost, and ¢; and g; are the cost per unit and the quantity of units
required for each element in the bill of quantities.

The unit cost may not be simply specified. For example, a piece of equipment
may require unpacking from the delivery crates, transport to the site and installation.
Another example may be the building of a foundation, which requires formwork,
rebars and concrete. In cases like these the unit cost approach is expanded to include
the additional factors. If the unit cost consists of materials, equipment and labour,
then the total cost may be calculated from the following equation:

C=Y (mi+eit+wLi)aqi (4.6)
1
where m; and e; refer to the unit cost of materials and equipment, respectively,
while the term w; L; refers to the unit cost of the labour. The symbol L; represents
the amount of labour required per unit of ¢;, and w; represents the wage associated
with the labour task.
The following example illustrates the application of the unit cost method to esti-
mate the total cost.

Example 4.5: Unit costs.

A contractor needs to determine the costs for the concrete foundations for a building in
order to submit a bid. The estimated quantities required are given in the Table 4.7.

Determine the cost estimate.
Solution:

The unit costs for each item are given in Table 4.8. The total is calculated using Equation 4.6.
The bid total for the contractor is $78,191.

Table 4.7 Unit costs

Item Quantity
Formwork 1,120 m?
Rebars 1,800 kg

Concrete 400 m?
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Table 4.8 Calculation of costs based on unit costs

Item Quantity  Unit material Unit Wage rate Labour Total
cost equipment required
cost
Formwork 1,120 m>  $4.2/m? $8.3/m? $20/hr 1.5he/m?  $47,600
Rebars 1,800 kg $0.8/kg $1.1/kg $20/hr 0.06hr’kg  $ 5,791
Concrete 400 m®  $5/m? $45/m? $20/hr 0.6hr/m*>  $24,800
Grand total $78,191

4.7 Estimation of the Total Operating Costs

Once the project has been built, it must be operated over the course of its lifetime.
The total operating costs of the project are all the costs of the manufacturing process,
the administration of the operation and the distribution and marketing of the product.
The manufacturing costs are also known as production costs or operating costs. The
composition of the total operating costs for a typical manufacturing facility is shown
in Figure 4.5.

The operating costs can be calculated on the basis of an annual cost or a cost
based on a unit of production. The preferred method is the former, mainly because

Raw Materials

Operating Labour
Supervision

Utilities

DIRECT PRODUCTION Maintenance and Repairs
Supplies

Analysis

Licence Fees & Royalties

Insurance

FIXED Rent

Safety, Health and Environment
Storage

PLANT OVERHEAD Packaging

Fire Department

Maintenance and Workshops

MANUFACTURING COST

Management Salaries
ADMINISTRATIVE Administrative Wages
Offices

TOTAL OPERATING COST

SALES AND Sales and Support

Shipping
DISTRIBUTION Advertising

GENERAL COST

Figure 4.5 Composition of the total operating costs
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the results are to be used in a cash flow analysis that is usually presented on an
annual basis.
The components of each of the cost items are discussed next.

4.7.1 Direct Production or Manufacturing Costs

All the costs associated with the manufacturing process, such as the direct produc-
tion costs and the plant, are regarded as manufacturing costs.

(1) Raw materials

The raw material requirements are determined from mass balances or production
schedules. The calculation of the required annual quantities must account for all
losses and inefficiencies. These costs should include all transport and delivery to the
production site. The delivery quantities should be determined as a trade-off between
lower costs associated with bulk quantities and the cost of on-site storage.

(ii))  Labour

The costs of labour can vary widely for a project, ranging from a major new
greenfields site to a small addition to the current manufacturing process, and from
an integrated and automated chemical plant to a labour intensive manufacturing
process. Labour costs are highly dependent on the location of the plant.

In the initial stages of cost estimation, the labour component can be estimated
from either the owner’s experience or from published information on similar op-
erations. In order to adjust for capacity differences, an expression similar to the
cost-capacity relationship used in Equation 4.2 can be used with the value of the
factor n to be about 0.25.

The labour requirement can also be estimated from the amount of work that must
be done. This can be constructed from the bottom up by determining the labour
requirement for each manufacturing step or unit of operation. The labour require-
ment for each manufacturing step can be determined from equipment suppliers and
vendors, and the company’s experience.

For example, the equipment supplier indicated that two operators are required for
a continuous filtration operation per shift, making the total complement six (three
shifts per day, allowances for weekends and vacation leave). The filter operators
report to a foreman who has a number of operational steps under his or her control.
The foreman reports to a plant superintendent. The supervisory positions would not
be required on a shift basis. The labour complement is determined by constructing
an organisation chart for the operation in this manner.

@ii1)  Utilities
The utilities are the energy, cooling and air requirements for the operations. Ex-
amples are steam, cooling water, compressed air, instrument air, refrigeration, fuels,

electricity, water and waste disposal. The cost of the main utilities can be estimated
from local costs for their supply or generation and the level of consumption required.
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(iv) Maintenance and repairs

The annual maintenance costs can be expressed as a fraction of the capital cost.
In the process industries, the total annual maintenance costs for material and labour
ranges between 4 and 12% of the fixed capital cost. Of course, this is dependent on
the type and scale of the operation, the processing conditions, the maturity of the
technology and the type of equipment.

(v)  Operating supplies (consumables)

There are numerous supplies required to keep an operation functioning. These
items range widely, from lubricants to packaging materials, and from personal pro-
tection equipment to stationery.

4.7.2 Fixed Manufacturing Costs

The fixed manufacturing costs do not vary with the amount of production. Examples
of these are insurance and rentals.

1) Insurance

The insurance charges depend on the type of operation and the extent of insur-
ance cover. Typical annual charges are about 1% of the fixed capital cost.

(i1) Rentals

Rentals are charges for rented land and property, and will be dependent on the
area.

4.7.3 Plant Overheads

The overhead costs involve essential services, such as fire protection, safety, ware-
houses, and cleaning, amongst others, that are not dependent on the level of produc-
tion. These services allow the plant to operate efficiently as a unit.

4.7.4 General and Administrative

The main contributors to this cost category are the administrative functions and the
sales and marketing functions. These costs are also a fixed cost in the sense that they
are not dependent on the level of production.
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(1) Administrative costs.

These are the costs for managers, engineers not directly involved in operations
(projects department), and accountants, and their associated office costs, such as
office supplies and communications (internet and telephone).

(ii)  Sales and distribution

These are the expenses associated with getting the product to market. They in-
clude the salaries, wages, travelling expenses and commissions for the sales staff,
shipping expenses, and technical sales service. The costs vary widely, depending on
the location of the operation, the location of the market, the need for advertising and
the type of product.

4.7.5 Royalties and Production Payment

There are two types of royalties that should be considered in the evaluation of
projects. These are the charges for the use of intellectual property or know-how,
and those levied by the owner of rights, such as the rights for the extraction of natu-
ral resources. The second type is normally levied by a government as an additional
form of taxation, and is discussed in the section on taxes.

The agreement between two parties to allow the one to use the intellectual prop-
erty of the other on a royalty basis is generally known as a licence agreement. The
agreement will specify the term, the territory, the rights and calculation of payment
of the licence. Typically, royalties are paid as a proportion of the annual revenue
generated or on the production rate. The royalty rates vary widely, depending on the
industry and the product.

In the calculation of the cash flow for the project, the royalties for the use of
intellectual property or know-how are included in the operating expenses. The level
of detail in these calculations should match the level of detail required for the whole
analysis.

4.8 Forecasts of the Sales or Revenue

The forecasts of sales revenue should always be derived from an analysis of the
market needs or requirements. The driving factors in each industry will be different.
For example, the competitive process in one commodity industry may be focused on
price, while in another commodity industry it may be focused on share of the market.
Factors like these must be taken into account in the development of a business or
marketing plan.

The sales revenue can be forecast based on the levels of production, market pen-
etration or based on actual sales or off-take agreements. In a commodity industry,
it is usual to expect that the entire production can usually be sold. However, the
unknown factor is the price that can be received. In the early stages of the design
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process, a price forecasting method might be used while later on revenue predictions
may be based on secured contracts with customers.

The forecasting of sales is a major effort in its own right, as important as the
engineering design. Depending on the industry and the particular dynamics of the
industry, the new operation may face stiff competition from established players.
These actions must be anticipated and taken into account in the forecast.

For large capital projects, long-term contracts for the sale of the products may be
a prerequisite for obtaining funding for the project. The sale of the products or the
use of the facilities can be made under a number of different types of arrangements.
Some of these sales or product off-take agreements are the following: (i) take-or-
pay contract; (ii) take-if-offered contract; (iii) hell-or-high-water contract; (iv) toll-
treatment contract; (v) throughput contract; and (vi) cost-of-service contract. The
main features of each of these agreements are as follows:

(i)  Take-or-pay contract. The purchaser is obliged to pay for the output of the
project whether or not the purchaser takes delivery. If the purchaser does not
take delivery, payment is still required. These payments are credited to future
delivery. If the project is unable to deliver the service or produce the product,
the purchaser does not have to pay. For example, a chemical manufacturer en-
ters a take-or-pay offtake contract with a purchaser who agrees to pay for the
entire product from the facility whether or not he accepts delivery. This pro-
vides the funders of the chemical manufacturer with security that the revenue
projections will be met.

(i)  Take-if-offered contract. The purchaser is obliged to accept and pay for a de-
livery of the project’s output if the project delivers it. Thus, whatever the
project can produce, the purchaser must accept. If the project fails to deliver,
the purchaser has no obligation.

(iii)  Hell-or-high-water contract. In this type of contract, the purchaser must pay,
whether the project delivers or not.

(iv) Toll-treatment contract. In this type of arrangement, the project charges fees
for the processing of the materials, which continue to be owned by the sup-
plier. The toll fees must meet the operating and financing costs of the project.
For example, a gold refinery accepts gold ingots with a gold content of 90%,
and delivers gold back to the supplier at 99.99% purity. The charges are levied
in accordance with the costs of operation and financing. Penalties may be im-
posed for material that is regarded as problematic to the refinery. For exam-
ple, in copper refining, penalties are charged for elements such as bismuth
and arsenic, which are regarded as “poisons.”

(v)  Throughput agreement. A throughput agreement has some conceptual simi-
larities to a toll-treatment agreement. The purchaser of the service agrees to
purchase sufficient amounts of the service so that all the operating costs and
financing costs are met. For example, a gas producer will agree to ship enough
gas through a pipeline project to meet its operating and funding expenses.

(vi) Cost-of-service agreement. In this type of contract, the purchasers meet their
share of the full costs of providing for the service in return for the propor-
tionate share of the project’s output. For example, a consortium of electricity



4.9 Calculation of the Direct Taxes and Royalties 111

consumers that together build and operate a hydroelectric scheme might enter
a cost-of-service agreement. Each of the parties is obliged to pay for its share
of the electricity, whether it uses it or not, and whether it is supplied or not.
This type of agreement provides debt funders with a high level of security.

4.9 Calculation of the Direct Taxes and Royalties

The aim of a company is to address a market need, and thereby make a profit. Soci-
ety benefits from the company’s activities from the company addressing the market
need, and from taxation on the company’s taxable profits, which the government
uses for the general benefit of all.

Taxation has a direct effect on the cash flow for a project and must therefore
be included in the financials for the project. Another category of charges that also
affects the cash flow to a project is that of royalties. Royalties may be charged either
by the owner of intellectual property that the company uses in order to make its
products, or by a government for the extraction of a natural resource. In this section
the royalties that are charged by government are discussed. The royalties for the
use of intellectual property were discussed in Section 4.7.5. Taxes and royalties are
discussed separately.

4.9.1 Corporate Tax

The tax on companies and corporations clearly affects the cash flow to a project, and,
hence, affects the evaluation of investment opportunities. As a result, the project
financials are prepared on an after-tax basis.

In spite of the complexity of the taxation system, the details can be calculated
precisely. However, the level detail of the calculations that are included in the cal-
culation of the taxes for the evaluation of the project must match the level of detail
used to obtain the other cash flows. The major effects and variables of the taxation
system must be included; minor or second order effects can be neglected. The test is
that of materiality: does its inclusion significantly alter the cash flow of the project?
If the answer is yes, then its inclusion is justified.

(i)  Income tax

The general principles of taxation are clear and straightforward. Companies are
assessed for income tax annually on their profits at a corporation rate. In some coun-
tries, like the USA, corporate tax is charged on a sliding scale, while in the others,
such as the UK, it is charged at a flat rate. In addition, the taxation rate for cor-
porations has changed widely over the last thirty years. Tax is charged not on the
gross profits (income less costs) but on the “taxable profits,” “taxable income” or
“assessed income.” There are two deductions from the pre-tax profits that affect the
taxable income. These are allowances and interest expense.
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The interest payable on debt is deductible from the profit in determining the tax
charge. It essentially has the effect of treating interest as an expense. In order to
separate the investment and the financing decision, the evaluation of the project is
made on the basis of funding the project from the company’s own resources, known
as the entity basis, or “100% owner-funded basis.” As a result of this choice, interest
is not charged as an expense in determining the tax due by the project. The effect of
the funding of the project, and hence the effect of interest on the taxable amount, is
included in the cost of capital against which the attractiveness of the project is to be
assessed. The concept of the entity basis is discussed in Chapter 12 and the cost of
capital is discussed in Chapters 8 and 12.

(ii)) Timing of tax payments

In Chapter 3, it was assumed that when tax is due, it is paid immediately. In
many countries, the taxation system allows for payment about six months later. This
allows for time to prepare the books and determine the tax liability. This delay in the
payment of tax can be incorporated in the project financials, but usually at a later
stage when the additional effort is justified. Other taxation systems may require
the payment of a provisional tax every six months, which is adjusted in the final
assessment six months after the close of books. This is the same as paying the tax
when it is due.

(iii)  Capital allowances and depreciation

The taxation system grants allowances that are deducted from the pre-tax profits
to determine the taxable profit. These allowances may be called tax deductions in
some taxation systems. The main tax allowance applicable in the assessment of
projects is the depreciation, also known as the capital allowance. In some other
countries, the depreciation for tax purposes (capital allowance) might be called
a “wear and tear” allowance. The concept of depreciation was discussed in Chap-
ter 3 and the main methods of calculating the depreciation are presented in Chap-
ter 8.

In some countries, the costs of research and development can be deducted in the
year of purchase.

(iv) Tax credits

Tax credits are not the same as deductions, which are subtracted from the
project’s profit. Tax credits, if applicable, are deducted from the tax amount. Ex-
amples of tax credits in the US are the investment credit, the research credit and the
alternative fuels credit. In the UK, the investment credit has been withdrawn.

4.9.2 Capital Gains Tax

A distinction between the proceeds earned from the sale of capital items and those
from the sale of goods or services is made by the taxation systems of most countries.
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A capital gain is realized if a capital item is sold for more than it originally cost.
There may be a separate taxation rate for capital gains; different taxation systems
treat capital gains differently. It is difficult to forecast a capital gain because most
assets loose value with use and over time. An exception may be for assets that are
known to appreciate, such as the value of land.

For assets that have been depreciated, the profit realized from the sale of an as-
set above its book value is not a capital gain. If it is sold at a price higher than the
book value, this “book” profit is taxed as ordinary income. Sometimes the differ-
ence between the sale price and the book value is called depreciation recovery or
depreciation recapture.

The sale of an asset below the book value causes a loss; this capital loss usually
cannot be used to offset ordinary income, it can only offset other capital gains.
These factors are usually not important in the forecasts of the project cash flow,
except in the case of replacement studies, where the equipment to be replaced may
incur a gain or loss on sale.

4.9.3 Royalties

In some cases the government charges royalties for certain activities, for example,
for the extraction of natural resources. These royalties can be for mining, oil and
gas recovery, or even leases for the right to explore for natural resources. These
royalties, where applicable, must be accounted for in the project financials.

4.10 Working Capital

Working capital, as discussed in Chapter 3, is the funding required by the project
or company in order to get it going, and to sustain its operations. Working capi-
tal includes inventories, accounts receivable (debtors) and accounts payable (credi-
tors).

The working capital is defined as:

Working capital = Current assets — Current liabilities 4.7)

Working capital = Accounts receivable + Inventory + Accounts payable (4.8)

As a rule of thumb, the working capital is about 15% of the fixed capital. The
working capital requirements can be estimated from an estimate of the creditor days
and debtor days that the business expects. Similarly, the inventories of raw materials,
work-in-progress, and finished product stock can be estimated in the same manner.
For example, for accounts payable, it is usually expected that the company will meet
its payment obligations within four weeks. Therefore, the accounts payable can be
estimated from the following equation:
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Accounts payable = (Annual COGS)(Creditor days)/365 4.9)

Similarly, for the other items of working capital:

Account receivable = (Annual revenue)(Debtors days) /365 (4.10)

Raw materials inventory = (Raw materials purchased in a year) 4.11)

(Raw materials inventory days) /365

Product inventory = (Annual revenue)(Product inventory days) /365
(4.12)

Maintenance inventory = (Annual maintenance requirements) (4.13)

(Maintenance inventory days) /365

The following guidelines can be valuable in estimating the parameters for these

equations:

(1)  Creditor days. Usually 4 weeks is the recommended value.

(i)  Debtor days. Locally payments are usually made within 4 weeks. However,
if the sale is to an offshore buyer, there may be a significant delay between
the sales event and the payment event. In these cases, three to four months is
not uncommon.

(i) Raw materials. Usually four weeks. If the materials are imported, this may
be longer, say eight weeks.

(iv)  Products. The product inventory accounts for both finished goods and work-
in-progress. An average estimate is four weeks.

(v)  Maintenance spares. Usually a company holds about six weeks of spares.

The following example illustrates the estimation of the working capital require-
ments.

Example 4.6: Determination of the working capital requirement.

The annual revenue for an operation is estimated to be $10 million, and the cost of goods
sold is forecast to be $8 million. The creditor days are expected to be 30 days, while the
debtor days are expected to be about 60 days. The product inventory days are expected to
be 40 days.

Determine the working capital requirement.

Solution:

Working capital = Accounts receivable + Inventory + Accounts payable
= 10(60/365) + 10(40/365) — 8(30/365)
= $2.08 million.
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4.11 Case Study: Order of Magnitude Estimate
of the Capital Cost of a Plant

The cost of an oil refinery with a capacity of 200,000 barrels per day was constructed
in Liverpool six years ago. The cost was £100 million. Estimate the cost of a refinery
with a capacity of 300,000 barrels per day in Cardiff. The average inflation rate was
7% over the six years, the cost-capacity exponent for oil refineries is 0.65, and the
location index for Liverpool is 0.95, while that for Cardiff is 1.02.

Solution:

The value of the capital cost of the Liverpool plant would be equal to 100(1 +
0.07)® = £150 million today.

The cost-capacity exponent for oil refineries is 0.65. This means that the cost for
the larger plant would be equal to 150(300/200)%% = £195 million.

There is a difference in the costs for construction between the two sites. This
different in the costs between the two locations is accounted for in a location index.
Since Liverpool has a location index of 0.95 Cardiff’s is 1.02, the cost of the plant
in Cardiff would be equal to 195(1.02/0.95) = £209 million.

The order of magnitude estimate for the plant is £209 million.

4.12 Case Study: Factored Estimate of the Capital Cost
of a Plant

The major equipment items for a chemical plant have been established. They are
a furnace, a reactor, a distillation column, and a tank farm. The costs for these items
are given in the Table 4.9.

Estimate the fixed capital investment and the working capital requirement for
a 300,000 t/yr plant.

Solution:

The process plant is mainly a fluid-processing plant. The Lang factors for this
type of plant are given in the Table 4.10.

The total equipment costs are for the two capacities are $7,500,000 and $25,000,
000 respectively. The costs for the total fixed capital is therefore equal to 7.5(483/
100) and 25(483/100) for the two different capacities. If linear interpolation is used

Table 4.9 Major equipment costs

Equipment Equipment cost ($000s)
100,000 t/yr 400,000 t/yr
Furnace 3,000 10,000
Reactor 2,000 6,000
Distillation column 1.500 5,000

Tank farm 1,000 4,000
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Table 4.10 Estimation of the capital expenses

Item Factor

Direct costs

Purchased equipment — delivered 100
Purchased equipment — installed 47
Instrumentation and control 18
Piping 66
Electrical 11
Buildings 18
Yard 10
Service facilities 70
Land 6
Total direct costs 346

Indirect costs

Engineering 33
Construction 41
Contractor’s fee (5%) 21
Contingency (10%) 42
Fixed capital investment 483

to obtain the value at a capacity of 300,000 t/yr, the capital costs are estimated to be
equal to $92,500,000.

The working capital is often between 10 and 20% of the fixed capital investment.
If an average of 15% is used, the working capital cost is estimated to be $13,900,000.

4.13 Summary

There are five components to the estimation of the project financials. They are as
follows:

1. Estimation of the capital costs

Estimation of the total operating costs
Forecasts of the sales revenue

Calculation of the direct taxes and royalties
Estimate of the working capital

DA

The estimation of the capital costs for a project is part of the engineering design
process. The design and the cost estimation of major capital projects are staged
activities in which further detail and greater accuracy are obtained at each stage.
The cost estimates for the capital costs are classified according to either their end-
use or their level of accuracy.

