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Preface

For any potential infrastructure or asset, such as investments, it is necessary to
establish viability, both in monetary and nonmonetary terms. Infrastructure
and assets here refer to buildings, roads, bridges, dams, pipelines, railways
and similar, and facilities, plants, equipment and similar. Nonmonetary
issues have, for example, social, environmental and technical origins.

Future demand and future costs for infrastructure and assets generally
are uncertain in both timing and magnitude. As well, other investment
viability analysis input such as interest rates are similarly uncertain. The
book provides the methodology by which the viability of infrastructure or
any asset may be appraised as investments, given future uncertainty.

In comparison, most conventional and existing practices ignore uncer-
tainty or attempt to include it in deterministic (that is, assuming certainty)
ways, often nonrationally. For example, using interest rates adjusted for
investment uncertainty is common practice, as is sensitivity analysis.
Business-as-usual might be assumed to repeat in the future, even though
everyone knows this is not true, but it is convenient for people to assume
so, and because usable approaches incorporating true uncertainty have
heretofore been unavailable. Even climate change is commonly treated
deterministically in existing approaches.

The book has particular applicability for decision makers presently
struggling with analyzing investments with uncertain futures, including
the impact of climate change and the possible use of adaptive and flexible
solutions, capable of responding to changed futures, and how such uncer-
tainty impacts the future performance of these investments.

The book represents an original contribution to investment viability
analysis under uncertainty. Existing texts have not ventured into this
territory, but have rather stayed with restrictive deterministic treatments.
Additionally, the book gives a very systematic and ordered treatment of
its subject matter. The level of required mathematics is no more than that
which is familiar to undergraduates.

The formulations given provide interesting insight into investment viabil-
ity calculations and will be of use to practitioners engaged in investigatory

xi



xii Preface

work, especially those looking at investment risk. The material presented
on options analysis opens this area to all users, breaking the confines of
existing financial options analogies.

The book will be of interest to students, academics and practitioners
dealing with decision making on infrastructure, assets and like investments.
It will be of interest to those engaged in investments, and the analysis of
real options and financial options. The content is presented in straightfor-
ward terms in order to ensure as wide a readership as possible.

The book leads the reader through a structured flow, from a systematic
treatment of conventional deterministic approaches to a complete proba-
bilistic treatment incorporating uncertainty.
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Chapter |

Introduction

1. APPRAISAL

The appraisal of potential infrastructure or assets, as investments, looks
at the benefits and costs of everything related to the investments, both
now and into the future. Common benefits include ongoing rental or
product sales, and salvage or residual value at end-of-life. Common costs
include initial capital cost; ongoing operation and maintenance costs;
refurbishment, renovation or retrofitting costs; and disposal costs at
end-of-life. Infrastructure and assets here refer to buildings, roads, bridges,
dams, pipelines, railways and similar, and to facilities, plant, equipment
and similar. An appraisal of a potential investment assists in

* (For a single investment, or for each investment) Establishing whether
it is worthwhile proceeding with the investment. In other words, is
the investment viable?

o (For multiple investments) Selecting between alternative investments
(preference). In other words, which is the best investment?

Other names for appraisal include evaluation, study, analysis, feasibility
study, benefit—cost analysis, and cost-benefit analysis. Of the last two
names, engineers tend to use the second last version and stress the benefits
side of the equation, much as engineers prefer to look at a glass half full,
rather than half empry. '

An appraisal involves consideration of issues that are

e Financial
» Nonfinancial (for example, environmental, social and technical)

That is, benefits and costs can be wider than just money. The social
and environmental issues might be called intangibles and will have units
of measurement that are not money. The units of measurement of ben-
efits and costs need not be money, though many people find it hard or
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impossible thinking of units of measurement other than money. This
rigidity in thinking is changing with time as environmental and social
issues become more dominant in the eye of the public and start to enter
people’s thinking.

An appraisal can be carried out for every stakebolder involved in a poten-
tial investment. The data feeding into each stakeholder appraisal, of course,
will be different depending on the concerns of the stakeholder. That is,
it is possible for each stakeholder to come to a different conclusion as to
viability and to the preferred investment. This raises serious issues of how
the different viewpoints of different stakeholders are resolved, particularly
in any investment that impacts on the public and on public interest (pres-
sure) groups.

A financial appraisal would generally only involve items that can be
expressed directly in money units and that affect the balance sheet and
cash flow (money coming in and money going out) of the stakeholder.
Typically, financial appraisals are done by the private sector. An economic
appraisal, on the other hand, involves intangibles comprising environmen-
tal and social concerns, technical performance and so on, as well as the
direct money items. An attempt may be made to put a monetary value on
social and environmental items, but this is controversial. Typically, eco-
nomic appraisals are done by the public sector. In some circumstances,
a financial appraisal might be regarded as a special case of an economic
appraisal. But there are multiple uses of the terminology. The mathematical
manipulations for the financial and economic appraisals are the same if the
intangibles are converted to money equivalents. Commonly, all benefits and
costs are converted to a money unit for convenience, though the rationale
behind this conversion is questioned by many people. The material in this
book refers to both of what might generally be called economic appraisals
and financial appraisals.