The estimate may be a design, bid or control estimate, depending on its end use.
Design estimates are usually prepared by the owner to estimate the costs prior to
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soliciting bids. A bid estimate is prepared by a contractor in order to submit a re-
sponse to a tender for work. The owner and the construction company use the con-
trol estimate to control costs during construction and commissioning. There are two
main ways in which a contractor can be engaged: either on a lump-sum basis or
a cost reimbursable basis. If the contractor submits a bid estimate on a lump-sum
basis, and he wins the tender, this is the total that the owner will pay the contrac-
tor, and the bid estimate is the contractor’s control estimate. If the contact is on the
basis of a cost reimbursable contract, the owner and the contractor will agree to
a particular estimate that forms the budget for the control of costs during construc-
tion.

The estimate could also be classified as a conceptual, pre-feasibility, feasibility or
basic engineering estimate, depending on its level of accuracy. The nomenclature for
this system of classification is inconsistent, although cost engineering associations
have attempted to introduce some rigor into the system. The cost of preparing an
estimate can be a significant amount compared with the final capital cost. These
estimates are primarily used to assess whether a project is to be approved or not. As
a result, the design process for producing the estimate and the approval process for
decision-making are aligned in most major corporations.

The capital cost is determined from a specification of the equipment and mate-
rials required and their construction or installation costs. This is achieved from the
engineering design, which establishes the equipment list, the layout and the general
arrangement of the equipment. The most accurate method of determining the cost is
to obtain quotations from vendors, suppliers and contractors. This is an enormous
amount of work. As a result, two techniques are used to estimate the overall costs
without having to expend the full level of effort in the earlier stages of the design
and approval process while still maintaining some level of validity. These are the
factor techniques and unit cost techniques.

There are three types of factor techniques: cost index, cost-quantity and equip-
ment factor techniques. The cost index techniques scale the costs from historical
costs to today’s costs based on an index that has been determined from cost data.
The cost-quantity equation scales the equipment or entire operation for different du-
ties or capacities. The equipment factor technique estimates the cost of the overall
operation as factors of the cost estimate of the major items.

The operating costs are determined from the manufacturing costs and the gen-
eral costs of operations. The manufacturing costs are the direct production costs, the
fixed costs and the plant overhead. The general costs are the costs of the adminis-
trative functions, sales and distribution functions. These categories can be divided
further into line items such as raw materials costs, operating labour costs, etc. The
materials costs are determined from the production schedule or the mass and energy
balances, while labour and supervision costs can be established from an organisa-
tional chart.

The sales for the project can be estimated by a variety of means, depending on
the product and the industry. For example, copper from a mine is unlikely to re-
main unsold. The unknown factor is not the level of sales, but the price that will be
received for the copper. On the other hand, the sales of a chiral oxyrane, which is
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a group of chemicals used in pharmaceutical manufacture, can be as specific as that
for a particular drug for only one client. In this case, the sales forecast requires an
in-depth knowledge of the market, the relationships in the market and an ability to
assess the future demands.

Income taxes are charged on the “taxable income” at the tax rate for that level of
income. There may be some incentives provided by the authorities that reduce the
amount of tax paid, and these must be included in the calculation. Other forms of
tax are capital gains tax that may be applicable. Royalties are commonly charged
by the state for the use of state property. An example is the lease right for oil, or
mining royalties for the extraction of a metal. These royalties, like income taxes,
depend on the country. The difference between royalties and taxes is that taxes are
charged on the taxable income, whereas royalties are charged on the revenue from
the operation.

The working capital is the amount of money required for inventory, stores, spares
and creditors. These costs can be estimated from the hold-up of material or money
in these items.

As a checklist, the elements that are generally required for all projects are the
following:

1. Capital costs

a. Equipment
e Purchased equipment
e Installation, including insulation and painting
* Instrumentation and control
* Piping
e Electrical
e Spare parts

. Buildings

. Facilities and yard

Land

. Services

- 0 & o o

. Engineering contractor and associated costs
g. Contingency

2. Operating costs

a. Direct operating costs
e Raw materials
* Operating labour
e Supervision
* Power and utilities
* Maintenance
e Supplies
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* Analytical
* Licence fees
b. Fixed production costs
e Insurance
* Rent
c. Plant overheads
» Safety, health and environment
* Storage
» Packaging
* Disposal
* Fire
* Maintenance and workshops
d. Administrative costs
* Management salaries
e Administrative salaries
* Offices
e. Sales and distribution expenses
» Sales and support staff salaries
* Shipping and distribution expenses
* Advertising and marketing expenses

3. Forecasts of the sales revenue
4. Direct taxes and royalties

e Income tax: national and local
e Tax credits

e Depreciation

* Royalties and property taxes

5. Working capital

e Accounts receivable

e Accounts payable

e Product inventory

* Raw materials inventory
* Maintenance inventory

4.14 Looking Ahead

The next chapter introduces the concept of the time value of money, a key idea in
developing comprehensive criteria for the assessment of a project.



120 4 Cash Flows for a Project

4.15 Review Questions

1 What are the different ways of classifying the estimate of the capital costs?
2 Discuss the different types of engineering contracts.

3. At what confidence level are cost estimates usually established?

4

Compare and contrast three different methods for the estimation of capital
costs.

5 Is the feasibility estimate the same as the bid estimate?

6 What is the most accurate way of establishing the capital costs?
7. What are the elements of the operating costs?

8 How are the operating costs established?

9 What are the plant overheads?

10. How is tax charged?

11.  On what basis are royalties usually charged?

12.  What is working capital?

13.  What are the elements of the project financials?

14.  Are interest charges included in the project financials?

15. What are the different methods for the estimation of capital costs?

4.16 Exercises

1. Mr Darrel, a manager with a company developing solutions for an environ-
mental problem known as acid-mine drainage, has been asked by the board of
directors to prepare a “class 3 estimate” of the capital costs. Mr Darrel wants
to know, what is a “class 3 estimate?”’

2. A chemical reactor cost $3 million five years ago. What is the cost today if
the plant equipment index was 211 then and is 567 now?

3. The price for steam boilers of a particular capacity has increased at a rate
4.7% pa. What is the cost of the boiler if it cost $200,000 five years ago?

4. The price of a 300 kW compressor is $2,000. Estimate the price of a 1,500kW
compressor if the rule of two-thirds applies.

5. The Lang factors for an ammonia plant are given in the table below:

1) What is a Lang factor?

(i) How are they used?

(iii) Describe the meaning of each of the items in the table.

(iv)  If the major equipment costs are $4 million, determine the cost of the
plant if these Lang factors apply.
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6.

Item Factor
Plant and equipment 100
Erection 10
Structural 10
Civils 20
Buildings 6
Piping 80
Electrical 16
Instruments 15
Protective cover 6
Subtotal (direct fixed cost) 263
Site development (add 5%) 13
EPCM (add 20%) 53
Offsites (add 15%) 39
Subtotal 368
Contingency (add 20%) 74
Grand total 442

The research department has developed a new electronic device. The parts and
their costs are as follows:

Item Quantity Unit price, $
12-k resistor 2 0.11
20-k resistor 3 0.15
150-k potentiometer 1 0.98
Diode 4 0.43
Switch 1 0.66
Capacitor 2 0.67
Transistor 1 1.53

The labour costs for manufacture and quality control are $25/hr. The machine
shop requires 6 hr to process 100 units, and assembly and inspection require
5 and 2 hr, respectively for 100 units. The overhead costs for manufacturing
are equal to the labour costs. Determine the cost of the device.

A heat exchanger costs $20,000 and is depreciated on a straight-line basis
over ten years. Construct the depreciation schedule showing the depreciation
charge and the book value over the ten-year period.

A manufacturing facility will cost $10 million in fixed capital. The working
capital is 25% of the fixed capital, and the fixed capital is depreciated over ten
years. The revenues are $3 million, the expenses $1 million and the tax rate
is 35%.

(i)  Determine the project financials for the first ten years of operation.
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(ii))  Determine the payback period for this operation.
(iii)  Determine the return on investment.

Plot the price of stainless steel tanks between 1 m? and 1000 m3if the rule of
two thirds applies. The price of a 10 m? tank is $20,000.

If the cost of a tank is priced in terms of weight of steel, determine the cost
of a 100 m3 tank with a diameter of 4 m and a wall thickness of 7.5 mm. The
cost of steel is $20,000 per ton.

The total capital investment for a chemical plant that produces epoxide is $10
million. The plant produces 3.12 million kg of the epoxide annually. Working
capital is 15% of fixed capital. The selling price of the epoxide is $0.93/kg,
and raw materials cost $0.21/kg. The utilities for the plant amount to $0.13/kg,
and the packaging and delivery amounts to 4.5% of the total cost. The tax rate
is 35%.

1) Determine the costs of production.

(i)  Determine the revenues.

(iii) Determine the taxes.

(iv)  Determine the free cash flow.

(v)  Construct the project financials for the first five years of the plant’s life.
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Capital projects have lives that extend over several years, sometimes over decades.
However, the value of a cash flow that is anticipated in a few years does not have
the equivalent value today. This is because of inflation and risk, which in turn means
that investors prefer to get their money back from the investment sooner rather than
later. It is important to account for this loss in value of money in the assessment
of the project. In addition, if money is borrowed interest is charged. Accounting
for these factors is referred to as the time value of money, which is the subject of
Chapter 5.

Several techniques have been devised for the assessment of the economic via-
bility or profitability of capital investments. Those techniques that incorporate the
concepts of the time value of money are generally referred to as discounted cash
flow techniques. There is no one preferred method of analysis, and usually several
are calculated. Both accounting and discounted cash flow techniques are examined
in Chapter 6. The application of these techniques to a variety of different decision-
making situations is discussed in Chapters 7 and 8.

The assessment of a capital project occurs in the broader context of the company
and its business context. The context for the decision on whether to invest in the
project establishes some of the questions that the analysis of the project’s free cash
flows should answer. The techniques of decision analysis, such as decision hierar-
chies and strategy tables, compliment scenario analysis and sensitivity analysis in
providing insight into the decision. The application of these techniques to decisions
concerning capital projects is discussed in Chapter 9.

A number of case studies are discussed in Chapter 10. These case studies repre-
sent a broad range of projects. These case studies are fictionalised versions of real
situations.



Chapter 5
Time Value of Money

5.1 Introduction

The value of an investment or project depends on the amount of cash flows expected
from the project, the timing of these cash flows and the risk associated with each
of them. Methods for the calculation and estimation of the amount and the timing
of the cash flow expected from the investment were presented in Chapter 4. In this
chapter, the effect of the timing of the cash flows is explored.

It is a truism that “time is money,” but the measure is different for different
people. This is reflected in their economic choices. A student who has low earn-
ing power takes a bus to Paris, while an executive with high earning power prefers
to fly, getting there in half the time. A retiree takes hours shopping for bargains,
while the plastic surgeon takes short vacations at expensive resorts. People from the
first world are seen by people from developing countries to be wasteful with mate-
rial goods and economical with time, while first world inhabitants see the citizens of
developing countries as casual with time, or “laid back,” and economical with their
cars, furniture and other material possessions.

In general, people prefer a dollar today than a dollar in a year’s time. Why is
this true? It is true because the owner of the dollar today has the use of that dollar
for a whole year longer than if she were to wait a year to receive it. That dollar
has value to its owner because it can be used. For example, a dollar received today
can be invested and as a result will be worth more tomorrow. There may be some
risk associated with the use of the dollar; however, a risk-averse owner may loan
the dollar to the government, which is the most secure investment, and still generate
earnings on that dollar. On the other hand, if the owner does not invest it, but simply
holds it, it may have a lower purchasing power due to erosion by inflation.

There are three reasons the value of money decreases with time: inflation, risk,
and preference for liquidity. Inflation refers to the loss of purchasing power of
money with time. Risk refers to variation in the outcome from the expected or anti-
cipated value; that is, risk refers to the chance of events not happening as antici-
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pated. Liquidity is the ability of the owner to sell the asset easily. For example, it is
harder to find buyers for shares that trade infrequently, that is, they are illiquid.

In this chapter, the effect of timing on the value of the cash flows that are ex-
pected from a project is discussed. This is material that forms the foundation of the
decision-making criteria that are developed in the next chapter. The time value of
money is the most important concept in engineering economics and forms one of the
cornerstones of finance. Most of the examples in this chapter use interest-bearing in-
vestments, similar to a bank account, in which the interest rate is fixed, to illustrate
the concept or technique. This is done only for the sake of simplicity of the presen-
tation. Of course, in reality there are all sorts of investments, many of which do not
have these features. The treatment of other types of investments, particularly capital
investments where equipment and plant is purchased and put to work, is considered
in the next chapter.

5.2 Interest and Interest Rates

Interest is the price paid for the use of money. Borrowers pay lenders interest for
being able to use the money now. It can be thought of as the rental payment for the
use of the money for a particular time.

The interest payments are usually expressed as a percentage of the total amount
borrowed and as a rate (per unit time). So if the interest charged for the use of $100
for a year is $9, then the interest rate is 9% per annum. The interest is expressed as
a percentage to allow easy comparison between loans of different sizes. Like any
rental, the charge for the use of the money depends on the period, and this needs to
be stated for clarity. If the time period is not stated, the assumption is that it is the
rate per year. For example, the statement that “the interest rate has increased” means
that the interest rate per annum has increased. Interest is also affected by multiple
periods, in which interest may be earned on the interest that was earned in previous
periods. This is called compounding, and will be discussed later.

5.3 Effect of Timing on the Value of Money

Time is money, and generally (economically rational) people prefer cash now rather
than cash in the future. Can this be quantified? Consider the following case in which
the financial officer has to make a decision.

The financial officer for the company wishes to invest an amount of money for
ten years. He has identified two options that seem to be attractive: (i) An electrical
utility is offering a security, known as a zero-coupon bond, for sale. The terms of the
security are that investors will pay $2,337.57 today to purchase the security, and the
utility will pay the owner of the security $10,000 in ten year’s time. The owner of
the security will receive nothing until then. (ii) The government is offering a similar
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security to that of the utility company, except that this security will pay $500 each
year for the duration of the security and in the last year will pay the full $10,000
plus the $500. The government is selling this security, known as a coupon bond, for
$4,787.76.

(It is important to remember that a choice is always available: an investor, either
an entrepreneur, or a company or a financial investor, always has the alternative of
putting his or her money in the bank.)

The timing of the cash flows for each of these options is different, and the fi-
nancial officer, as the decision maker, needs tools to enable him to make these de-
cisions. In the next sections, two concepts, the future value and the present value
of cash flows, are developed, and these concepts will be put to work to uncover
criteria that will enable this decision to be made rationally. Briefly, the method re-
lies on expressing any cash flow that is expected in the future in terms of its value
today. Then all options are compared on a common basis, that is, on the basis
of the present value of each option. This is schematically shown in Figure 5.1.
Criteria other than that of comparing on the basis of present value can also be
used. A number of decision-making criteria will be discussed in the next chap-
ter.

Before discussing the calculations required to determine present value of a cash
flow in the future, the next section discusses the future value of cash flow that is
received now.

Option 1: Electrical Utility

Returns l

Time
Investment
Calculate value now
of future cash flow
Option 2: Government Loan
Returns
Investment Time

| | |
Calculate value now
of future cash flow

Figure 5.1 A schematic of one of the methods of comparing investment options with different
cash flow profiles. These determine the equivalent value for all future cash flows in today’s terms,
and then compare the options based on their equivalent value today
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5.4 Future Value

Cash held today will earn interest with time if invested in an interest paying account
such as a bank account. As a result, the value of the investment will grow. For
example, if $100 is invested for a year at an annual interest of 10%, the value of
the investment will be $110 at the end of the year. This is equal to the value of the
principal ($100), plus the value of the interest that is received, $10 (= 10% x 100).
This can be expressed in the following form:

Value after 1 year = Principal + (Principal) (Interest Rate)(Number of Periods)
Value after 1 year = 100+ (100)(10/100 per year)(1 year) = 110

It is common to refer to the value at some date in the future as the future value,
and the value at present as the present value. In this example, the present value is
$100, and the future value after one year is $110 at an interest rate of 10%. That is,

FV (after one year) = PV+PVi = PV (1+1i) (5.1)

where FV is the future value, PV is the present value or the principal, and i is the
interest rate.

5.5 Multiple Periods

The determination of the interest paid or received for a single period is straightfor-
ward. For multiple periods, there are two options for the calculation of the interest
portion. These two options are called flat interest and compound interest.

In the method using the flat interest, the interest portion is determined in a manner
proportional to the time. For example, four years after the event, a motorist wins
a court case for a claim of $20,000 in respect of an accident. The courts determined
that the motorist is entitled to interest on the settlement at a flat rate of 8% pa. The
total settlement amount is calculated as follows:

Settlement = Principal + Interest Earned
Settlement = Principal + Principal x Interest Rate x Number of Periods
Settlement = 20,000 4 20,000(8% pa)(4 years) = $26,400 .

The future value of a deposit placed in an account earning a flat interest is therefore
given by the following expression:

FV=PV(l+in) (5.2)

where FV is the future value, PV is the present value, i is the interest rate, and 7 is
the number of periods.
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If the principal amount of $10,000 were invested for a period less than a year, say
5 months, at a flat interest rate of 5%, then the value after five months is calculated
as follows:

Value = Principal + Principal (5/12 years) (5% per year)
Value = 10,000 4 10,000(5/12)(0.05) = 10,000 +-208.33 = $10,208.33

Sometimes the flat interest is called simple interest. This is, however, confusing,
because simple interest sometimes refers to the effective interest, which is synonym-
ous with annual percentage rate. In order to not confuse the two terms, the term flat
interest is used. The two terms “effective rate”” and “annual percentage rate” will be
discussed shortly. The term flat interest is used to prevent confusion.

The second option for calculating the interest over multiple periods is called
compound interest. In this method it is imagined that the investor withdrew her
money from the bank at the end of each period and re-invested both the principal
and the interest earned for the next period. For example, if the investor placed $100
in the bank for year at an interest rate of 5% pa, the value at the end of the first year
is calculated as follows:

Value at end of year 1 = Principal + Interest Earned
Value at end of year 1 = 100+ 100(5% pa)(1 year) = $105

Now the entire amount is re-invested at the same rate, so the value at the end of
year 2 is calculated as follows:

Value at end of year 2 = 1054 105(5% pa)(1 year) = $110.25

This contrasts strongly with the calculation based on flat interest, where there
was no interest earned in the second period on the interest earned in the first period.
In the case of flat interest, the amount at the end of year 2 would have been equal
to $110. The additional $0.25 is the interest earned on interest. The quarter dollar
may not seem significant, but consider the additional earnings if the principal was
$1,000,000.

If the amount were to be re-invested for a third year, the value of the amount in
the bank account at the end of the third year can be calculated as follows:

Value at end of year 3 = 110.25 + 110.25(5% pa)(1 year) = $115.50

It can be easily verified that the future value of a principal amount, PV, at an
interest rate of i per period after n periods is given by the following equation:

FV=PV(1+i)" (5.3)

The process of determining the future value is called compounding, and the op-
posite process, that of determining the present value from the future value, is called
discounting. Prior to discussing each of these operations in turn, it is necessary to
discuss the interest rate in more detail.
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5.6 Types of Interest Rates

In the previous section, it was shown that interest could be charged either as flat
interest or as compound interest. Up until now the examples have been limited to
compounding once a year and quoting the interest rate on an annual basis. However,
neither of these two factors needs to be fixed, or even the same. For example, the
interest rate can be quoted on a monthly basis, and the compounding period can be
daily. Two concepts and their associated terminology are important in understanding
interest rates. These are the concepts of nominal rate and effective rate, which are
discussed in the next two sections.

5.6.1 Nominal and Period Interest Rate

The nominal rate is the quoted rate without the effect of compounding. For example,
if the bank quotes an interest rate of 18% pa on debit balances on credit cards, how
will the interest charge be calculated?

The quoted rate, called the nominal rate, is an annual rate that does not include the
effect of compounding. The outstanding balances are determined monthly, which
means that the compounding period is monthly. The monthly rate, called the period
rate, can be simply obtained from the following expression:

Period Rate =(Nominal Rate per annum)

/(Number of Compounding Periods per year) 5.4

In this case, the period rate is equal to 1.5% per month (= 18% pa/12 months per
year).

Then, assume that there was a constant balance of $1 in the account. The total
amount in the account after one year would be equal to 1(140.015)!? = $1.1956,
since the account earns 1.5% each month, which is then paid into the account so
that interest is also earned on the interest in the next month. This result is obviously
higher than a flat rate of 18%, where the account would be worth $1.18 at the end
of the year.

The difference between flat interest and compound interest is the result of com-
pounding twelve times during the year. This means that the compound interest for-
mula in terms of the nominal rate is written in the following form:

FV= PV(I n i) (5.5)
m

where i is the nominal interest rate per period compounded m times per period over
n periods.

For example, suppose we wish to determine the future value of an amount of
$100 deposited in an account for two years that earns 7% pa compounded monthly.
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This means that there are 2 periods of a year with compounding 12 times per year.
The value of the deposit at the end of the two-year period is calculated as follows:

0.07\%4
FV =100 (1+7> =$114.98

The term nominal is equivalent to the terms annual percentage rate, or APR. The
interest rate of what is actually earned or paid is called the effective rate.

5.6.2 Effective Rate

The effective rate is the rate with compounding once per period that gives the same
amount of interest as a nominal rate compounded a number of times per period. This
definition is used to derive a formula for the effective rate.

Consider an investment that earns a nominal interest rate { per annum com-
pounded m times per year. The value of such an investment at the end of a year
is given by:

FV=P(l+i/m)"

where P is the principal and m is the number of compounding times per period. The
effective rate, e, is the interest rate that is earned if the compounding period is only
once a year:

FV="P(l+e)

Since the future value is the same for both equations (by the definition of e), the
relationship between the effective rate and the periodic rate is obtained by equating
the expressions:

P(l+e¢)=P(l+i/m)"

Solving for e gives the following expression for the effective rate:

e= (1+i> -1 (5.6)
m

For example, if a credit card company quoted an annual percentage rate of 18%
per annum compounded monthly, then the effective rate is given by

e=(140.18/12)">—1=19.56%

This value coincides with the value of the debit balance discussed earlier in Sec-
tion 5.6.1. The calculation of the effective rate is illustrated in the following exam-
ple.
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Example 5.1: Annual percentage rate and effective rate.

An interest rate of 12% APR is charged on outstanding amounts on a bank loan. For this
particular loan, interest is charged on a daily basis. What is the actual rate or effective rate
that the lender is paying?

Solution:

APR is the quoted rate, or as was discussed in the previous section, it is the nominal rate.
The effective rate is then given by Equation 5.6 and is calculated as follows:

e=(1+0.12/365% — 1 =12.75%

The concepts of nominal, period and effective rates are important in understand-
ing the manner in which interest is charged. In the next section, the compounding of
interest is discussed.

5.7 Compounding

Compounding is the process of determining the future value of a deposit made today,
and represents the growth in value with time due to interest earned. The effect of
single and multiple payments at regular intervals are examined.

5.7.1 Single Payments: Growth

The value in the future of a single payment into an interest-bearing investment is
determined by the compound interest formula given in Equation 5.3. For example,
suppose $100 was deposited at 9% for ten years. The cash flows at various periods
can be visualized using a timeline. The timeline for this example, which is shown in
Figure 5.2, is straightforward: a single deposit is made at the beginning of the first
year, that is, at time 0. No other deposits are made, and the deposit earns interest at
9% per annum while in the account.

The future value, given the interest rate and the number of years, is calculated as
follows:

Future Value At Year 10 = 100(1 4+ 0.09)'% = 236.74 .

0 5 10

v

$ 100 $0 $0

Calculation of future value of deposit at year 10
$ 100 > $237

Figure 5.2 Timeline representing the deposit of $100 for 10 years
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Table 5.1 Contributions of flat interest and compound interest to the total value of an interest-
bearing investment at an interest rate of 9% pa

Year Opening balance Flat interest Compound interest Total interest Closing balance

1 100.00 9 0.00 9.00 109.00
2 109.00 9 0.81 9.81 118.81
3 118.81 9 1.69 10.69 129.50
4 129.50 9 2.66 11.66 141.16
5 141.16 9 3.70 12.70 153.86
6 153.86 9 4.85 13.85 167.71
7 167.71 9 6.09 15.09 182.80
8 182.80 9 7.45 16.45 199.26
9 199.26 9 8.93 17.93 217.19
10 217.19 9 10.55 19.55 236.74
Total 90 46.74 136.74

The future value is dependent on the principal amount and the parameters of
the compound interest formula. The next few sections investigate how the rate of
compounding, m, and the interest rate, i, influence the value.

(i) Contribution from flat interest and compound interest

The future value of a fixed-interest investment can be viewed as being composed
of two components: the component due to flat interest and the component due to
compound interest. The contributions of the flat interest and the compound interest
to the total interest in each period are shown in Table 5.1 and Figure 5.3. With time,
the contribution of compound interest to the total interest becomes dominant. This
is illustrated in Figure 5.4. Notice that by year ten the contribution of compound
interest to the total interest exceeds that arising from flat interest. The contribution
from compound interest becomes more prominent at higher interest rates.

(i1)  The effect of the interest rate

The interest rate is a primary parameter in the compound interest formula. In
other words, the future value is highly dependent on the interest rate. This is shown
in Figure 5.5. A fixed-interest investment at an interest rate of 25% would be worth
2.63 times the value of a fixed-interest investment at an interest rate of 3% after five
years, and 6.93 times after ten years.

(iii))  The effect of the rate of compounding

The rate of compounding, that is, the number of times per period that the interest
is calculated, influences the future value, although this effect is not as dramatic as
the effect of the interest rate itself. In spite of its less dramatic effect, it is still an
important aspect of interest-bearing accounts because the principal amounts can be
very large. The effect of the compounding period is shown in Table 5.2.

The last three compounding periods in Table 5.2 are not generally found in prac-
tice, although continuous compounding is used in academic finance circles. The
formula for continuous compounding is given by the following expression:
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Figure 5.3 The contributions of flat interest and compound interest to the total value of an interest-
bearing investment at 9% pa

90%

80%

70%

60%
50%

40%

30%

Contribution of compound
interest to total interest

20%

10%

0%

Time, years

——5% ——10% —&— 15% —0—20%

Figure 5.4 The contribution of the compound interest to the total interest increases with the in-
creasing term of the deposit and increasing interest rate

FV=PVe'" (5.7)

where r is the interest rate for continuous compounding and ¢ is the time.

The discussion until now has focused on investment. However, the same concept
is applicable to the growth of a population or an economy. The concept of com-
pounding is also applicable to inflation, which is the growth in price due to the ero-
sion of the buying power of money with time. These two topics are discussed next.
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Figure 5.5 Effect of interest rate on the future value of a fixed-interest deposit

Table 5.2 The effect of the compounding period on the effective rate for a fixed interest deposit at
a nominal rate of 10% pa

Compounding period Compounding Effective annual
Times per year, Rate, e
m
Year 1 10.0000%
Semi-annual 2 10.2500%
Quarter 4 10.3813%
Month 12 10.4713%
Week 52 10.5065%
Day 365 10.5156%
Hour 8,760 10.5170%
Minute 525,600 10.5171%
Continuously 10.5171%

(iv) Compounding and growth

Compounding is a general concept, related to many fields. Consider the following
two examples for the growth of a population and for the growth in the economy.

Example 5.2: Population growth.

A population of a village of 1000 people is projected to grow at a rate of 7% per annum
over the next five years. How many people will live in the village in five years from now?

Solution:

Assuming that the growth rate implies annual compounding, the population in five years is
calculated as follows:

Population = 1000(1+0.07)° = 1403

The population of the village is expected to be 1403 in five years.
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The compounded growth of a population is exponential in form and is called
Malthus’ law after its discoverer. As a result of the exponential growth in popu-
lations, Malthus predicted that the population would increase faster than the food
supply.

The growth of the economy is a result of the increase in population and the in-
crease in the standard of living, amongst other things. One measure of the size of an
economy is the gross domestic product (GDP). The growth in GDP is illustrated in
the following example.

Example 5.3: Gross domestic product.

The growth rate of the gross domestic product of the world is 3%. How much bigger will
the world’s GDP be after 4 years?

Solution:
Assuming that the growth rate implies annual compounding, the future GDP is calculated
as follows:
Future GDP = Current GDP(1 + 0.03)4
The increase in GDP is calculated as follows:

YoIncrease = (Future GDP — Current GDP)/(Current GDP) = (1 —1—0.03)4/1 =12.6%
The world’s GDP is expected to 12.6% larger in four years.

Sometimes when a growth rate is quoted it might be called CAGR, which stands
for compounded annual growth rate. This term is used to emphasise that the growth
rate has been calculated with compounding. For example, the growth rate of 3%
used in Example 5.3 is the same as the CAGR. The average year on year growth
rate for the four years is 12.6%/4years = 3.15%.

(v)  Compounding and inflation

Inflation is the increase in the level of prices. The purchasing power of money is
diminished with time by inflation, which means that the purchase of the same item
will require more money in the future. Inflation refers to the escalation of the general
level of prices. However, not all prices rise in concert — some increase, while others
may be constant or decline, even though the majority of prices are increasing.

The most common measure of inflation is the consumer price index (CPI), which
aggregates the price of a basket of goods and services that represent the purchases
of an average consumer. The CPI is a simple ratio of the current price of the basket
of goods to the price for the same goods in a reference year. For example, in the US,
the reference “year” that was chosen was the period 1982—-1984, and the index in
that period was set to 100. So, the CPI in the US is defined as follows:

price of basket in current year

CPI = —, - (5.8)
price of basket in 1982 — 1984

The rate of inflation, which expresses how rapidly inflation is changing, is the
growth in the index with respect to its value in the previous year. This can be ex-
pressed as follows:
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R I ) CPI; — CPI; 4 59

ate of Inflation, = CPL 5.9

where CPI; refers to the CPI in year t. The CPI is a general measure of price in-

crease for consumers. In Chapter 4, the adjustment of the price of capital equipment

for time was discussed. It was mentioned there that there are a number of indices,

such as the Chemical Engineering Plant Cost Index, that track the cost of equipment

with time. These indices are conceptually the same as the consumer price index,
except that they measure the cost or price for a different “basket of goods.”

The rate of inflation is commonly quoted, not the CPI itself. The calculation of
the price from the inflation rate is illustrated in the following two examples.

Example 5.4: Inflation.

If the price of the basket of goods costs $100 in 2007, how much would the same goods
cost in nine years later if the average inflation rate were 4% pa over that period?

Solution:

The price is calculated as follows:

Price = 100(1 +0.04)° = $142.33

Example 5.5: Doubling time.
If the price doubles in ten years, what is the inflation rate?
Solution:

The inflation rate is calculated as follows:

2 = (1 + Inflation rate) 10
Inflation rate = 0.07177 = 7.18%

The “rule of 72” is an approximation that can be used to estimate the doubling
time from the inflation rate. The doubling time is approximated by the following
expression:

72
rate 100

For example, if the inflation rate were 7.2%, how long would it take the prices to
double? Using the “rule of 72,” the doubling time is equal to 72/7.2 = 10 years. For
example, if inflation is 15%, the doubling time is equal to 72/15 = 4.8 years. The
compound interest formula can be use to determine the exact doubling time, which
in the latter case is 4.96 years.

The use of the “rule of 72 can be applied to other situations in which the value
increases due to compound growth. Populations other than those of humans also
increase by compounding, leading to exponential growth. The following example
illustrates the growth of a population of infectious bacteria.

Doubling time = (5.10)

Example 5.6: Bacterial infection.

A person is infected with a single bacterial cell that causes disease. This bacterium has
a doubling time of 10 minutes. How long will it take the population to reach 1 billion
bacteria in the patient?
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Solution:

The growth rate of the bacterial population is calculated from Equation 5.10 as follows:

72 0.72 .
= —— =0.072 per minute

Rate= ———F———— =
Doubling time(100) 10

The growth of the bacteria occurs continuously, and it can be modelled by continuous com-
pounding. The expression for continuous compounding is given by Equation 5.7. As a re-
sult, the bacterial population is modelled as follows:

N = Nye'’
This means that the number of bacteria, N, grows exponentially at a rate, r, from the initial
number, Ny. The time to reach 1 billion bacteria is calculated as follows:
1 N 1

t=—-In{ — | = In(1€9) =299 min = 4.98 hr
r No 0.072

Just five hours after receiving only a single bacterium, the patient has a significant infection.
(vi)  The nominal interest rate and the real interest rate

The interest that is quoted, that is, the nominal rate, includes the effect of infla-
tion. So the interest charged compensates the lender for the loss of use of the money
for the loan period, for the diminished purchase power of the principal amount of
the loan when it is returned to the lender and for the risk of loaning the money to
another party.

The real interest rate is the interest rate that does not include the effect of in-
flation. The relationship between the real rate of interest and the nominal rate can
be determined from the future value formula. Consider an investor who places an
amount in a bank for year at an annual interest rate of i. The future value of the
money deposited includes both principal and interest, and is given by the following
expression:

FV=PV(1+i) (5.11)

The future value of the deposit can be seen as being determined by two factors:
(i) earning at the “real” interest rate; and (ii) being escalated by general inflation. If
the real interest rate is r, and the rate of inflation is h, then the future value of the
investment is given by the following expression:

Nominal rate Real rate Inflation rate

Figure 5.6 The nominal interest includes a contribution from the real interest rate and the inflation
rate
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FV=PV(1+r)(1+h) (5.12)

These two expressions are equivalent to each other. By rearranging, we obtain
the nominal interest rate, which is given by the following expression:

i=r+h+rh (5.13)

The term rh, called the Fisher effect after the economist Irving Fisher, is a mul-
tiple of two smaller numbers, and is therefore often neglected. This means that the
nominal interest rate is a sum of the real interest rate and the inflation rate, or put
differently, the real interest rate is the nominal interest rate less the inflation rate
(Figure 5.6).

The application of the real interest rate is illustrated in the following two ex-
amples.

Example 5.7: Real rates.

The interest rate in Brazil is 19% and the inflation rate is 14%. What is the real interest rate?

Solution:
i=r+h+rh
0.19 =r+0.144r(0.14)
r=43%

The real interest rate is 4.3%.

Example 5.8: House prices.

House prices have grown at a real rate of 2.8% for the last thirty years. The inflation rate has
averaged 6%. What is a house that was purchase thirty years ago worth today? The average
prime interest rate for deposits over the period was 7%. What would the same amount have
earned in the bank account?

Solution:

The nominal interest rate is calculated as follows:

i=r+h+rh=0.028+0.0640.028(0.06) = 8.968%

The price increase is the nominal rate compounded annually. The increase in price is calcu-
lated as follows:

Price = (1+0.08968)>" =13.15 .
The price of the house would be worth 13.15 times the original purchase price. The value
of a deposit in the bank account earning 7% would be worth (1+0.07)30 = 7.61 times the

original amount. An investment in a house would have been a significantly better investment
than in a bank account.

In the next section, the compounding of multiple cash flows is considered.
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5.7.2 Multiple Equal Payments: Annuities

The discussion up to this point has focused on determining the future value of a sin-
gle investment. A common investment opportunity is an annuity, in which equal
instalments are made for a number of periods (or years). Two types of annuity are
discussed: an ordinary annuity and an annuity due.

(i)  Ordinary annuity

An ordinary annuity is one in which the first payment is at the end of the first
year and payments are made in equal instalments thereafter. The payment schedule
is illustrated in Figure 5.7.

It is general practice to assume that the payments are made at the end of the
period. This is known as the end-of-year convention.

The future value of the annuity is the sum of the future values of each of the
instalments. For example, say the investor makes instalments of $100 in a three-
year annuity investment. What is the investment worth at the end of the three years
if the annuity earns 8% pa compounded annually?

The cash flow diagram for this investment is shown in Figure 5.8. The end-of-
year convention is used, that is, the instalments are treated as if they were received
at the end of the year. The future value at the end of year 3 of the instalment made in
the third year earns no interest, so its value is $100. The future value of the second
instalment must be compounded for one period, that is, the future value is calculated
as follows:

FV=100(1+0.08) =108
The future value of the first instalment is calculated as follows:

FV=100(1+0.08)>= 117

Payments

0 1 2 3 4 5 Time

Figure 5.7 Payment schedule for an ordinary annuity

0 1 2 3

} t t +—>
$0 $ 100 $ 100 $ 100

Calculation of future value of annuity at year 3
$ 100 > $117
$100 =——> $108
$ 100
$325

Figure 5.8 Cash flow profile for a three-year ordinary annuity with $100 instalments
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Therefore the future value of the investment is the sum of individual terms, that
is, equal to $100 + $108 + $117 = $325.

Generalizing this into a formula, the future value of an annuity, F'VA, is expressed
in the following form:

FVA:A[(1+i)"*1+(1+i)”*2+...+1] (5.14)
where A is the instalment, i is the interest rate earned per period, and n is the to-

tal number of periods. This formula can be expressed in a more compact form as
a summation, as shown in the following expressions:

FVA=AY (14" (5.15)
t=1
n—1

FVA=AY (1+i) (5.16)
t=0

An examination of the FVA formula reveals that it is a geometric progression, and
the formula for the summation of a geometric progression can be used to derive an
analytic expression for calculating the value of the annuity. The sum of a geometric
series is given by the following series summation:

1—xP
B+Bx+Bx2+Bx3+...+Bxp1=B(1 a ) (5.17)
—X
If the substitutions x = 14i, p =n — 1 and B = A are made into Equation 5.17,
it can be shown that the future value of the annuity can be calculated by using the
following equation:

(5.18)

FVA=A (M)

1

The term in parentheses on the right-hand side of this equation is called the future
value interest factor of an annuity (FVIFA). It determines the value at the end of the
period of an annuity that earns an interest i.

The future value of an annuity can be calculated by calculating the sum of the
values of the individual terms, or by using the FVIFA formula. Manual calculation
using a spreadsheet is as easy as using the FVIFA formula, and is probably more
preferred when others who are not as familiar with the annuity formulae need to
check or audit the work.

The application of the annuity equation is illustrated in the following example.

Example 5.9: Future value of an ordinary annuity.

A three-year annuity earns 8%. What is it worth at the end of the period if the annuity
amount is $100?

Solution:

The cash flow profile for the annuity is the same as that shown in Figure 5.8. The substitution
of the values into the annuity formula gives the following result:
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1+i)"—1 140.08)° —1
FVA=A L —q00( LFO =1 506
i 0.08

The value at the end of the period is $324.6, which is the same as the value shown in
Figure 5.8 that was calculated term by term.

(i)  Annuity due

The previous discussion concerned an ordinary annuity. An annuity due is speci-
fically structured so that the first instalment is due at the beginning of the period,
rather than at the end of the period. The cash flow profile for this investment is
shown in Figure 5.9.

We wish to calculate the value at the end of the third year of a three-year annuity
of this type that earns 8% pa compounded annually. The procedure is the same as
before: the value is the sum of the future values of each of the cash flows, which are
calculated using the future value formula. These calculations are given by:

First Year:
FV =100(1 +0.08)> = 125.97

Second Year:
FV =100(1 +0.08)> = 116.64

Third Year:
FV =100(1+0.08) =108
The total value of the annuity due is therefore the sum of these values, which is

equal to $350.61.
This calculation can be generalised into a series formula, given as follows:

n—1 n

FVA due =AZ(1+1‘)’H =AZ(1—H)’ (5.19)
=0 t=1

A comparison of this formula and that for the geometric series yields that the
future value for an annuity due is given by the following expression:

T+ — (1 +i
FVAdue=A<( ) : d+0) (5.20)
l
0 1 2 3
$ 100 $ 100 $ 100
Calculation of future value of annuity at year 3
$ 100 »  $126
$ 100 > $ 117
$100 =—p $108
$ 351

Figure 5.9 Cash flow profile for a three-year annuity due with $100 instalments
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The future value of an annuity due is more valuable than an ordinary annuity
because of the timing of the cash flows. This emphasises again that the value for an
investor depends not only on the amount of the cash flows, but also on the timing of
the cash flows.

5.7.3 Multiple Periods: Growth Annuities

Growth annuities are annuities in which the amounts placed in the annuity increase
each year. These amounts can increase by a constant amount or by a fixed percent-
age. The annuity that increases by a constant amount is called an arithmetic growth
annuity and the annuity that increases by a fixed percentage is called a geomet-
ric growth annuity. The formulae that are derived can be used in determining the
present value of an engineering project so it is worthwile examining their derivation
in detail. These two annuities are discussed next.

(i)  Arithmetic growth annuity

The ordinary annuity and the annuity due both had constant amounts deposited
in the account. The arithmetic growth annuity increases the deposit by a constant
amount each year. The cash flow profile of the arithmetic growth annuity is shown
in Figure 5.10.

The cash flow for each year is increased by a constant amount. This means that
the cash flow in year 7 is given by the following expression:

CF,=A+(1—1)G (5.21)

where CF; represents the cash flow in year 7, A represents a base amount that is con-
stant and equivalent to the amount deposited in year 1 and G represents the amount
by which the deposit is increased each year. The year + must be greater than one.

The cash flows for the arithmetic growth annuity are separated into those that
form an ordinary annuity and those that result in growth. This separation of the cash
flows is the basis for the derivation of the formula for the annuity. The formula for
the ordinary annuity has already been discussed, so the growth portion needs to be
derived.

0 1 2 3
} t t +—>

$0 $ 100 $ 105 $ 110

Calculation of future value of annuity at year 3

$ 100 > $117

$105 ———— > $113

$ 110

$ 340

Figure 5.10 Cash flow profile for a three-year arithmetic growth annuity
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Notice the first contribution of the growth amount is in year 2, and the last in the
final year. The future value of the cash flow from the growth portion is given by the
following expression:

FV(Growth) = G (1+)" 242G (14" +..Gn—-2)(1+i) +G(n—1)
(5.22)
where 7 is the length of the annuity.

The first term in Equation 5.22 represents the contribution from the growth term
to the cash flow in year 2. The final term represents the contribution from the growth
term to the cash flow in the final year. The constant value G is a common factor, so
that Equation 5.22 is written as follows:

FV(Growth) = G [(1 +)" 2204+ P+ 4+ =3 A+ + 0 —2)(A+i0)
+(n—-1] (5.23)

The multiplication of Equation 5.23 by (i+1) yields the following expression:

FV(Growth)(1+i) =G [(1 +)" 204" P+ 4+ =30 +i) (5.24)
+(=2)(1+i)°+ (= 1)(1+1)]

The subtraction of Equation 5.23 from 5.24 yields the following expression:

FV(14+i)—FV=G [(1 +)" T A+ A+ A+ (5.25)
+(1+i)+1]-nG

The term within the brackets is a geometric series. If the substitutions x =1-+i,
p =n—1and B =1 are made in Equation 5.17, the term in brackets is simplified. It
is given by the following expression:
S\
[(1+i)"—1+(1+i)"—2+...+(1+i)3+(1+i)2+(1+i)+1] Z(le#
(5.26)
This means that the future value of the growth term is given by the following
equation:

(5.27)

FV(Growth) = E (w — n>
[

i

The future value of the constant amount that forms the basic amount is given by
the future value of an annuity. The formula for the ordinary annuity was given as
Equation 5.18. The combination of Equations 5.18 and 5.27 provide the formula for
the future value of an arithmetic growth annuity, which is shown as follows:

G\ /(A+i)'—1 Gn
FVAGA) = |(A+— || ——/—— | —— (5.28)
i i i
The application of Equation 5.28 is illustrated in the following example.

Example 5.10: Future value of an arithmetic growth annuity.

A three-year arithmetic annuity earns 8%. What is it worth at the end of the period if the
annuity amount is $100, and it is increased by $5 each year?
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Solution:

The cash flow profile for the annuity is the same as that shown in Figure 5.8. The substitution
of the values into the annuity formula gives the following result:

B G\ ((+i)"—1\ Gn 5\ ((1+0.08)° =1\ 503)
=340

The value at the end of the period is $340.04. This is the same as the value shown in Figure
5.10, which was calculated term by term.

(il)  Geometric growth annuity

The geometric growth annuity is similar to the arithmetic growth annuity, except
that the growth portion increases at a constant rate rather than by a constant amount.
The cash flow profile for the geometric growth annuity is shown in Figure 5.11.

The cash flow for each year is increased at a constant rate. This means that the
cash flow in year ¢ is given by the following expression:

CF,=A(1+g)"! (5.29)

where CF; represents the cash flow in year ¢, A represents an initial amount and g
represents the rate at which the deposit is increased each year. Equation 5.3 gives
the future value of the cash flow. The combination of Equations 5.3 and 5.29 yields
the following expression for the future value of the cash flow for year #:

FV(CF)=A(l+g) "1 +i)"!

The future value of the geometric growth annuity is calculated from the following
formula:

1—(14+g)"d+i)™
i—g
FV(GGA) = An(14+)""" i=g

FV(GGA) = A ( ) (1+i)" i#g (5.30)

The application of the formula for the future value of a geometric growth annuity
is illustrated in the following example.

0 1 2 3
1 1 1 1 »
T T T T Ll

$0 $ 100 $120 $ 144

Calculation of future value of annuity at year 3

$ 100 > $117

$120 — > $130

$ 144

$ 390

Figure 5.11 Cash flow profile for a three-year geometric growth annuity
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Example 5.11: Future value of a geometric growth annuity.

A product that a life insurance company is selling is a retirement annuity. The purchaser is
to deposit an amount each year. The amount each year escalates at a constant rate, which
the purchaser can choose. If the annuity earns 8%, what is it worth at the end of a period of
ten years if the annuity amount is $100 and it is increased at a rate of 15% each year? How
much difference would there be in the fund if the purchaser escalated payments by 7%?

Solution:

The future value of the annuity is calculated as follows:

1—(1+0.15)'°(140.08)~10 0
FV(GGA) = A 140.08)'° =2,695.19
(GG4) ( 0.08—0.15 (1+0.08)
1—(1+0.07)'°(140.08)~1°
FV(GGA) = A (1+0.071) 7(1+0.08) (140.08)!10 =1,917.74
0.08 —0.07

If the purchaser chooses to escalate the payments by 7%, the annuity would be worth $1,917
compared with $2,695 if it was escalated at 15%. The value for an escalation of 15% is 40%
higher than that for 7%.

5.7.4 Multiple Payments of Unequal Amounts

The cash flows from an investment or an engineering project are not uniform for
most investments or projects. The revenues and costs will change during the life
cycle of the project. In this case there is no formula that is equivalent to the series
summations that were derived in the previous sections. The calculations must be
performed term-by-term for each cash flow. However, the principle of the calcula-
tion method is the same as before, that is, the future value of the investment is the
sum of the future values of each cash flow. This can be expressed in the following
form:

n
FVv=Y CF(+i) (5.31)
t=0
where FV is the future value, CF; is the cash flows at year ¢, i is the interest rate
earned, ¢ is the year, and 7 is the total number of years.

5.8 Discounting

Discounting is the opposite of compounding. Discounting is the determination of the
present value of a cash flow that is expected in the future. For example, if an investor
wished to have $110 in her bank account at the end of one year, how much should
she invest now if the interest rate she can get is 10% per annum? The discounting of
cash flows is discussed for single and multiple cash flows.
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5.8.1 Single Amounts of Future Cash Flow

The present value of an amount that is expected in the future is determined by
the compound interest formula given by Equation 5.3. The equation is simply re-
arranged to express the present value in terms of the future value. This is given by
the following expression:
PV=F V;, (5.32)
d+"

To answer the question posed earlier, the investor who wishes to have $110 at
the end of the year needs to deposit $100 (= 110/(1+0.10)) in an interest-bearing
account at a fixed rate of 10% pa.

The effects of the interest rate and the period of compounding are the same as
those discussed in Section 5.7 for compounding, except that they are inverted. This
is illustrated by examining the effect of the interest rate on the present value.

The interest rate that an investor can receive is a prime determinant of value in
the compound interest formula, and the present value is sensitive to this parameter.
For example, at an interest rate of 3%, an investor needs to deposit 74c to receive
a dollar in ten years from now; however, if the interest rate was 25%, the investor
need only deposit 11c to receive the same dollar in ten years from now.

The effect of the interest rate on the present value of a fixed interest investment
is shown in Figure 5.12.

The calculation of the present value is illustrated in the following example.

Example 5.12: Present value.

A retirement investment is guaranteed to pay out $100,000 in ten years. If the average
interest rate is expected to be 10%, what is the value of the investment now?

1.2

£
]
g 0%
F;
2 038
§ [ 3% =

=]
5206 6% —|
»2
&
o* 9%
g 04 i
g 02 15%~
s _
® 25%
a 0

0 1 2 3 4 5 6 7 8 9 10
Years from the present

Figure 5.12 The effect of different interest rates on the present value of a dollar as a function of
different times into the future when the dollar will be paid
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Solution:

The present value of the investment is calculated as follows:

PV=FV = 100,000

— - $38,554.32
I+ (140.10)10 $

The present value of the retirement investment is $38,554.32.

5.8.2 Multiple Equal Amounts

In Section 5.7, two types of annuities were discussed, the ordinary annuity and the
annuity due, and formulae for the future value of these annuities were derived. The
present value of these annuities can be obtained by summing the present values of
each of the present values of the expected cash flows. The calculation of the present
value of the annuity is illustrated in the following example.

Example 5.13: Present value of an annuity.

An investor expects to receive instalments of $100 from a three-year ordinary annuity in-
vestment. What is the investment worth today if the annuity earns 8% pa compounded
annually?

Solution:

The cash flow for this annuity is shown in Figure 5.13. The end-of-year convention is used,
which means that the investor expects to receive these payments at the end of the year.

The present value of the first payment is discounted by a year. If the investor can receive
8% pa on other investments, the present value of the first payment is calculated as follows:

1
yo 10 g
(140.08)

The present value of the second payment is calculated as follows:

100
V=—-rr——5 =286
(140.08)2

Similarly the present value of the third payment is calculated from the present value formula
as follows:

100
Ve — =
(140.08)3

0 1 2 3
Cash Flows $ 100 $ 100 $ 100
Present values |

$93

$86 <

$79 <

$ 258

Figure 5.13 Present value of a three-year ordinary annuity
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Therefore the total present value to the investor of this annuity is the sum of the present
values of these three individual cash flows, that is, equal to 93 + 86 + 79 = $258.

A general formula for the present value of an ordinary annuity, PVA, is given by:
S

PVA=A)Y —— 5.33

IZ:; (140 (533)

where A is the value of the cash flow payment. The geometric series formula can be
used to simplify the summation term in Equation 5.33. If this is done, the present
value of an ordinary annuity is given by:

1— 1/(1+i)”>

1

PVA=A ( (5.34)

The term in parentheses on the right-hand side of this equation is called the
present value interest factor of an annuity (PVIFA).

Another type of annuity is a deferred annuity. In a deferred annuity, the equal
instalments or payments are deferred for some time before they commence. For
example, an investor has invested in a three-year deferred annuity in which three
equal instalments of $100 will be received starting two years from today. The cash
flow profile for this investment is shown in Figure 5.14.

The procedure for manually determining the present value of the deferred an-
nuity is the same as that presented before, and is illustrated in Figure 5.14 using
a discount rate of 8% pa. Alternatively, the present value interest factors for an an-
nuity can be used to calculate the present value of this annuity. The deferred annuity
is an ordinary annuity for the full period less an annuity for the deferred period. As
a result, the present value is calculated as follows:

Present value for deferred annuity = PVIFA(4year, i) — PVIFA(lyear,i)
Present value for deferred annuity = 100(3.312 —0.926) = 239

The interest-bearing investments that have been discussed up to this point have
been of a finite life. On the other hand, a perpetuity is an annuity that pays for
an infinite period. For example, a preference share of a company that pays a fixed

0 1 2 3 4
I ' + + + >
Cash Flows $100 $100 $ 100

$86 <

$79 <

$74 <
$ 239

Present values |

Figure 5.14 Cash flows profile for a three-year annuity deferred for two years
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0 1 2 3 n
| + + + +—p
Cash Flows A A A A

Figure 5.15 Cash flow profile for a perpetuity

dividend may be regarded as a perpetuity. The cash flow profile for a perpetuity is
shown in Figure 5.15.
The present value of a perpetuity is given by the following equation:

A
pvP=" (5.35)

1

where A is the cash flow or instalment amount and i is the interest rate that is
used to value the perpetuity.
The application of the perpetuity formula is illustrated in the following example.

Example 5.14: Present value of a perpetuity.

An investor wishes to purchase 100 preference shares with a face value of $10 each that pay
7% pa. What is the present value of this investment?

Solution:

The amount that these shares pay is the face value times the interest rate, that is, equal to
$70 = 100 shares x $10 per share x 7% each year forever, or as long as the company exists.
If the investor can deposit money in the bank for 8%, the investor should use that rate to
value the preference shares. The present value of the preference shares to the investor is
calculated as follows:

Present Value = — - = $875
resen, alue = =
"= 0.08

The present value of the preference shares is $875.

5.8.3 Uneven Cash Flows

Many investments do not produce a steady stream of cash. For example, the invest-
ment in a company or a new venture will produce an uneven flow. In fact, in the
early years the expenditure may outweigh the revenue, in which case the cash flows
are negative. The present value of this stream of cash flow is the sum of the present
values of each of the individual cash flows. This may be expressed as the following

summation
n

B CF,
PV = Z—(l i (5.36)

=0
No general formulae exists that can be applied to directly calculate the present
values. Each cash flow must be individually discounted to the present and the
summed. This is very easily done using a spreadsheet.
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5.9 Compound Interest Formula

In the preceding sections, main compound interest formulae were discussed. These
arise from the consideration of single payments and a uniform series of payments.
In addition, there are formulae for arithmetic and geometric series of payments. This
section summarises the formulae and provides a standard notation for them.

5.9.1 Single Payment Interest Formula

The two interest rate formulae that are relevant to a situation where only a single
payment is considered have been encountered earlier. Equation 5.3 gives the future
value of a single payment and Equation 5.32 gives the present value of a single
payment. These two equations relate the future value and present value as a function
of interest rate and time periods:

FV =PV +i)" (5.37)
PV = FV;, (5.38)
(I+"

The term in brackets of the right-hand side of Equation 5.37, (1+i)", is known as
the compound factor, or the “single payment compound factor.” The term 1/(1 +i)"
on the right-hand side of Equation 5.38 is known as the discount factor, or the single
payment present value factor.

5.9.2 Multiple Equal Payments

The schedule of cash flows for multiple payments of equal amounts is shown in Fig-
ure 5.16. The next four formulae are derived from the annuity formula, encountered
earlier.

Equation 5.39 expresses the future value of an annuity and Equation 5.40 ex-
presses the present values of an annuity:

0 1 2 3 n-1 n

L 1 1 1

I + + + —_+——
Cash Flows A A A A A

Figure 5.16 Time line with equal cash flows at each year
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(1+é)”—1> (5.39)

1

FV:A(

(5.40)

pV:A<L:Qi2:3

l

The term on the right-hand side on Equation 5.39 is known as the future value
interest factor of an annuity (FVIFA) or the uniform series compound factor. The
term on the right-hand side on Equation 5.40 is known as the present value interest
factor of an annuity (PVIFA), or the uniform series present value factor.

Two further formulae can be derived from these two by rearranging to make A
the subject of each of the formula. The rearrangement of Equation 5.39 yields the
following equation:

14+i)'—1 j
a=ryy (4D —FV— " (5.41)
i (1+i)r—1
The rearrangement of Equation 5.40 yields the following expression:
11—+ i(1+0)"
A=PV/ & - PV& (5.42)
i (I1+i)"—1
The factor i on the right-hand side of Equation 5.41 is known as the sink-

(I4+i)"—1
ing fund deposit factor, while the factor (;Qf);)fl on the right-hand side of Equa-
tion 5.42 is known as the capital-recovery factor. Of course, they are merely the
inverse of the FVIFA and PVIFA, respectively.

5.9.3 A Notation for Interest Rate Factors

The system of notation that is introduced now is slightly more complicated that
what has been used up previously, but has the advantage of succinctly clarifying
the relationships between the interest rate formulae. There are five variables in the
compound interest rate equations: PV, FV, A, i, and n. The notation names the fac-
tor that relates the unknown variable to the known variables. For example, consider
Equation 5.42. The unknown is A, which must be calculated from PV, i, and n. The
notation for the capital recovery factor is (A|PV,i,n), which is read as the factor
which calculates A given PV, i, and n. Similarly, the sinking funds factor in Equa-
tion 5.41 is given by (A|FV, i, n). Using this notation for the factors, Equations 5.41
and 5.42 can be re-written as the following:

A =FV(A|FV,i,n) (5.43)

and
A =PV(A|PV,i,n) (5.44)

Similarly, the single payment factors are given by:
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(FVIPV,i,n) = (1+i)" (5.45)
(PVIFV,i,n) =1/(1+i)" (5.46)

The interest rate factors are summarised in Table 5.3.

Like most topics in engineering studies, it is important to understand the logic
behind the derivation of the formula. There are two considerations that should be
borne in mind: (i) the calculations represented in the formulae can be easily set up
on a spreadsheet, and set up in a more general manner than the summation formulae
allow; and (ii) there is no consistent or standard notation, so that communication
with other professionals may not be clear. For example, those with an insurance
or investment background may refer to a formula as an annuity factor, those with
a bond finance background may refer to them as discount factors (for zero coupon
and coupon bonds), while an engineer may refer to it as a uniform series interest
rate factor. In practice, the most transparent method is to construct a spreadsheet
that can be easily audited by colleagues who have probably long since forgotten the
formula.

The application of the interest rate formula is illustrated in the following four
examples.

Example 5.15: Saving for an anticipated expense.

The Chief Executive Officer (CEO) of a company anticipates that a major item of equipment
will require replacement in three years time. The CEO also expects the company to make
sufficient profit to deposit $1,100,000 each year for the next three years in order to pay for
this item. The company is offered an interest rate of 6% pa for this deposit. If the equipment
currently costs $2,900,000, and an analysis of the equipment price index suggests that the
price will increase by 7% pa, will the company have enough on deposit to purchase the
item? If not, how much should the CEO deposit in order to afford the replacement?
Solution:

The deposit profile is that of an annuity, so the uniform series formula is applicable. The
future value of the deposit is calculated using formula 3 in Table 5.3:

FV = 1,100,000(FV|1,100,000; 0.06; 3) = 1,100,000[(1 4-0.06)*> — 1]/0.06 = $3,501,960

The future value of the equipment is a single payment and is calculated using formula 1 in
Table 5.3. The replacement price of the equipment can be calculated as follows:

FV =2,900,000(140.07)> = $3,552,624

Table 5.3 Compound interest formulae

Formula Find Given Factor notation Factor formula Payment profile

1 FvV PV (FV|PVin) 1+" Single

2 PV FV  (PV|FVin) 1/(14i)" Single

3 FV A (FV|A,i,n) [(L+D)"—1]/i Uniform series, i.e., annuity
4 PV A (PV|A,i,n) [(14+i)"—=1]/[i(14+i)"] Uniform series, i.e., annuity
5 A FV  (A|FVin) i/[(A+)"—1] Uniform series, i.e., annuity
6 A PV (AlPV.i,n) i(1+0)"/[(14+i)" —1] Uniform series, i.e., annuity
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The savings are insufficient. The deposit amount required each year could be calculated
using formula 5 in Table 5.3. This calculation is given as follows:

0.06

A= F(A|FV,i,n) =3,555,624 —————
[(1+0.06)3 — 1]

=$1,115,914

The company should deposit $1,115,914 each year to meet this requirement.

Example 5.16: Annuity formula.

If an investor deposits $250 pa for 5 years at 12% pa, what is the present value and future
value of the investment?

Solution:

Because these are equal instalments, this is an annuity. The present and future values are
calculated using formulae 3 and 4 from Table 5.3:

FV=A(FV|A,i,n) =250[(140.12)° —1]/0.12 = $1,588
PV=A(PV|A,i,n) =250[(140.12)> — 1]/[0.12(1 +0.12)] = 250(3.60477) = $901

Of course, the present value could have been calculated directly from the FV using the
five-year discount factor (formula 2 in Table 5.3).

Example 5.17: Sales contract.

A salesman has secured a three-year $10 million contract for the supply of broadband con-
nectivity. The details provide for an immediate purchase of $1 million payable in advance,
$2 million at the beginning of the second year, $3 million at the beginning of the third
year, and $4 million at the beginning of the last year. Assuming a 10% interest rate, is this
package worth more than $10 million? What is it worth today?

Solution:

This is not an annuity, since the cash flows are not equal and they start from the present.
However, the cash flow profile increases linearly. Formulae equivalent to those in Table 5.3
for a series with linear or arithmetic growth can be derived, or the contributions from
the individual cash flows can be determined. It is the latter approach that will be adopted
here.

FVo=1(1+0.1)> = 1.331 million
FVi=2(1+0.1)> = 2.420 million
FVo=3(1+0.1)! = 3.300 million
FV3=4(140.1)° = 4.000 million

Total = $11.051 million

PV =(11.051) (1/(1 +0.12)3) = $7.865 million

The present value of the salesman’s contract is $7.86 million.

Example 5.18: Bond.

A bond is a loan that works like this: an investor buys the bond that has a face amount
F for an amount P. The bond pays coupons at a fixed percentage of F at regular inter-
vals for a fixed number of years and together with the last coupon pays the initial sum
back.
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Determine the future value of the bond if the face value is $100, the coupon rate is 6%, and
the term is 10 years. Suppose the investor can invest the coupon payments in a bank account
at 5%.

Solution:

The coupons are fixed cash flows occurring at the end of the year, so an annuity formula
can be used to calculate their future value. The coupon amount is the face value multiplied

by the coupon rate, that is, 100(0.06). The future value of the coupons is therefore given
by:

FV=A (FV|A,i,n) = 6[(1+0.05)'° —1]/0.05 = $75.47

The future value of the repayment of the principal is simply $100. This means that the total
future value of the bond is $175.47.

Notice the structure of this problem: the investor receives payments (the coupon payments),
which, unlike a bank account, cannot be reinvested in the same security. The investor re-
ceives the coupon, and must invest it in other investments, receiving, possibly, a different
return than that which the bond provided (6%). If the bond worked like a bank account,
where the interest could be reinvested at the same rate as the principal, the future value of
the bond would be $179.08. This example emphasises that, since the process of compound-
ing means earning interest on interest, if the interest portion earns at a different rate of return
than the principal, the value of the principal and the interest should be calculated separately
at their separate rates.

5.10 Case Study: Zero Coupon and Coupon Bonds

An electrical utility offered securities to the public on July 1, 2002. Under the terms
of the deal, the electrical utility promised to pay the owner of the security $1,000,000
on July 1, 2012. The utility was asking investors to pay $233,757 for each of these
securities. Such a security, in which the investor pays now to receive a sum in the
future, is one of the simplest possible investments.

(i)  What is the nature of the relationship between the utility and the investor?
Why would the investor consider buying this security?

(i1)) At what rate was the utility selling the security?

(iii))  The security is actively traded on the Bond Exchange. Was the price in 2007
higher or lower than the original $233,757?

(iv)  What price would you expect the security to be trading at in 2007?

(v)  If the price of the security on the bond exchange on July 1, 2005 was
$337,282.00, and an investor purchased it and held it until maturity, what rate
of return would she earn? Why is this rate different from the rate calculated
in part (i)?

(vi) If the security paid an annual amount, called a coupon, to investors that was
worth 5% of the face value of the security, at what price would the issuer offer
the security if the issuer wanted the interest rate (or yield) to remain constant?
What is the advantage to the seller of the coupon bond of paying coupons?
And to the buyer?
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Solution:
(i) The investor is loaning money to the utility for ten years. The investor would be
willing to do this if she reached a favourable assessment of the security based on the
risks and returns that she would receive from other investments in which she was
able to invest.
(i1) The cash flow profile for this bond is given in Figure 5.17.

The future value and the present value are both known with certainty. The com-
pound interest formula is given as follows:

FV=PV(l+i)"

All the values are known, except for the interest rate. The substitution of the
values into the formula yields the following expression for the interest rate:

1,000,000 = 233,757(1 +i)"°
The value of i is obtained by taking the logarithm of both sides:

In(1,000,000) = In(233,757) + 101n(1 +i)
1+i = exp((In(1000000) — In(233757))/10) = exp(0.1453) = 1.1564
i =15.64%

The investment in this security yields a return of 15.64% (nominal annual com-
pounded annually). The interest rate for a bond is commonly known as the bond’s
yield. If the investor was considering buying this security or putting her money in
a fixed deposit account with a bank for ten years, the interest on the bank account
would have to earn more than 15.64% for her to prefer the bank account.

(ii1) Because no interest payments or coupons are paid during the term of the invest-
ment, the price of the security must reflect the interest that this security earns for
the investor. As time passes between the offer date and the maturity date, the bond

12,000

10,000 A —
8,000
6,000
4,000 A

2,000 4

Amount, thousands

-2,000

-4,000

W Principal @Coupon[] Repayment

Figure 5.17 Cash flow profile for the ten-year, zero-coupon bond with a face value of $1,000,000
and a purchase price of $233,757



5.10 Case Study: Zero Coupon and Coupon Bonds 157

collects interest, which it does not pay out. It is effectively like a bank account,
where interest is earned and paid into the account of the account-holder. Therefore,
its price should be higher, reflecting the earned but unpaid interest.

(iv) The bond is five years old in 2007. Therefore, the value can be calculated for
the issue price of $233,757.00, the age of 5 years, and the expected yield of 15.64%.

FV=PV(l +i)" =233,757(140.1564)° = $483,398

The bond is expected to have a value of $483,398 after five years.
(v) This is calculated in a manner similar to that in part (ii).

1,000,000 = 337,282(1 +i)"— i =16.79%

The interest rate, i, is referred to as the yield of the bond. The investor would
receive a yield of 16.79%. The yield is different from the issue rate calculated in
part (ii) because the economic conditions have changed since the bond was issued.
If the economic conditions were exactly the same, the purchase price would be
$361,612. However, interest rates have increased in the economy as a whole, and
the seller of the security must lower his price in order to attract a buyer. In fact, this
is the mechanism by which the market determines interest rate.

From an examination of the prices of bonds, one can determine the market ex-
pectations for future interest rates by performing similar calculations with different
maturities. It should be noted that in some markets bonds are sold on price, while in
others they are sold on yield.

(vi) The face value of the bond is $1,000,000. If the bond pays a 5% coupon, this
means every year the bond pays an amount equal to 0.05(1,000,000) = $50,000 to
the owner of the bond. The cash flow profile for this bond is shown in Figure 5.18.

The present value of the bond is given by Equation 5.36, which is given as fol-

lows:

12,000

10,000
8,000
6,000
4,000
2,000

Amount, thousands
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-4,000

-6,000

W Principal [ Coupon []Repayment

Figure 5.18 Cash-flow profile for a ten-year bond with a 5% coupon
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n

CF,
PV =

N;
pard (1+10)

The cash flows are all known except the first one. The interest rate is 15.64%
as in part (ii). The present value of the bond is zero. The present value of the cash
flows can be divided into their component parts: the purchase price at time zero,
the coupons and the face value at year 10. The coupons are all equal and they have
the distribution of a ten-year annuity. The present value of an annuity can be used to
determine their value. Therefore, the present values for each of the three components
are as follows:

1) PV(Purchase) = CFy
2) PV(Coupons) = Coupon[(1+i)" —11/[i (1 +1i)"]
(140.1564)10— 1

=50, 000 = $244,936.00
0.1564(1+0.1564)10

1,000,000
(140.1564)10

3) PV(Bullet) = = $233,840.19
The substitution of these values into Equation 5.36 yield the following expression
for the purchase price:

0= CFp+ 244,936 +233,840.19
CFy = —%478,776.20

This means that the utility should sell the coupon bond for $478,776.20. The
advantage to the seller is that they will raise more money immediately from the
sale. The advantage to the buyer is that they receive some of the money, in the form
of coupons, earlier than ten years.

5.11 Summary

The important concept of time value of money was introduced in this chapter.
Money today is worth more than money in the future. There are three reasons for
this: inflation, risk and liquidity. The charge that borrowers make for the use of the
money is the interest rate. The interest is charged as a proportion of the loan amount
for a particular period. Interest rates are usually, but not always, quoted as annual
rates. Interest over multiple periods can be charged at a flat rate or a compound rate.
The compound rate means that the borrower earns interest on the interest earned in
previous periods.

The concept of the time value of money leads to the notions of the present value
and future value. The future value is the amount that money would be worth in the
future if it earned interest at a fixed rate. The present value is the amount of money
that must earn interest at a fixed rate in order to have a particular value at a date in
the future. The present value and the future value formula allow the conversion of
the value of money at different times.
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Different forms of interest rate investments were discussed. These are the annu-
ity, the annuity due, the arithmetic growth annuity and the geometric growth annuity.
Interest rate formulae for each of these different investments were derived. A case
study involving a bond, which is a method borrowing large amounts from many
different investors, was discussed.

5.12 Looking Ahead

In this chapter, the concept of the time value of money was explored. This exam-
ination led to the notions of compounding, discounting, present value and future
value. In the next chapter, these concepts are used to derive criteria for assessing
the economic suitability of an engineering project. These criteria are central to the
business decisions that face engineers, scientists and managers in an organization.
The criteria are of two types: those that include the time value of money and those
that do not. Examples of the criteria that do not include the time value of money
are the payback period and the return on investment. There are six main criteria that
include the time value of money. The advantages and disadvantages of each of these
criteria are discussed.

5.13 Review Questions

Why does money loose value with time?

What are the determinants of the time value of money?

What is the charge for the use of money?

Why would anyone pay interest?

What is the difference between flat interest and compound interest?
Why is the term simple interest confusing?

What is the nominal interest rate?

How does the nominal interest rate differ from the period rate and the effective
rate?

Sl A O i e

9.  What is the difference between an annuity and a perpetuity?

10. How is inflation measured?

11.  How is the inflation rate related to the interest rate?

12. What does the term “present value” mean?

13.  Why does the timing of cash flows affect their value?

14.  What is an annuity due and is it different from a geometric growth annuity?

15.  Whatis CAGR? Is it the same as nominal or effective interest rate?

16.  What is the formula for the effective rate of an interest rate that is quoted as
nominal annual compounded quarterly?
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5.14 Exercises

10.

11.

12.

13.

14.

15.

16.

What is the present value of a payment of $1,000 in five years time if the
interest rate is 5%?

What is the value in 10 years of $1,000 if the amount is invested at an interest
rate of 10%?

If an amount of $250 were invested at a flat or simple interest rate of 10%,
what would it be worth after 3.5 years?

An investment earns interest at a rate of 6%. If the compounding period is
monthly, what is the effective interest rate?

If an amount is deposited in an interest-bearing account at a fixed rate of 8%,
how long will it take for the amount to double in value? How long will it take
to triple in value?

If an investor pays $250 into an ordinary annuity for four years, what is the
present value of the investment if the interest rate is 5%? What is the value of
the investment at the end of the annuity period?

If the present value of a five-year ordinary annuity is $1,000, and the annuity
payments are $300, what is the interest rate?

What will an investor get in five years if she deposits $5 each year at 8% pa
compounded annually?

A rich uncle has set up a trust fund that will pay you $100,000 in five years. If
the interest paid by the trust fund is 11%, how much has your uncle deposited
today?

You have been offered an investment that doubles your money in ten years.
What interest rate have you been offered?

You have been offered an investment that will pay you 9% per year. If you
invest $15,000, how long until you have $45,000?

If an investor deposits $250 pa for 5 years at 12% pa, what is the value of the
investment?

Which do you prefer: $4,500 cash now, or $1,200 each year for four years?
Assume a discount rate of 10% pa.

You plan to make a series of deposits into an interest-bearing account. You
plan to deposit $1,000 today, $2,000 in two years and $8,000 in five years.
If you withdraw $3,000 in three years, and $5,000 in seven years, how much
will you have after eight years if the interest rate is 9%? What is the value
today?

The going rate on a credit card is 9% APR. What is the effective annual rate
if the balance must be paid monthly?

Show that the compound interest formula for continuous compounding is
given by the following formula:

FV=PVe'T

where i is the interest rate, and 7 is the time.
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17.  Show that the present value of an ordinary annuity is given by:

1—(1+i)‘”)

PVA:A(
i

where i is the interest rate, and » is the number of years.

18.  Derive the formula for the present value of an annuity due.

19. A company has taken out a loan for an amount of $500,000. The loan is re-
payable in four years. If the amount that must be repaid is $750,000, what is
the interest rate?



Chapter 6
Evaluation Criteria for Investment Decisions

6.1 Creating Value for the Investor

Value is created for an investor if the investor earns more than the investment costs.
More specifically, value is created for an investor if the investor earns more than he
or she could on other investments that he or she could make. This is because there is
an opportunity cost to investing in the project. The opportunity cost is the “cost” that
is incurred if the investor places cash into a project, so that the cash is not available
for investment in other, possibly more lucrative, investments that have the same
amount of risk attached to them. Thus, in determining the criteria for the evaluation
of the investment, the analytical techniques chosen must select for investments that
not only create value, but also create it at a greater rate than the other investments
with similar risk.

A large number of criteria have been developed that aim to determine and quan-
tify if value is created for the investor. Of these criteria, the discussion in this chapter
will be restricted to the most common criteria, that is, the payback period, return on
investment, equivalent annual charge, net present value, profitability index, internal
rate of return, the benefit-cost ratio and the modified internal rate of return. The first
two methods do not account for the time value of money, which was discussed in
the previous chapter, whereas the last six do. Those criteria that include the time
value of money are called discounted cash flow techniques. Each of these criteria
has value in decision-making. They assist in summarising the value of the invest-
ment, and often companies do not chose to invest on the basis of one criterion, but
will evaluate the project using two or more criteria.

In this chapter, these criteria will be presented, the advantages and disadvantages
discussed, and their application under differing conditions will be reviewed. Thus,
the criteria for decision-making on the economic attractiveness of a project are es-
tablished in this chapter. The application of the criteria to a variety of applications
is discussed in the next chapter.

163
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6.2 Non-discounted Cash Flow Techniques

6.2.1 Payback Period

The payback period determines the point in the project at which the investor gets
her investment back. In other words, the payback period is the period at which the
cash flow generated by the investment is equal to the cash invested in the project.
All positive cash flows after that are excess earnings for the investor. The payback
period is the oldest of the decision-making criteria. It is the easiest to compute, and
has intuitive value: the longer the investor has to wait for the project to return the

initial investment, the less lucrative the project.

The calculation of the payback period is illustrated in the following example.

Example 6.1: Payback period.

Suppose an investment had the cash flow profile shown in Table 6.1. Determine the payback
period. (The negative sign on a cash flow means that it is an out-flow, whereas positive
values are in-flows. This means that the investor has invested $15,000 and receives the
amounts following this $15,000 in Table 6.1.)

Solution:

The payback period is determined by calculating the time it would take until the sum of the
returns from the investment is equal to the cost of the investment. This can be determined
from the cumulative cash flow. The payback period is reached when the cumulative cash
flow changes sign from negative to positive. The cumulative cash flow, also called net cash
flow, is shown in Table 6.2 below.

The cumulative cash flow changes sign from negative to positive during the third year. This
means that the payback period is between the end of the second year and the end of the third

Table 6.1 Cash flow profile for an investment

Year Cash flow
0 —15,000
1 7,000
2 6,000
3 3,000
4 2,000
5 1,000

Table 6.2 Cumulative cash flow for the investment

Year Cash flow Cumulative cash flow
0 —15,000 —15,000
1 7,000 —8,000
2 6,000 —2,000
3 3,000 1,000
4 2,000 3,000
5 1,000 4,000

6 Evaluation Criteria for Investment Decisions
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year. To calculate the date more accurately, linear interpolation between the points at 2 and
3 years can be used:

Since y = mx + ¢, the root is given by the following expression:

0 = (1000 — (—2000))/(3 — 2)(Payback —2) — 2000
Payback = 2.66years

This means that the investor will wait for 2.66 years before the investment returns all of the
initial investment.

The method of payback period does not provide a decision point for the investor.
In other words, the decision-maker or investor does not know whether a payback
period of 2.66 years in the previous example represents a good investment or not.
If the project is longer than the payback period, the investment should provide a re-
turn to the investor. If the payback period is longer than the life of the project, the
investment will not return even the original investment to the investor.

The investor can specify acceptable payback periods for different classes of in-
vestments based on their perceived risk. Higher risk projects or activities will have
a lower payback period than lower risk ones.

In evaluating alternative investment options, the one with the shortest payback is
favoured. This is because the amount invested is returned to the investor earlier for
the project with the shortest payback period. Consider the following example.

Example 6.2: Alternative projects.

The cash flow profiles from two alternative projects are given in the Table 6.3 below. Since
the projects are mutually exclusive, one of them must be chosen. Which is the better choice?

Solution:

Construct a table containing the cumulative cash flows for each project and determine the
point at which the project cash flow changes from negative to positive. This table is given
as Table 6.4 below, and the Figure 6.1 illustrates the values.

Table 6.3 Cash flow profiles for two projects

Year Project A Project B
0 —100 —100
1 30 40
2 40 40
3 50 20
4 60 20

Table 6.4 Cumulative cash flow for two projects

Year Project A Project B
0 —100 —100
1 -70 —60
2 -30 —20
3 20 0
4 80 20
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Figure 6.1 The payback period for the two projects, showing that Project A has a shorter payback
period than Project B

The payback period for Project A is less than that for Project B. Therefore, project A is
preferred.

As discussed in Chapter 2, the payback method is more a measure of liquidity
than it is a method for measuring how much value is created for the investor. The
faster the project returns its investment to the investor, the earlier the investor can
reinvest that amount in another investment. The payback period has a number of
advantages:

@
(i)

(iii)

It is easy to calculate and it is easy to interpret.

It is a measure of project liquidity, so in situations in which liquidity is im-
portant, the payback period has an important role. For example, the company
may find it difficult or deem it too expensive to raise external funds. It may
then require its investments to have a short payback period, so that cash is
not tied to one investment for a long period, making it difficult to invest in
other opportunities. Other examples are the following: The market is subject
to a high degree of technological change so that the product may become ob-
solete (mobile phones, computers, software), or the product is model-based
(cars, fashion items). In both these cases, the company must recover its in-
vestment within the model period. If the investment is subject to forces with
which the investor is uncomfortable, such as an offshore investment, the in-
vestor may wish to limit her risk by getting the investment amount back as
soon as possible.

It may be difficult to forecast the cash flow beyond three to five years into the
future with any confidence. However, many managers, particularly those in
production environments, believe that if the project can return its investment
within a short period, say less than two years, the project will make a positive
contribution to the company.
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A drawback is that the payback period criterion does not specifically provide
a value for the decision point. In other words, if the payback period is 18 months,
it is not clear whether this is a good investment or a poor one. The payback period
does not indicate whether the investor should make the investment or not. Another
disadvantage is that it does not account for the time value of money.

6.2.2 Return on Investment

Return on investment is the name for a group of similar calculations that express
a ratio of profit to a measure of value. It is a measure of the profitability of the
investment. Usually, the return on investment is calculated from figures provided on
the accounting statements. As a result, the return on investment is sometimes called
the accounting return. The calculation of the return on investment is shown in the
following example.

Example 6.3: Return on investment.

Consider an investment with the accounting projections given in Table 6.5. The profit is
obtained from the income statement and the assets from the balance sheet. The assets have
been depreciated on a straight-line basis over the life of the project, hence their diminishing
value. Calculate the return on investment.

Solution:

One formulation of the return on investment is the annual profit divided by the original
investment:

Return on investment = 30,000/200,000 = 15%

Another formulation of the return on investment is the average profit divided by the average
value of the assets on the balance sheet. This definition is sometimes called the average
accounting return.

Return on investment = 27,500/100,000 = 27.5%
Another definition of the return on investment could be as follows:

Return on investment = (Total income — Original investment) / (Average book value)
= (110,000 —200,000)/(100,000)
=—-90%

Table 6.5 Profit and asset at different times for an investment

Year Assets Profit
0 200,000

1 150,000 20,000
2 100,000 30,000
3 50,000 30,000
4 0 30,000
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The return on investment is calculated using the accounting figures. As was dis-
cussed in Chapter 3, the assets are represented at their book values, which are unre-
lated to their market values or their earning potentials. The income or profits include
depreciation and as such are unrelated to the cash earned by the employment of the
assets. In addition, the definition of return on investment is not consistent or agreed
upon, as shown in Example 6.3, making it difficult to interpret the results with con-
fidence.

The return on investment is a relative measure, that is, it is not dependent on the
size of the investment. This is an advantage, since it allows projects of different sizes
to be compared. In addition, investors or management must specify an acceptable
value for return on investment since the method does not specify what a good return
should be. However, the return on investment can be compared with the interest
earned in a bank account, which is a very useful comparison.

The return on investment does not account for the time value of money. The
discounted cash flow techniques, which account for the time value of money, are
discussed in the next section.

6.3 Discounted Cash Flow Techniques

6.3.1 Net Present Value

If creating value for the investors or shareholders in a company is the goal of man-
agement, then the returns for each project undertaken by the company must exceed
the cost of the project. The cost of the project is the amount that the company in-
vests in the project. Thus, the value of a project is the difference between the cash
flows generated by the project and the cash flows consumed by the project. The cash
flows generated by the project will occur at some point in the future. For example,
a project proposal to produce a new line of products has the cash flows given in the
Table 6.6.

The sum of the cash in-flows from the project is 282. The total value that this
project will add to the company is equal to the sum of all the in-flow and out-flows,
which is equal to 282 — 200 = 82. On the face of it, the project would create value
for the company because the in-flows exceed the out-flows. However, in the previous
chapter, it was demonstrated that the timing of the cash flows affects their value.

Table 6.6 Cash flow projections for a proposal for a new product line

Year 0 1 2 3 4 5 6 7 8
Initial cost —200

Net cash in-flow 35 35 35 35 35 35 35 35
Cash flow from salvage 2

Net cash flow —200 35 35 35 35 35 35 35 37
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The value of the future cash flows is worth less today due to the time value of
money. In order to evaluate the contribution of the cash flows that are anticipated
in the future, they must all be compared at a common date. Since the investment is
assumed to occur now, the most logical common date is the present. The cash flows
are discounted to the present using Equation 5.32, which is given by the following
expression:

CF;
-~ (+k)
where CF; is the cash flow anticipated at year ¢ and k is the discount rate. In Chap-
ter 5, the amounts were discounted at the interest rate. In this and following chapters,
the calculation of the present value is at the discount rate. The investor or the com-
pany specifies the value of the discount rate. It is not equal to the various commercial
interest rates that are quoted.

The present value for each of the expected cash flows is discounted to the present.
The calculation of these values is shown in Table 6.7 if each cash flow is discounted
using a discount rate of 15%. The discount factor is the value of 1/(1+k)" in Equa-
tion 6.1.

The value that is created for the company is the sum of all these present values,
which, in this case, is —42.29. Since the value is negative, it costs more to invest
in this opportunity than it generates. Because the earnings in the future are worth
less than their equivalent value today due to the time value of money, this investment
does not generate wealth, as the simple analysis presented earlier suggested; instead,
wealth is destroyed.

The net present value (NPV) is the sum of all the cash flows discounted to the
present using the time value of money. If the net present value is greater than zero,
it is expected that value will be created for the investor. If it is less than zero, it
is expected that value will be destroyed for the investor. The net present value is
a method of quantifying the value that is to be created for the investor.

The net present value can be formulated as an equation in the following manner:

PV 6.1)

n

CF,
NPV = Z (lTltc)f 6.2)
t=0

where CF, is the cash flow at year 7, n is the life of the investment of the engineering
project and k is the discount rate.

Thus, the net present value of the project is the present value of the anticipated
cash flows generated by the project less the present value of the cash flows consumed
by the project.

Table 6.7 Calculation of the present values of the cash flows for the project proposal

Year 0 1 2 3 4 5 6 7 8
Net cash flow —200 35 35 35 35 35 35 35 37
Discount factor 1.000 0.870 0.756 0.658 0.572 0.497 0.432 0376 0.327

Present value —200.00 3043 2647 23.01 20.01 1740 15.13 13.16 12.10
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Example 6.4: Net present value of Santa Clara hydroelectric power scheme (HEPS).

In Chapter 1, the cash flows for the Santa Clara HEPS were presented. Determine the net
present value for this opportunity if the discount rate is 15%. The cash flows for the first
eight years are given in Table 6.8 below. After year eight, the cash flows are identical to
those in the eighth year.

Solution:

The free cash flow is the amount of cash that is consumed or generated by the project. NPV
is calculated from the free cash flow. The calculation of the present values of the free cash
flows for the first eight years is shown in the last line in Table 6.9 below.

Since the net present value is the sum of the present values of all the future cash flows, the
summation of the last line in the table gives the NPV. Note that the life of this project is 35
years, so the table needs to be extended for the entire period. If this is done, and the present
values summed, the result is that the NPV is equal to $311 million.

Since the NPV is positive, the project will create value and should be acceptable.

The NPV is an estimation of the value added to the company if the project is
accepted and implemented. The NPV is an absolute value, that is, it is dependent
on the size of the contribution of the project to the wealth of the company. If there
are choices between projects, the set of projects that maximize the total NPV will
maximize the total value of the company.

The net present value is additive. If the company invests in two projects, their
total NPV should be the sum of the two individual net present values.

In addition, the net present value is a property of the project, not the owner of the
project. This means that the discount rate must be a property of the project, rather
than the company.

To summarise, the advantages of the net present value are the following:

(i)  Itis an absolute measure of value. The NPV of a project is the value that the
project is expected to add to the value of the company.

Table 6.8 Cash flow for the Santa Clara HEPS

Year 1 2 3 4 5 6 7 8
Revenue 0.0 0.0 0.0 0.0 109.6 1563 1612 161.2
Operating expenses 0.0 0.0 0.0 0.0 4.4 4.4 4.4 4.4
Royalty 0.0 0.0 0.0 0.0 22 3.1 32 32
Cash flow 0.0 0.0 0.0 0.0 103.0 148.8 153.6 153.6
Capital 10.0 74.9 77.8 1142 140.6 603 3.8 0.0
Free cash flow —-10.0 -749 -77.8 —1142 -37.6 88.6 149.8 153.6

Table 6.9 Calculation of the present values of the cash flows

Year 0 1 2 3 4 5 6 7 8

Free cash flow —-10.0 —-749 -77.8 —1142 =376 88.6 149.8 153.6 153.6
Discount factor 1.000 0.869 0.756 0.657 0.571 0497 0432 0375 0.326

Present value —-100 —651 —-58.8 751 -21.5 440 648 577 502
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(i1)) It accounts for the time value of money.

(iii) It is straightforward to interpret: it is the net value of the project in today’s
money and represents the amount of value that the project will add to the
value of the company.

(iv) NPV is additive, so that the value of two projects is the sum of the NPVs for
each of the projects.

(v) NPV is aproperty of the project. It should not be a function of the owner. This
means that the NPV of different projects, owned by different companies, can
be compared.

(vi) The use of NPV as an assessment criterion has the advantage of a built in
decision-point. If the NPV of a project is less than zero, the value of the
resources that the project uses is greater than the value of the benefits the
project creates.

The main difficulty with net present value is the choice of discount rate. The
values of the cash flow, CF;, and the value of n in Equation 6.1 are determined
by the project. However, the value of the parameter, k, the discount factor, needs
to be set by management. The method for choosing the value of the discount rate
that is the most popular is by comparison with the company’s cost of raising capital
on the debt and equity markets. This is called the weighted average cost of capital
(WACC). The determination of WACC will be discussed in more detail in Chap-
ters 8 and 12. Unlike the payback period, for which management also has to set an
acceptable value for the acceptance or rejection of proposals, there is a method of
benchmarking the discount rate with more objective values traded in the market.

The sensitivity of the NPV to the discount rate can be determined by changing
the discount rate. The NPV as a function of the discount rate for a particular set of
cash flows is shown in Figure 6.2.

Just as the present values and the future values are sensitive to the discount rate,
so is the NPV. The results illustrated in Figure 6.2 show that the NPV is exponen-

35

30
25

20
10 Internal Rate of Return
5 /

0 5 10 15 20

Net Present Value
>

Discount Rate, %

Figure 6.2 The effect of different discount rates on the NPV
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tially dependent on the discount rate. The shape of the NPV curve with respect to
the discount rate is dependent on the cash flow profile. In normal investments, the
profile will be similar to that shown in Figure 6.2.

The point on the curve where the discount rate is zero represents maximum
project value, which is the value if the time value of money is zero. The discount
rate on the curve where the NPV changes from positive to negative represents the
internal rate of return (/RR), another decision criterion that will be discussed later in
this chapter.

The discount rate that is used in the calculation of the NPV need not be constant
over the lifetime of the project. For example, the expected inflation rate may change,
justifying an adjustment in the discount rate. Similarly, the risk of the project may
change over time, which may also justify a change in the discount rate.

If the discount rate is different each year, the NPV is modified by substituting the
required discount rate for each year. This is expressed as follows:

n

CF;
NPV = —_— 6.3
tz:; (14 k)t ©3)

where k; is the expected discount rate for each year ¢.

6.3.2 Profitability Index or Benefit-cost Ratio

The profitability index (PI), which is the same as the benefit-cost ratio, is the ratio
of the present value to the cash flows generated to the present value of the cash flows
consumed. It is a measure of the profitability per dollar invested. The profitability
index can be determined from the following equation:

Pl— PV ofca_.vh generated 6.4)
PV of investment
PV(G
Pl= (©) (6.5)
PV(I)

where PV(G)represents the sum of the present values of cash flows generated each
year (G,), while PV(I) represents the sum of the present values of the investments
each year (/;). These factors can be expressed mathematically as follows:

n n

G
PV(G) =) (1+’k)t and PV(I)=)
=0 t=0

Iy
(1+k)

(6.6)

The profitability index measures the amount earned per dollar invested. If the
amount generated is less than the amount invested, the P/ is less than one, and the
investment is rejected. If the amount generated is more than the amount invested,
the PI is greater than one, and the investment is recommended.
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Table 6.10 Investment costs and present values of cash flows for six projects

Project Initial investment  Present value of the cash flows generated

A 100,000 120,000
B 150,000 180,000
C 200,000 220,000
D 400,000 320,000
E 10,000 30,000
F 280,000 305,000

Table 6.11 Calculation of the NPV and the PI

Project NPV Pl Ranking based on NPV Ranking based on P/

A 20,000 1.20 3 2
B 30,000 1.20 1 2
C 20,000 1.10 3 3
D —80,000 0.80 4 5
E 20,000 3.00 3 1
F 25,000 1.09 2 4

The following example illustrates the calculation of the profitability index.

Example 6.5: Profitability index.

Rank the projects A through F based on NPV and PI. Table 6.10 provides details of the cash
flow and investments for each project.

Solution:

The NPV is calculated from Table 6.10 as PV(G) less 1, that is, PV(G) — I, and the prof-
itability index from PV(G)/I, where I represents the initial investment. The result of these
calculations is given in Table 6.11.

The worst project is Project D. It has a negative NPV and a PI less than one, which means
that it does not generate sufficient revenues to justify the investment. The project that ranks
highest on the P/ ranking does not have the highest NPV. It is the smallest project. The
conflict with the NPV will be discussed later.

The profitability index can also be expressed in terms of the NPV and the present

value of the investment:
NPV
Pl=—+1 6.7)
PV(I)
The profitability index is a relative measure, which means that it cannot distin-
guish between the sizes of projects. This is in contrast to the NPV, which is an

absolute measure of the value of a project.

6.3.3 Internal Rate of Return

The internal rate of return (/RR), which is also called the rate of return (ROR) and
the discounted cash flow rate of return (DCFROR), is the value of the discount rate
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at which the net present value is zero. The definition of the internal rate of return
was illustrated in Figure 6.2. It is the discount rate at which the net present value is
zero. This can be expressed mathematically in the following equation:

n

B CF,
0= ; TR (6.8)

Equation 6.8 is non-linear and it cannot be solved directly. One method of ob-
taining the IRR from Equation 6.8 is by trial and error: guess a value for the discount
rate, calculate the NPV, and repeat the procedure until a guess is made which sat-
isfies Equation 6.8. Another way is to choose a range of discount rates, calculate
the NPV, and then interpolate between the points on either side of the line for the
point at which the NPV is equal to zero. A third way is to use a computer search
algorithm, such as the secant method. A fourth method is to use built-in functions
on calculators and spreadsheets, such as the “goalseek” function in MS Excel.

Two of the methods for determining the /RR are illustrated in the example that
follows.

Example 6.6: Internal rate of return.

An investment costs $100, and returns two payments of $60 in the following two years.
Calculate the /RR.

Solution:
The cash flow profile for this investment is shown in Figure 6.3. The formula for the /RR

can be expanded to give the following expression for this investment:

60 . 6
(I+IRR)' " (1+IRR)?

0=-100+

This is a special case of the /RR expression since it only contains the first two discounted
terms. It can be solved using the quadratic formula. However, this is not done here. Rather
a more general method, that of trial and error with linear interpolation, is used here. The
first step is to choose a range of discount rates, and calculate the NPV at those discount
rates. These results are shown in Table 6.12.

0 1 2

v

-100 60 60

Figure 6.3 Cash flow profile for the investment considered in Example 6.6

Table 6.12 NPV as a function of discount rate

Discount rate NPV

0% 20.0
5% 11.6
10% 4.1
15% -2.5

20% —8.3
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Figure 6.4 The net present value as a function of the discount rate for Example 6.6

These results are illustrated in Figure 6.4.

The results plotted in the figure indicate that the /RR lies between 10 and 15%. By linear
interpolation, this is equal to 13.15% as shown in the following calculation:

0= (4.1—(—2.5))/(10— 15)(10— IRR) + 4.1
=> IRR = 13.15%

By trial and error, or goalseek on MS Excel, IRR = 13.066%.

It is not possible to determine whether this is a good project or not simply from the value
of the IRR. The IRR must be compared with that of other investments that can be made, or
with a specified rate that the project must exceed. The specified IRR is sometimes called the
minimum attractive rate of return (MARR) or hurdle rate.

The IRR is a relative measure, that is, it does not depend upon the size of the
project or the investment. It is usually expressed as an annual percentage, in much
the same way as an interest rate. Managers can compare the /RR for a project with
current interest rates and with the rates of return of other projects. As a result, IRR
has some attraction in the ranking of opportunities. Unfortunately, like the prof-
itability index it can rank them in a fashion that is inconsistent with the NPV. The
ranking of projects will be considered in Chapter 7.

The IRR can be interpreted as being analogous to the yield on a bond or the
rate of interest on a loan. Bonds were discussed briefly in Example 5.18 and in
Section 5.10. The purchaser pays for the bond, which is an investment. In return,
the issuer of the bond pays amounts at regular intervals throughout the life of the
bond, and at maturity, pays back the face value of the bond. This is similar to interest
payments and the repayment of the principal on a loan. Thus, the yield of the bond
is the interest rate at which the investor earns returns on her investment. A review of
the Section 5.10 shows that the yield of a bond is calculated in the same manner as
the internal rate of return.
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Another analogy is with a loan in which interest is paid on a loan. This analogy
is considered in the following example.

Example 6.7: IRR and interest rate on a loan.

An engineering consultancy borrows $10,000 from a bank at an interest rate of 10%. The
term of the loan is five years. The loan is structured so that the engineering consultancy
must make annual payments of equal amounts so that at the end of the loan period the loan
is fully paid back to the bank. The bank charges interest on the outstanding balance. This
type of loan is called an amortized loan.

1) Establish the amount the engineering consultancy must pay each year.
(i)  Construct the loan repayment schedule.

(iii)  Determine the /RR of the loan repayment schedule.
Solution:

(i) The present value of the loan at the start is $10,000. The repayments will be in
equal payments. This means that they have the cash flow profile of an annuity. Ref-
erence to Table 5.3 confirms that the annuity formula that is required is Equation 6 in
Table 5.3, and given as follows:

A =P(AIP,i,n)=P(i(1+)"/[(1+D)" —1])

The substitution of the values for P, n and i yield the following calculation:
A = 10,000 (0.1(1 10.0)5/[(140.1)5 — 1]) —$2,637.97

The annual payment required for the loan is $2,637.97.

(i)  The loan repayment schedule is shown in Table 6.13 below. The opening balance
is at the beginning of the period, whereas the closing balance is at the end of the
period. The interest is charged on the opening balance at 10%, and these two figures
added together constitute the end of period amount shown in the fourth column. The
closing balance is the end of period amount less the annual payment.

The most confusing part of the loan schedule is clarifying the dates. The schedule of
payments is shown in Figure 6.5 on page 177.

Interest accrues during the year on the outstanding balance. Each year the payment
exceeds the interest, so that the balance is reduced each year, until finally the loan is
paid back in full.

(iii)  The cash flow profile from the bank’s point of view is given in Table 6.14. The
negative amount is the loan, which is an out-flow for the bank, while the positive

Table 6.13 Loan repayment schedule

Year Opening (begin) Interest charged Amount (end) Payment (end) Closing (end)

1 10,000.00 1,000.00 11,000.00 2,637.97 8,362.03
2 8,362.03 836.20 9,198.23 2,637.97 6,560.25
3 6,560.25 656.03 7,216.28 2,637.97 4,578.30
4 4,578.30 457.83 5,036.13 2,637.97 2,398.16
5 2,398.16 239.82 2,637.97 2,637.97 0.00
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Table 6.14 Discount cash flows for the loan repayments

Year Amount Discount factor DCF
0 —10,000 1.000 —10,000
1 2,637 0.909 2,398
2 2,637 0.826 2,180
3 2,637 0.751 1,982
4 2,637 0.683 1,802
5 2,637 0.621 1,638
Total 0
12,000
}Interest
10,000 F=reeeennnds
8,000 A Payment
£
o 6,000 A
£
<
4,000 -
2,000 -
0 T
0 1 2 3 4 5 6

Year

Figure 6.5 Loan repayments on a loan of $10,000

amounts are the in-flow from the engineering consultancy making their payments.
The years are numbered as at the end of each year. The cash flows for the engineering
consultancy are same, but with the opposite sign.

The third column is the discount factor, which is given by 1/(14k)", where k is the
discount rate and » is the year. The fourth column is the discount factor multiplied
by the cash flow in that year to give the discounted cash flow for the year. The figures
in the table were calculated using a discount rate of 10%. The sum of the figures in
column four is the net present value. Since the net present value is zero, the IRR
is 10%.

Example 6.7 indicates that one way of viewing the /RR is as the interest on an
amortized loan. It is a major advantage for the /RR that its interpretation is similar
to the effective interest rate, which managers intuitively understand. Importantly,
management or investors must specify a value for the IRR that is acceptable. That
is, they must set a MARR or a hurdle rate that the JRR must exceed. For example,
if management specified that the project /JRR must be greater than 12%, then the
project in the Example 6.6 is acceptable since the IRR is greater than 12%.

The cash flow profile has a possible influence on the calculation of the /RR.
The cash flow profiles for projects are classified as conventional or unconventional.
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Figure 6.6 Projects with conventional and unconventional cash profile profiles

A conventional project is one in which the cash flow profile changes sign only once.
Either an investment is made and then returns are received (investment, bank ac-
count as the depositor), or payments are made and then a return is received (lender,
bank account as the banker). An unconventional project occurs when the cash flow
profile changes sign more than once. The difference between these two types of cash
flow profiles is illustrated in Figure 6.6.

From the theory of equations, it is known that the number of real roots of an
equation is the number of times the equation changes sign. This means that if the
cash flow profile changes sign more than once, it is possible that multiple values for
the IRR exist. In this case, it is best to plot the net present value as a function of the
discount rate. On the other hand, if the cash flow profile does not change sign at all,
the IRR has no meaning.

A project with an unconventional cash flow profile is considered in Example 6.8.

Example 6.8: Multiple values of IRR.

Mining projects typically involve mine closures at the end of operations that might be costly.
If the investment proposal for such an opportunity had a cash flow profile similar to that
given in Table 6.15 below, determine the /RR.

Solution:

The NPV as a function of the discount rate is shown in the Figure 6.7. There are clearly
two intersections with the x-axis, so that the definition of /RR does not provide a unique
answer. Many calculator and spreadsheet methods will not identify multiple solutions for
IRR. Under these conditions, the /RR method breaks down completely, and under these
circumstances it is not possible to specify a single meaningful value for the /RR.
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Table 6.15 Cash flow profile for a mine with closure costs

Year
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Figure 6.7 The NPV as a function of the discount rate, indicating that there are two possible values
for the IRR for this cash flow profile

To summarize the discussion, the /IRR has intuitive appeal because it can be in-
terpreted in the same way as the interest rate on a loan or the yield on a bond.
However, the IRR is more difficult to use than this suggests. There are four main
problems with the /RR:

®

(ii)

(iii)

One of the attractions of the /RR is in comparing projects, or ranking them.
Unfortunately, the /RR may rank projects in an order that is in conflict with
the other DCF techniques, particularly with the NPV. The goal of manage-
ment is to maximize value for the shareholders, which the NPV does. The
ranking of projects by any other technique should be consistent with the goal
of management and hence the NPV criterion. The ranking of projects is dis-
cussed in more detail in Chapter 7.

The IRR can produce multiple values if the cash flow profile is unconven-
tional. These multiple values occur rarely in practice but when they do, they
mostly go unrecognised.

The effort to calculate the IRR is significantly more than the other DCF tech-
niques.
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(iv)  If the cash flows do not change sign, for example in cost saving projects, the
IRR is undefined.

6.3.4 Modified Internal Rate of Return

The modified internal rate of return is the return earned by the project as if the cash
flows from the project are reinvested at the company’s discount rate. The MIRR,
which has also been called the Growth Rate of Return, can be found from the fol-
lowing expression:

0= Terminal Value of Cash Flows
- (1 +MIRR)"

— Investment (6.9)

where n is the life of the project. The MIRR is the IRR of the project in which the
cash flow profile is reduced to that constituting an initial investment and a terminal
value. The terminal value is the sum of the future values for all the cash flows other
than the initial investment. This future value is calculated at the company’s discount
rate. Equation 6.9 can be rewritten as follows:

> CF, (1 4k

_ =1

e — o] (6.10)
(1 + MIRR)"

The calculation of the MIRR is explained in the following example.

Example 6.9: The modified internal rate of return.

A businessperson invests $120,000 and earns a return from this investment. The cash flows
from the investment are given in Table 6.16. The earnings, for reasons such as the limitations
on the expansion opportunities and scale of the investment, cannot be reinvested in the
project. They are reinvested in other businesses that earn a return of 10%. Determine the
MIRR for this project.

Solution:

Each of the cash flows from the project is reinvested until the end of the project in other
investments that yield a return of 10%. The future values of these cash flows are shown
in Table 6.17. For example, the future value of the cash flow at year 2 is calculated using

Table 6.16 Cash flow profile for an investment

Year Cash flow

0 —400,000
1 150,000
2 120,000
3 100,000
4 50,000
5 60,000
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Table 6.17 Calculation of future values of the cash flows

Year Cash flow Compound factor Future value

1 150,000 1.4641 219,615
2 120,000 1.331 159,720
3 100,000 1.21 121,000
4 50,000 1.1 55,000
5 60,000 1 60,000
Terminal value 615,335

Equation 5.3 as follows:
FV =PV(1 +i)" =30,000(1+0.1)° = 39,930
The terminal value is the sum of the earnings reinvested in other businesses at 10% until the

end of the project.

The cash flows for the project are then reduced to two: that at the beginning of the project
and the terminal value at the end of the project. The modified /RR is the IRR calculated from
the terminal value and the original investment:

615,335

=0y
T MIRR)S ~ 00-000

The rearrangement of this equation gives the following calculation for the value of the

MIRR:
615,335

MIRR = —1=28.996%
400,000

The MIRR has a value of 8.996%.

The project yields a return less than of the company’s other investments (10%), and, there-
fore, the proposal to invest in this project is not acceptable.

The MIRR is often advocated because of the reinvestment assumption that is er-
roneously presumed to be the cause of the conflict between the recommendations
signalled by the NPV and the IRR. The conflict between the /RR and the NPV is
discussed later, as is the reinvestment assumption.

6.3.5 Discounted Payback Period

The discounted payback period is the same as the payback period, except that the
time value of money has been included. The payback period is the time taken for
the cash in-flows from the project to be equal to the cash out-flows. At that point
the investor has “got her money back.” The discount payback period is the same
concept, except that is incorporates the time value of money. This rectifies one of
the main criticisms of the payback period as a decision criterion, that is, that it does
not account for the time value of money.
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Table 6.18 Cash flow profile for an investment
Year Cash flow

0  —120,000
1 39,000
2 30,000
3 21,000
4 37,000
5 46,000

Table 6.19 Calculation of the discounted payback period

Year Cash flow Discount Discounted cash Cumulative cash  Cumulative

factor flow flow discounted cash
flow
0 —120,000 1.000 —120,000 —120,000 —120,000
1 51,000 0.909 46,364 —69,000 —173,636
2 47,000 0.826 38,843 —22,000 —34,793
3 25,000 0.751 18,783 3,000 —16,011
4 43900 0.683 29,984 46,900 13,974
5 46,000 0.621 28,562 92,900 42,536

Example 6.10: Payback period and the discounted payback period.

A businessperson invests $120,000 and earns a return from this investment. The cash flows
from the investment are given in Table 6.18. Determine the payback period and the dis-
counted payback period if the discount rate is 10%.

Solution:

The calculation of the discounted cash flows and the cumulative discounted cash flows are
shown in Table 6.19. The results from this table are shown in Figure 6.8. The discounted
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Figure 6.8 Discounted payback period
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payback period is the time at which the cumulative discounted cash flow changes sign from
negative to positive. This occurs between years 3 and 4. Figure 6.8 indicates that the dis-
counted payback period is close to 3.5 years. This is in contrast to the payback period, which
is about 4 years.

6.3.6 Benefit-Cost Ratio

The benefit-cost ratio is the ratio of the present value of all the benefits to the present
value of all the costs. This can be expressed as the following formula:

_ PV(Benefits)

B/C= PV(Costs) (©.11)

The benefits are the cash in-flows to the project, and the costs are the cash out-
flows to the project. The costs are presented as positive, which is contrary to the
treatment of costs in the other methods.

The benefit-cost ratio is the same as the profitability index discussed earlier. The
use of the name benefit-cost ratio is more acceptable in the public sector where the
aim is to provide a benefit to the citizens rather than to make a profit.

6.3.7 Equivalent Annual Charge

The equivalent annual charge (EAC) distributes the present value of the project
equally over the life of the project as if it were an annuity. The equivalent annual
charge is used mainly to compare alternatives, such as in studies concerning the
replacement of ageing equipment.

The EAC is given by the following expression:

(6.12)

k(1+k)"
EAC:PV(A|P,k,n)=PV( (I+4) >

(I+k)r—1

where PV is the present value or net present value of the project, k is the discount
rate, and n is the life of the project. The calculation of the FAC is the same as that
used in Example 6.7 part (i) to determine the payment that must be made in order to
repay a loan by the end of the loan period.

The interpretation of the FAC is illustrated in Figure 6.9. It spreads the net present
value over the life of the project as if it were an annuity.

The equivalent annual charge can also be used to calculate the annual payment
that must be made each year in order to repay the investment. If the EAC of the cost
of the fixed capital is determined, it indicates the amount each year that must be
recovered in order to pay for the capital and the interest accrued at the discount rate.
In this form, it is known as the capital recovery factor.
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Figure 6.9 The relationship between NPV and equivalent annual charge

The calculation of the equivalent annual charge is illustrated in the following
examples.

Example 6.11: Calculation of equivalent annual charge.

A 30-year project has an NPV of $15 million determined at 9%. Determine the equivalent
annual charge for this project.

Solution:

The equivalent annual charge is an annuity can be determined from the annuity formula
(Table 5.3):

A =PV(A|P,k,n) (6.13)
where £ is the discount rate. The annuity factor A|Pk,n is given by the following expression:
AP k,n=k(14+k)"/[A+k)" —1]

Since the discount rate is 9%, k = 0.09 and project has a life of 30 years, n = 30. Thus the
annuity factor is calculated as follows:

0.09(1 +0.09)* /[(1+0.09)*° — 1] = 0.09733
The calculation of the equivalent annual charge is as follows:
EAC =0.09733(15) = $1.46million

The equivalent annual charge is $1.46 million.

The equivalent annual charge is also known as the annual worth, equivalent uni-
form annual worth, equivalent uniform annual charge and annual equivalent. These
names, such as annual worth are misleading, in the sense that they do not convey the
meaning of this measure. The term annual worth seems to be a misnomer. A better
name is to replace the word “annual” in any of the previous names with “annu-
ity,” so that “annual worth” becomes “annuity worth” because the method treats the
amounts spent or earned as if they were an annuity. The term capital recovery can
be changed in a similar fashion. However, this text has chosen to use the names
“equivalent annual charge” and “capital recovery,” as they seem to be the least mis-
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leading of the terms in use. This annuity nature of the measure is clearly illustrated
in Figure 6.9.

The equivalent annual charge can be used to determine how much the revenue
for a project must exceed its operating expenses in order for it to pay back the
investment capital. This is considered in the following example.

Example 6.12: Charges for capital recovery.

A municipality wishes to install a new electricity distribution network. It is estimated that
this will cost $5 million. The project will last 20 years. The municipality estimates that its
discount rate is 7%. How much must the municipality charge customers for the capital cost
of the system? In other words, what is the charge, in addition to the costs of the electricity
and other operating expenses incurred by the municipality in distributing the electricity, for
the capital cost of the system?

Solution:

The EAC for a $5 million project at 7% for 20 years is given by:

Equivalent Annual Charge = PV(A|Pk,n)
= (=5)0.07(1 +0.07)%° /[(1 4+ 0.07)*° — 1] = (—5)0.09439
= —$471,964

Note that costs have been represented as negative numbers. This is done to be consistent
throughout the chapter. In replacement studies, the costs are sometimes represented as pos-
itive numbers.

The municipality must pass on an additional capital charge of $471,964 to its customers
each year for the next twenty years in order to pay for the capital investment for the distri-
bution network. This exceeds the simple allocation of these costs in equal allotments across
the life of the equipment by an amount equal to $471,964 — $5,000,000/20 = $221,964.
This represents the effect of the interest charged on the capital investment. Effectively, cus-
tomers are buying the distribution network and paying for the cost over twenty years at an
interest rate of 7%.

As a matter of interest, a mortgage loan on a home or a building is analogous to
the equivalent annual charge discussed in the previous example. Instead of purchas-
ing a distribution network and paying it off over 20 years, the owner of a mortgage
purchases a property and pays it off over 20 or 30 years, depending on the term. The
interest on a mortgage is paid on the outstanding balance, and payments are made
in equal instalments so that both the interest and the capital are repaid at the end of
the term of the loan. The repayments for a mortgage loan are considered in the next
example.

Example 6.13: Mortgage loan.

An engineering consultancy wishes to purchase an office for $300,000. The current interest
rate for mortgages is 5% over a 25-year term. What are the monthly repayments?

Solution:

Since the payments are made monthly, the rate that must be used in the calculation is the
nominal monthly interest rate. This is equal to 5%/12 = 0.004166.

The equation for the equivalent monthly charge is then given by:



186 6 Evaluation Criteria for Investment Decisions

A = PV(A|Pi,n) = (300,000)(0.05/12(1 +0.05/12)*2 /[(140.05/12)®1? 1]
= (300, 000)(0.005845)
= $1,753.77 per month.

The monthly mortgage repayment is $1,753.77 per month (assuming the interest rate re-
mains constant).

Mutually exclusive projects are projects where only one of the alternatives can
be chosen. When an investment doesn’t necessarily earn revenue by itself, such as
in the case of the replacement of a piece of equipment, the project is often referred
to as a service-producing project. Such projects are compared on the basis of their
costs and the project that is the least cost alternative is chosen. The EAC can be
used to compare different service-producing projects, such as the replacement of
equipment.

If the EAC is used to compare projects of different durations, or useful lives, an
additional assumption is introduced into the analysis. It implicitly introduces the as-
sumption that the project can be replicated with the same cost structure indefinitely.
This assumption may not be valid for a number of reasons, such as the escalation
of costs, technology obsolescence and changes in the performance of alternatives,
amongst others. In spite of this assumption, the equivalent annual charge is often
used to assess these types of options.

The use of the equivalent annual charge in assessing mutually exclusive options
is illustrated in the following example.

Example 6.14: The use of EAC to compare mutually exclusive projects.

The company is considering the replacement of a piece of equipment. The capital and oper-
ating costs for the two alternatives are given in Table 6.20. The capital cost for project B is
much less than Project A, while the life of Project B is much less than that of Project A. The
operating costs are similar, but as Project A ages, it is anticipated that the operating costs
will almost double due increased maintenance requirements. Determine the preferred option
if the discount rate is 5%. In addition, determine if the choice of the project is dependent on
the discount rate.

Table 6.20 Cost profile for two projects with unequal lives

Year Project A Project B

0 —19,000 —12,000
1 —2,000 —1,700
2 —2,000 —1,700
3 —2,000 —1,700
4 —2,000 —1,700
5 —2,000
6 —2,000
7 —3,500
8 —3,500
9 —3,500
10 —3,500
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Table 6.21 Calculation of present values of project costs

Year Project A PV(A) Project B PV(B)

0 —19,000 —19,000 —12,000 —12,000
1 —2,000 —1,905 —1,700 —1,619
2 —2,000 —1,814 —1,700 —1,542
3 —2,000 —1,728 —1,700  —1,469
4 —2,000 —1,645 —1,700 —1,399
5 —2,000 —1,567
6 —2,000 —1,492
7 —3,500  —2,487
8 —3,500  —2,369
9 —3,500  —2,256
10 —3,500  —2,149

Total PV —38,413 18,028

Solution:

The methodology used is to determine the present value of the costs and the equivalent
annual charge can be calculated for both options. The option with the lowest EAC is the
preferred option. Since the options have unequal lives, the annual cost of replacing equip-
ment B at the end of its life with another model of the same equipment will be the same
as that for the first model. Thus, in comparing projects with unequal lives using the EAC,
the assumption is made that the projects can be repeated at the same costs as the first im-
plementation. Thus, the difference in useful life is neatly taken into account by the annual
equivalent charge. However, this can only be a true assessment of the situation if the equip-
ment can be replaced for the same cost as that for which it was originally installed.

The calculation of the present value of the costs is shown in Table 6.21.

The equivalent annual charge can be calculated for the two projects:

EAC(A) = (—38,413)0.05(1 +0.05)'0/[(140.05)! — 1] = (—38,413)0.1295 = —4974.65
EAC(B) = (—18,028)0.05(1 +0.05)* /[(1+0.05)* — 1] = (—18,028)0.2820 = —5084.11

Clearly, Project A costs slightly less than Project B and it is the recommended alternative.
Note that since the total PV is that of costs, the preferred choice is the one with the lower
costs. Project B has the higher NPV, but this is biased because it has a much shorter life.
One way to reduce this bias is to choose a period, called a study life, that is the lowest
common multiple of the two unequal lives.

(It should also be noted that since the cash flow profile does not have a sign change, that
is, is change from positive or negative or negative to positive over the course of the project,
the IRR method couldn’t be used. Under these conditions, the /RR is undefined. It was the
failure of /RR in this situation that gave rise to the classification of projects as either service-
producing or revenue-producing projects, because different techniques were needed for the
assessment of these different categories if /RR was the preferred method of analysis.)

The recommended method for the analysis of projects is to use the NPV criteria. If the
projects have unequal lives, they should be evaluated using NPV over a common period or
study life. Replacement studies are considered in more detail in Chapter 8.

The difference between the equivalent annual charges for each of the options as a function

of discount rate is shown in Figure 6.10 on page 188, indicating that the preferred choice
changes from Project A to Project B if the discount rate increases above 8%.
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Figure 6.10 The difference in the EAC for the two alternatives

The equivalent annual charge has the advantage of being relevantly easy to in-
terpret: it is the cost incurred or value added for each year of the life of the project.
It can be used to determine the annual charges that need to be levied in order to re-
cover the cost of an investment, and it can be used to compare alternatives of equal
lives. It has the disadvantage that if it is used to compare alternatives of different
lives, it introduces the assumption that the projects can be reproduced for the same
costs. This assumption is difficult to justify in practice. Replacement decisions are
considered in more detail in Chapter 7.

The decision criteria discussed in Sections 6.2 and 6.3 form the core of the
methods that are used to assess the economic viability of projects. In the next section
the discounted cash flow techniques are compared.

6.4 Comparison Between Discounted Cash Flow Techniques

6.4.1 Relative and Absolute Measures

The net present value, the internal rate of return and the profitability index are the
most commonly used techniques for the assessment of project proposals in com-
panies. They are all discounted cash flow techniques, so they account for the time
value of money. They all require management to set a parameter: for /RR it is the
hurdle rate, while for NPV and PI, it is the discount rate. However, Pl and IRR are
relative measures, that is, they compare the earnings and the growth in earnings with
the cost of the investment, while the NPV is an absolute measure, that is, a measure
of the value that the project is expected to add to its owner’s portfolio of assets.
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6.4.2 Agreement and Conflict Between Measures

When evaluating a single project with conventional cash flows, the discounted cash
flow techniques will always make the same recommendation concerning the eco-
nomic attractiveness of the project. The profile of NPV against discount for con-
ventional cash flows for an investment is downward sloping, that is, it has a nega-
tive slope. This means that if the NPV is positive at the discount rate, the /RR will
always be greater than the discount rate. In addition, if the NPV is positive, the
present value of the cash flows generated is greater than the present value of the
cash flows invested. If the NPV is positive, the profitability index, which is a ratio
of the present values of the cash flows generated to those invested, must be greater
than one. Thus, the discounted cashflow techniques will make the same recommen-
dation.

However, in comparing multiple projects, or cash flows that are not conven-
tional, the different discounted cash flow criteria may conflict with one another in
their recommendations. The slope of the profile of NPV against the discount rate,
even though downward sloping for conventional cash flows, need not have the same
value. Projects with different cash flow profiles will have different slopes for their
profiles of their plots of the NPV versus the discount rate. Different slopes give
rise to the possibility of the profiles intersecting with one another. Such an inter-
section, called Fisher’s intersection after the economist Irving Fisher, is shown in
Figure 6.11. The existence of Fisher’s intersection at positive values for the NPV
indicates that conflicting recommendations from NPV and IRR analysis might exist.

For the projects shown in Figure 6.11, Project B is the preferred option if the
discount rate is less than that at Fisher’s intersection, while Project A is preferred
if the discount rate is greater than the rate at the intersection. The /RR for Project
A is greater than that for Project B. This means that if the discount rate were less

20,000
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15,000 4 ! i i
= Fisher’s intersection
>
% 10,000 1
G Project A
2
€
b
o 0
o
k]
= -5,000 A A preferred B preferred
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Figure 6.11 The effect of discount rate, k, on the NPV for two different projects
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Table 6.22 Cash flow profile for two projects

Year Project A Project B

—37,000 —31,000
20,000 1,000
15,000 5,000
10,000 10,000

5,000 15,000
1,000 20,000

wn s W= O

Table 6.23 Calculation of NPV for two projects

Year Project A Project B Discount factor PV (A) PV (B)

0 —-37,000 —31,000 1.000 —37,000 —31,000
1 20,000 1,000 0.909 18,182 909
2 15,000 5,000 0.826 12,397 4,132
3 10,000 10,000 0.751 7,513 7,513
4 5,000 15,000 0.683 3,415 10,245
5 1,000 20,000 0.621 621 12,418
NPV 5,128 4,218

than the rate at Fisher’s intersection, the NPV and IRR methods would recommend
different options.
The calculation of Fisher’s intersection is demonstrated in the following example.

Example 6.15: Fisher’s intersection.

Two projects have the following cash flow profiles. Determine the discount rate at Fisher’s
intersection.

Solution:

Fisher intersection occurs at the discount rate that makes the NPV of Project A equal to the
NPV of Project B. The calculation of the NPV for each project at a discount rate of 10%
is shown in Table 6.23. The present value for each cash flow is the value of that cash flow
multiplied by the discount factor. The NPV is the sum of present values for each of the cash
flows.

The NPV of each of the two projects at other discount rates was calculated in the same
manner as these results. The results for these calculations, given in Table 6.24, indicate that
the NPV of the two projects intersect at a discount rate between 8 and 9%. The intersection
point was found to be 8.21% by trial and error.

For these two projects, if the discount rate is less than 8.21%, Project B is preferred, while
Project A is preferred if the discount rate is higher than this value.

The source of the conflict between the recommendations of the NPV and IRR
methods is the difference in the profiles of the NPV versus the discount rate. If
Fisher’s intersection occurs at a positive NPV, there is possibly a conflict between
the recommendations of the /RR and the NPV.
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Table 6.24 NPV for the two projects as a function of discount rate

Discount rate NPV (A) NPV (B)

5% 9,188 11,137
6% 8,322 9,616
7% 7,484 8,168
8% 6,673 6,788
9% 5,888 5,473
10% 5,128 4,218
11% 4,391 3,021
12% 3,678 1,878

The source of the conflict is not, as is far too commonly stated in finance and
accounting texts, a result of the “reinvestment assumption.” It is argued later that
the reinvestment assumption is a fallacy.

For the intersection of the NPV-discount rate to be at a positive NPV there must
be a difference in the slope of these profiles. The factors that affect the slope of the
NPV-discount rate profile are the factors that affect the value of the NPV the size,
timing and duration of the cash flow for the projects. Altering these factors alters
the NPV-discount rate profile, and hence alters the point of intersection between
different projects.

The obvious question is which technique is correct if there is a conflict between
the two techniques? The basis for an answer lies in the goal of financial management
and engineering economy: to maximise shareholder value. If shareholder value is
the aim of the company’s management and directors, the project that creates greater
value, not greater rates of return, is the preferred choice.

There are two methods that can be used to determine which is the preferred option
when the NPV and IRR conflict with each other. The first method is incremental
analysis, which is the analysis of the difference between the two projects. In other
words, the cash flows for the one project are subtracted from those for the second,
and the NPV and IRR of this “incremental project” are determined. The second
method is that in which the cash flows for the two projects are adjusted so that they
are both equivalent by borrowing money.

Both of these methods of determining the preferred option are demonstrated in
the following example.

Example 6.16: Shareholder wealth.

Consider two projects, each with the cash flows given in Table 6.25.

Table 6.25 Cash flow profile for two projects

Year Project A Project B

0 -17,500 —17,500
1 20,000 0
2 5,000 28,000
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(i) If the company’s discount rate is 10%, determine the NPV and IRR for each project.
(i)  Determine the NPV and IRR of the difference between the two projects.

(iii)  If it was argued that Project A was the preferred option because it generated cash
early, which could be used for other investments, show that this is not a valid argu-
ment if maximizing shareholder value is the goal.

(iv)  What is the wealth created for the shareholders?

Solution:

@) The calculation of the NPV at a discount rate of 10% is shown in Table 6.26 below.
The IRR for each option is found by trial and error, and is also shown in Table 6.26.

On the basis of NPV, project B is preferred. On the basis of IRR, project A is pre-
ferred.

(i)  Incremental analysis involves the subtraction of the cash flows of one project from
those of the other, and determining the NPV and IRR for the incremental project. For
the analysis of this problem, the incremental analysis is performed on the difference
between project B and project A.

The incremental cash flows for the two projects and the NPV and IRR for the incre-
mental cash flows are given in Table 6.27.

The result for the NPV means that value created by project B exceeds that created
by project A by 826.4, so choose B. The IRR of the incremental cash flows exceeds
the specified rate (in this case, 10%), so choose project B.

(iii)  Project A delivers cash flow earlier, and the argument may be made that this is a sig-
nificant factor in the choice between projects. This earlier cash can be used for other
profitable opportunities. However, the project cash flows can be made equivalent by
borrowing the cash at the company’s discount rate and investing the borrowed money
in the external opportunities. In year 2, the borrowed amount and the interest owed
need to be repaid. If the cash flows were made equivalent on this basis, the cash flows
for the two projects would be those shown in Table 6.28.

Table 6.26 Calculation of the NPV and IRR for the projects

Year Project A Project B Discount factor PV (A) PV (B)

0 -17,500  —17,500 1.000 —-17,500 —17,500
1 20,000 0 0.909 18,182 0
2 5,000 28,000 0.826 4,132 23,140
NPV 4,814 5,640
IRR 3539%  26.49%

Table 6.27 Incremental cash flow analysis

Year B-A Discount factor  PV(B-A)

0 0 1 0

1 —20,000 0.909 —18181.8

2 23,000 0.826 19008.3
NPV 826.4

IRR 15%
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Table 6.28 Adjusted cash flows

Year  Adjusted cash flow Explanation
0 —17,500 Investment
1 20,000 Loan
2 6,000 Earnings less loan repayment =
28,000—20,000—0.1(20,000)
NPV 5,640
IRR 39.96%

The NPV of the adjusted Project B is still 5,640 as it originally was, but now the com-
pany has the additional capital earlier for investment in other opportunities. Project
B still dominates. The /RR for the adjusted cash flow for Project B now exceeds that
for Project A, emphasising that Project B is the better option.

(iv)  The shareholder wealth created, measured at the present, is the NPV for each project.
Measured at the end of the project’s life, this is the terminal value. The terminal value
for each of the projects is calculated from the following expression:

n
V=Y CF,(1+k)
t=0
where TV represents the terminal value.

The terminal value, calculated in this fashion, is equal to 6,407 for Project A and
7,507 for project B. These results clearly indicate that NPV is the better decision
criterion, since it is the criterion that results in maximum shareholder value either
now or at the end of the project.

The NPV is the method that is preferred in all cases. It is the method that meas-
ures the contribution of the project to shareholder value. It is easy to interpret,
has the least disadvantages and incorporates the least number of assumptions. The
strongest point in its favour is that it is not easy to apply it incorrectly. This is not
true of the other measures, in which there are situations that are commonly found
where the method can be misapplied.

6.4.3 The Reinvestment Assumption in the NPV and IRR

It is commonly stated that the reason for the conflict between the NPV and IRR
methods under some conditions is a result of the “reinvestment assumption.” In this
section, it is argued that the reinvestment assumption does not exist. The equation
for the NPV was presented as Equation 6.3. The IRR is essentially a special case of
the NPV, that is, the value of the discount rate, k, when the NPV is zero.

There is no assumption in the discounting formula concerning the reinvestment of
proceeds. Neither is there an assumption concerning the reinvestment of the interest
earned in the period between the time at which the cash flow occurs and the end of
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the project. This is because the cash flows are discounted to the present in both the
NPV and IRR formula.

The NPV formula is not concerned with the way in which the cash flow that is
generated by the project is used. The mathematical procedure of discounting simply
determines the value of that cash flow at the present. If that cash flow received at
a particular time was invested in some other venture, or even wasted, it does not
make any difference to the value of the NPV, or by extension, to the IRR.

The reinvestment assumption is investigated further by considering a project with
a cash flow profile shown in Figure 6.12. The discount rate for each period is differ-
ent from that in the other periods.

The future value of the project can be calculated from the cash flow profile. This
is given by the following expression:

FV = CFy(14+k)(14+k2)(14k3) + CF1 (1 +ka)(1 +k3) + CF> (1 + k3) + CF3

The future value of the project is the sum of the values of the cash flows earned
during each period invested at the discount rate that the project earns for each period.
The future value clearly contains a reinvestment assumption. The future value of the
projects is also the present value of the project invested at the project rate of return
until the end of the project. This is given by the expression:

FV=NPV(1+k)(+k)(1+k3)

Since the future values should be equivalent, these two expressions can be equated,
given as follows:

NPV(1+k1)(1 +k2)(1 +k3) = CFo(1 + k1) (1 +k2) (1 +k3)
+ CFi(1+k2)(1 +k3) + CF2(1 +k3) + CF3

The simplification of this expression leads to the following expression for the NPV:

CFy n CF» n CF3
(I+k) A+kpA+k)  (I+k)A+k)(1+k3)

NPV = CFy+

This is simply the usual formula for the NPV, given by Equation 6.3. None of the
cash flows are reinvested beyond the period at which they occur. Each cash flow
is reinvested at the period rate, and then discounted back at the same rate, which
eliminates the reinvestment of the cash flow. This analysis clearly shows that the

0 K 1 K, 2 K 3

1 1 1
T T T t >

CF, CF, CF, CF,

Figure 6.12 The cash flow profile for a project with a life of three periods
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reason for the conflicting recommendations of the /RR and NPV methods is not the
“reinvestment assumption,” as stated in many texts, but a result of the difference in
the cash flow profiles that leads to a Fisher intersection.

6.5 Case Study: Decision Criteria

Consider a project with the cash flows given in Table 6.29.

Compare the various decision criteria with respect to their recommendation con-
cerning the project if the discount rate is 12%.

Solution:

Table 6.30 below shows the calculation of the different criteria for the assessment
of the project.

Table 6.29 Cash flows for a project

Year Project A

0 —15,000
1 3,000
2 3,000
3 3,000
4 3,000
5 3,000
6 3,000
7 3,000
8 3,000
9 3,000
10 3,000
11 3,000
12 3,000

Table 6.30 Calculation of the various assessment criteria

Year Project A Discount PV(A) Compound FV(A) CF for Cumulative Cumulative

factor factor MIRR CF DCF

0 —15,000 1.000 —15,000 0.00 0 —15,000 —15,000 —15,000
1 3,000 0.893 2,679 3.478 10,436 0.0 —12,000 —12,321
2 3,000 0.797 2,392 3.105 9,318 0.0 —9,000 -9,930
3 3,000 0.712 2,135 2.773 8,319 0.0 —6,000 —7,795
4 3,000 0.636 1,907 2.475 7,428 0.0 —3,000 —5,888
5 3,000 0.567 1,702 2.210 6,632 0.0 0 —4,186
6 3,000 0.507 1,520 1.973 5,921 0.0 3,000 —2,666
7 3,000 0.452 1,357 1.762 5,287 0.0 6,000 —1,309
8 3,000 0.404 1,212 1.573 4721 0.0 9,000 -97
9 3,000 0.361 1,082 1.404 4,215 0.0 12,000 985
10 3,000 0.322 966 1.254 3,763 0.0 15,000 1,951
11 3,000 0.287 862 1.120 3,360 0.0 18,000 2,813

12 3,000 0.257 770 1.000 3,000 72,399 21,000 3,583
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The explanation of the different columns in the table in the order of the columns
is as follows:

1) Problem definition.

(i1) Problem definition.

(iii) The discount factor, 1/(1+k)’, where 7 is the year and k is the discount rate,
which is 12%.

@iv) The present value of the cash flow occurring at year ¢. This is given by the
value in column 2 multiplied by that in column 3.

) This is the compound factor between the current year in the row and the end
of the project. The compound factor is used to determine the future value of
a cash flow, and in defined as (1+k)"~7, where n is the life of the project,
is the year and £ is the discount rate.

(vi) The future value at the end of the project of the cash flow at year ¢. This is
obtained by multiplying the values in column 2 with those in column 5.

(vii)  The cash flow profile to determine the MIRR. It consists of the initial in-
vestment, which remains unchanged from column 2, and the terminal value,
which in this case is the sum of the future values at the end of the project
of all cash flows except the initial capital investment. The terminal value is
thus the sum of the values in column 6. All values in between this initial
capital investment and the terminal value are zero.

(viii)  Column 8 is the cumulative cash flows, that is, a running total of the values
in column 2.

(ix) Column 9 is the cumulative discounted cash flows, that is, a running total of
the values in column 4.

The net present value is the sum of the values in column 4. The internal rate of
return is obtained by changing the discount rate until the net present value is zero.
The profitability index is obtained from the NPV and the investment in fixed capital
in year 0, and the MIRR is the IRR using column 7 as the cash flow profile. The
results of these calculations are given in Table 6.31.

The payback period and the discounted payback period can be obtained from
columns 8 and 9, respectively. The values in these two columns are plotted in the
Figure 6.13.

The recommendation for the project is that it should be accepted because the
NPV is positive, the IRR is greater than the discount rate, the profitability index
is greater than one and the MIRR is greater than the discount rate. The payback

Table 6.31 Assessment measure for the project

Measure Value
NPV 3,583
IRR 16.9%
PI 1.239
MIRR 14.0%
Payback period 5.0 years

Discounted payback period 8.0 years




6.5 Case Study: Decision Criteria 197

25,000

20,000 1
15,0001
10,0001 Payback

5,000 1 \

0

-5,000 1 \

-10,0007 Discounted
Payback

Cumulative CF or DCF

-15,0001

-20,000

0 2 4 6 8 10 12 14
Years

Figure 6.13 The cumulative cash flow and discounted cash flow for the project, indicating the
payback period and the discounted payback period

period of 5 years and the discounted payback period of 8 years are more difficult to
interpret. One way is to say that these payback periods are shorter than the life of
the project and hence the project should be recommended for acceptance.

It is interesting to compare the NPV, the IRR and the MIRR. These measures for
the assessment of a project are plotted as a function of the initial capital cost or
investment in Figure 6.14. These results indicate that the NPV is a linear function
of the initial capital cost, while the /RR and the MIRR are dependent in a non-linear
manner on the initial capital cost. The /IRR and the MIRR are equal to one another
when the NPV is zero, that is, when the discount rate is equal to the IRR. As the
initial capital cost gets smaller, the /RR gets very large. It is in highly profitable
ventures that the IRR becomes substantially different from the MIRR.
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Figure 6.14 The effect of the initial capital cost on the NPV, the IRR and the MIRR
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6.6 Survey of the Most Used Criteria

Most companies make their capital budgeting decisions with the assistance of dis-
counted cash flow techniques. Graham and Harvey (2001) found that about 75%
of the chief financial officers surveyed said that they always or almost always used
NPV and IRR techniques. These results are compared with those of other techniques
in Figure 6.15.

The methods that have not been discussed in this chapter are P/E Multiples, Real
Options, Simulation/Value at Risk, and Adjusted Present Value. The last three are
discussed in more detail in later chapters. P/E Multiple are price earnings multi-
ples, in which the value of an investment is divided by the earnings of the invest-
ment. This is similar to the method of valuing the price of a share on the stock ex-
change.

Perhaps surprising of these results is the continued popularity of the payback
method. This rule of thumb provides a measure that is easy to understand and to
implement. The other surprising result was the use of real options, which is a tech-
nique that employs much more complex mathematics than any of the techniques
discussed in this chapter. The application of real options to capital projects is exam-
ined in Chapter 15.

Similar surveys to that of Graham and Harvey have been published in the past.
In the 1950s, the payback period and the return on investment dominated the other
methods. With the passage of time, both these methods decreased in usage as the
primary technique used for decision-making, to be replaced mainly be the /RR. By
the 1980s the internal rate of return and the net present value were popular choices
as the primary technique for decisions on capital expenditure. These surveys suggest
that managers preferred IRR to NPV during this period. In contrast, the academic
literature, dating back to Fisher’s work over a century ago, is overwhelmingly in
favour of NPV. The results shown in Figure 6.15 indicate that the NPV has increased
in usage to the point now where both /RR and the NPV are used equally.

Adjusted Present Value

|
Profitability Index :]
Simulation/VAR 1 I
Accounting Rate of Return :
Real Options :

Discounted Payback
P/E Multiples |
Payback 1 I
NPV

1
IRR 1

0% 10% 20% 30% 40% 50% 60% 70% 80%

Percentage of CFOs who always or almost always use a given technique

Figure 6.15 The results of the survey by Graham and Harvey (2001) of the popularity of various
decision-making criteria
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6.7 Summary

The main assessment or decision criteria for the evaluation of projects have been
discussed in this chapter. Two of these criteria, the payback period and the return
on investment, do not account for the time value of money, while all the others do.
The discounted cash flow techniques are either absolute or relative. The absolute
techniques, such as the NPV, provide an absolute measure of the value created by
the project. Relative measures, such as the /RR, determine the returns to the project
compared with the investment size.

The payback period is the time it takes for the cash in-flows to accumulate to the
amount of the original investment. At this point the investor breaks even in the sense
that the investment has returned all the money originally invested in the project. This
measure has the advantage that it is easy to compute and intuitively easy to interpret
in terms of the risk that the project entails.

The return on investment is the measure devised at Du Pont for the purposes of
making capital-budgeting decisions. There are a number of ways of defining the
return on investment, such as the annual profit divided by the original investment.
The method is easy to compute and historically it has been of great benefit to its
users.

The discounted cash flow techniques that are discussed are the net present value,
internal rate of return, the profitability index, equivalent annual charge, the modified
internal rate of return and the discounted payback period. The benefit-cost ratio
is the same as the profitability index. These methods all provide insight into the
performance of a project. However, they do not all recommend the same choices.

The net present value is the only method that is clearly aligned with the goals
of financial management: to create value for the investors in or owners of the com-
pany. The net present value is straightforward to interpret: it measures the absolute
value in today’s terms of the value added to the company by the project. Another
advantage is that is has a built-in decision point: if the net present value is greater
than zero, it creates value for the project’s owner and if it is less than zero it destroys
value for its owner. A disadvantage of the net present value is related to the choice
of the discount rate, which is the subject of much discussion in later chapters.

The profitability index is a relative measure of the anticipated performance of
a project. It is defined as the ratio of the present value of the cash generated by
the project to the present value of the cash invested in the project. This measure
is the same as the benefit-cost ratio. If the cash generated by the project exceeds
the cash consumed by the project, the profitability index will be greater than one,
and the project is acceptable. If the profitability index is less than one, it should
not be recommended. The disadvantage of the method is the choice of discount
rate, and the comments made on this topic in the previous paragraph are applicable
here.

The internal rate of return is a relative measure of the anticipated performance
of the project. The internal rate of return is the value of the discount rate when
the net present value is zero. It has the advantage that the discount rate need not
be provided. However, there is no in-built decision point that specifies whether the
investment is acceptable or not. The project’s owners or the financial managers need
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to specify an acceptable rate, which is often referred to as the hurdle rate. If the
project has an internal rate of return greater than the hurdle rate, it is recommended,
otherwise not. The internal rate of return can be interpreted by analogy with the yield
on a bond or the interest rate on an amortized loan. This “interest rate interpretation”
has enormous intuitive appeal. There are several disadvantages to the internal rate
of return. It does not rank projects in a manner consistent with the net present value.
In addition, the internal rate of return is undefined for projects only involving costs.

The modified internal rate of return is the same as the internal rate of return, ex-
cept that cash in-flows from the project are reinvested at the project owner’s discount
rate to the end of the project.

The discounted payback period is the same as the payback period, except that
the cash flows are discounted to their present values prior to the determination of
the payback period.

The equivalent annual charge distributes the value of the project as a uniform
series over the life of the project. It is mathematically equivalent to the payment re-
quired on an amortized loan, or the payment on an ordinary annuity. It can be used
to determine the charges required, in addition to the normal operating expenses, in
order to pay for the capital cost of the project. In this form, it may be called the cap-
ital recovery factor. The equivalent annual charge is often used to choose between
mutually exclusive projects, for example, equipment replacement decisions. If the
equivalent annual charge is used to compare projects of unequal lives, as is often
recommended, then an additional assumption is introduced that the project can be
replicated with the same cost structure.

6.8 Looking Ahead

The application of the decision criteria to a variety of situations is discussed in the
next chapter.

6.9 Review Questions

1. What does net present value mean? What does it measure?

2. Are the net present values of projects owned by different companies equal to
the sum of their net present values?

3. Must the project lives of alternatives be the same in order to use the equivalent
annual charge?

4. What does the internal rate of return mean?

5. Which of the discounted cash flow techniques is consistent with the goal of
financial management?

6.  What is the reinvestment assumption?

7. Under what conditions will the net present value and the internal rate of return
conflict with one another?
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8.
9.

10.

1.
12.
13.
14.

Why could the internal rate of return have multiple values?
What is the basic concept behind the modified internal rate of return?

When will the modified internal rate of return be equal to the internal rate of
return?

What are the assumptions concerning the profitability index?
Discuss the difference between annual worth and the capital recovery factor.
What is the preferred method for evaluating projects? Explain your answer.

Provide arguments for and against on whether projects should be ranked on
the basis of IRR.

6.10 Exercises

3.

Which do you prefer: $5,500 cash now, or $1,200 each year for five years?
Assume a discount rate of 10% pa. Use as many of the assessment criteria as
possible to determine your answer.

A proposed expansion has the following cash flow profile:

Year Cash flow

0 —100
1 50
2 60
3 70
4 200

Calculate the payback period, the NPV, the PI, the EAC, the discounted pay-
back period and the IRR for this project if the discount rate is 7%.

Consider the following two projects:

Year Project A Project B

0 —20,000  —40,000
1 10,000 20,000
2 10,000 20,000
3 10,000 20,000

(i) Compare the two projects using NPV and IRR if the required rate of
return or discount rate is 11%.
(ii)) Explain why the IRR cannot distinguish between these two projects?

Consider the cash flow profile of the following two cost saving projects:

(i)  Determine the NPV and EAC for the projects and recommend a choice
of projects based on these criteria. The discount rate is 13%.
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Year Project A Project B

0 —20,000  —40,000
1 —10,000  —20,000
2 —10,000  —20,000
3 —10,000  —20,000

(i) Explain why the /RR cannot be used to choose between these projects.

A company is considering a project with the following contributions to its
cash flow profile:

Amount

Capital investment $50 million
Revenue (per year) $35 million
Expenses

Raw materials (per year) $13 million

Salaries and wages (per year)  $3 million

Maintenance (per year) $1 million

Utilities (per year) $2 million

If the company’s discount rate is 10%, determine the following:

@) Determine the tax paid if the tax rate is 35%, and the capital is depre-
ciated for tax purposes on a straight-line basis over ten years.

(i)  Determine the working capital and the change in working capital if
the days receivable is 45 days, the days payable is 30 days and the raw
materials inventory days is 25 days. Assume that all the working capital
is released in the tenth year.

(iii) Determine the free cash flow for the 10-year duration of this project.

(iv) Determine the NPV and the IRR for this project.

(v)  Determine whether this project meets the company’s investment cri-
teria.

A company owns office buildings that it lets to tenants. A particular building
that cost $40 million has 7,500 m? of office space. The building is expected to
last for 30 years. The maintenance costs are $2 million each year. If the com-
pany’s discount rate is 15%, determine the annual revenue that the company
must make from rentals in this building in order to meet its investment crite-
rion that the NPV must be greater than $1 million. Determine the minimum
rental per square metre that the company must charge to meet this investment
criterion.

A municipality has rehabilitated an old quarry into a rather challenging golf
course. The cost of building the golf course was $15 million and annual main-
tenance is expected to cost $2 million. If the golf course attracts 5,000 golfers
a month, what fees should the course charge in order to meet the cost of fi-
nance, which is estimated to be 8% pa, over a period of 25 years.
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8.

10.

11.

12.

13.

14.
15.

A project has a capital cost of $100,000 and annual maintenance costs of
$20,000. The salvage value of the project at the end of 5 years is $30,000.
Determine the total costs as an equivalent annual charge for the project if the
discount rate is 20%.

A project has revenues of $40,000 and expenses of $20,000. The capital in-
vestment for the project is $75,000. Determine the EAC, NPV and the IRR for
this project if the project has a life of 15 years and the company’s discount
rate is 15%. Recommend whether the company should invest in this project.

You wish to make an endowment to your university that would pay for the
annual costs of tuition for a less privileged student. The costs are $10,000 per
year and the endowment earns 5% pa after inflation. How much money must
you pay as a lump sum if the endowment is to last 50 years?

The interest rate on a mortgage loan for a house that cost $500,000 is 7%
pa. The repayments are paid monthly and the term of the loan is 30 years.
Determine the monthly repayments. Determine the total interest paid during
the term of the loan.

Two alternative routes for a road are being considered. The costs for these
alternatives are given in the following table:

Project A Project B

Road construction $100 million  $200 million
Road maintenance (per year) $7.5 million  $4 million

If the discount rate is 10%, determine the following:

(i) The EAC and NPV of the two alternatives if the projects have a life of
25 years.

(i) If only one of the two can be chosen, recommend the most economical
choice.

A project has the following costs and returns:

Amount
Capital investment $100,000
Operating costs (per year) $20,000
Revenue (per year) $40,000

Salvage value after 15 years $10,000

Determine the /RR for this investment.
Explain the difference between capital recovery and depreciation.

Derive the expression for profitability index given by Equation 6.6 from Equa-
tion 6.4.
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16.

17.

18.
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A project with a life of 5 years has an EAC of 1,000. If the discount rate is
10%, determine the NPV of the project.

A company wishes to invest $1,000 in a project that is indefinite. If the com-
pany’s discount rate is 10%, determine the annual return that the company
must make to justify the investment.

Parents need to save for their children’s education. Current costs of a year’s
tuition and living expenses are $15,000. The average degree is four years long.
The average interest rate that the couple can get on their investments is 7%,
and college fees are expected to rise by 7% per annum over the period. If
the child has just been born, and college education will begin when the child
is eighteen, how much money must the couple save each year to meet this
expense.



Chapter 7

Mutually Exclusive, Replacement
and Independent Projects

7.1 Classification of Asset Allocation Decisions

Although the pattern of usage is changing to favour NPV as the primary decision cri-
terion, IRR was favoured over other discounted cash flow techniques in the past. One
of the drawbacks of IRR is that if the investment is driven by cost considerations, like
those of equipment replacement choices, the /RR is undefined. As a result, in classi-
fying projects, there was a primary split of investment types into “revenue-producing
investments” and “service-producing investments.” Revenue-producing investments
are conventional projects that generate cash flows, and all the discounted cash flow
techniques, including IRR, are applicable. Service-producing investments involve
the saving of cost, and because /RR is inapplicable, different techniques are needed.
Of course, this distinction between revenue-producing and service-producing alter-
natives is not required if NPV is the preferred criterion.

Projects are also classified on the basis of the decision that is required. Rev-
enue and service-producing alternatives might be mutually exclusive, or mutually
non-exclusive (independent). Only one option can be chosen from alternatives that
are mutually exclusive, while several options can be adopted from alternatives that
are mutually non-exclusive. As discussed in Chapter 2, independent projects re-
quire yes/no decisions, while mutually exclusive projects require either/or deci-
sions. Service-producing projects are about cost savings, which by definition im-
plies a comparison between alternatives. Because service-producing alternatives are
always regarded as requiring a choice between alternatives (either/or decisions),
they are always mutually exclusive.

The classification of projects adopted in this chapter is shown in Figure 7.1.
Projects are separated into mutually exclusive and independent projects. The mu-
tually exclusive options are usually of two types: replacements, which are projects
in which there is a current incumbent, or projects in which there is no current incum-
bent. There is no need to further classify independent projects for the application of
the assessment criteria.

205
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Replacements

Mutually
Exclusive

Projects Projects

Independent

Figure 7.1 Classification of projects

In a company setting, projects can be distinguished on a completely different
basis, such as the distinction between mandatory or discretion projects.

In the sections that follow, the application of the evaluation criteria to indepen-
dent (or non-mutually exclusive) and mutually exclusive decisions will be discussed.
Because different criteria are used in different companies, it is important to be fa-
miliar with all of the decision criteria.

7.2 Mutually Exclusive Alternatives

Mutually exclusive options are those requiring a decision between options, where
one of the options is required. These are very common decisions in practice. Re-
placement decisions, where the decision is to replace an item now or later, fall into
this category. Trade-off studies, where a decision is needed on the sizing or the ma-
terials of construction, are also of this type.

An example of a mutually exclusive replacement decision is the following. A fil-
ter is nearing the end of its life and the costs of annual maintenance and unplanned
maintenance are increasing. Does management choose to replace the filter now or
later? The options are: (i) stay with the current e