1.2 OUTLINE

This book gives the tools necessary for the appraisal of investments in
infrastructure and other assets. The emphasis in this book is on dealing
with uncertainty in investments (Part II: Probabilistic). However, it is con-
sidered that an introduction to deterministic analysis (Part I: Deterministic)
is useful for understanding purposes. Most people learn by going from the
particular to the general, and hence understanding Part I represents a nec-
essary step in order to understand Part II.

‘The term “probabilistic” implies some variability or uncertainty.
“Deterministic”, on the other hand, implies certainty. Deterministic vari-
ables are commonly described in terms of their mean, average or expected
values. Probabilistic variables are commonly described in terms of probability
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distributions, or if using a second order moment approach, in terms of expected
values and variances (standard deviation squared); the variances capture
the variability information or uncertainty. Risk, for example, only exists
in the presence of uncertainty, and hence risk approaches are probabilistic.
With certainty, there is no risk. Generally, determinism is simpler to deal with
and, wherever possible, people simplify from probabilistic to deterministic
approaches’ (Carmichael, 2013).

1.2.1 Part l: Deterministic

Part I is a stepping stone to Part II. It introduces many of the necessary
terms used in investment appraisal. It discusses interest (and discount) rate
matters, including compound interest for single and series amounts. A brief
review of the concepts of compounding and discounting, and discounting
equations is given. This leads to the various measures of appraisal, all of
which rely on the time value of money. Information on investment viability
and preference and the use of discount or compound interest equations in
the various measures of appraisal is given. Last, Part I looks at issues to
do with the choice of interest (and discount) rates, inflation, nonfinancial
matters, sensitivity and benefits. A discussion of how investors treat uncer-
tainty within a deterministic framework is given. Broadly, all these topics
might be identified as belonging to what is called discounted cash flow
(DCF) analysis.

1.2.2 Part ll: Probabilistic

Part II extends the deterministic investment analysis of Part I to explicitly
include uncertainty, and to include it in a proper way, rather than by adjust-
ing deterministic thinking in an ad hoc way. This implies a probabilistic
formulation as the most rational way forward. The material covers analysis
involving probabilistic cash flows, interest rates and investment lifespans,
and shows how this can also be used in the valuation of options. The
favoured and adopted way of incorporating uncertainty into the analysis
in this book is through a second order moment approach where variables
are characterized solely in terms of their expected values and variances,
thereby not requiring information on probability distributions, which in
most applications would not be available.

1.2.3 Common formulation

The common probabilistic formulation given in this book covers many

applications, with each application naturally specializing it in different

ways. Any investment is converted to a collection of cash flows. A spread-
sheet is all that is needed to perform the calculations.
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Consider a general investment, with possible cash flows extending over
the life, n, of the investment. Let the net cash flow, X, at each time period,
i=0,1,2,...,n, be the result of a number, k = 1, 2, ..., m, of cash flow com-
ponents, Y, which can be both revenue and cost related. That is,

X=Y, + Yo +..+Y (1.1)

where Y, 1=0,1, 2, ..., n; k =1, 2, ..., m, is the cash flow in period i of
component k.

Introduce a measure called present worth (PW), which is the present-day
value of these future cash flows. As shown in Chapter 2, the present worth
is the sum of the discounted X,,i=0, 1, 2, ..., n, according to,

n Xi i »
PW = ;[(Hr)‘] (1.2)

where r is the interest rate (expressed as a decimal, for example a rate per
period of § % is expressed as 0.05). The term ‘discounting’ (and the related
‘discounted’) refers to converting future cash flows to their present-day
value through the medium of the interest rate, which reflects the time value
of money. A measure such as PW may be used to establish investment via-
bility, and for selecting (preference) between alternative investments.

From this, information on PW, other measures such as internal rate of
return (IRR), payback period (PBP) and benefit:cost ratio (BCR) can be
derived. These other measures may also be used to establish investment
viability, and for selecting between alternative investments. All of this is
explained in detail throughout the book.

Equations (1.1) and (1.2) can be used for both the deterministic and
probabilistic cases. For the probabilistic case, Y, X,, r, n, PW, IRR, PBP
and BCR become random variables. For the deterministic case, however,
this formulation is perhaps more formal than it needs to be. For the deter-
ministic case, many people find it more convenient to think in terms of
benefits (B) and costs (C) rather than cash flow components (Y) or cash
flows (X).

The obtained information on measures such as present worth and inter-
nal rate of return feed into the decision making regarding investments.
As such, these measures might be used as objective functions, or inter-
preted as constraints to be satisfied in the relevant decision-making process
(Carmichael, 2013). When viewed as objective functions, what is desired
is that investment that maximizes or minimizes, as the case may be, the
measures of PW, IRR, PBP and BCR. When viewed as constraints, what is
desired is an investment that is less than or greater than, as the case may be,
given values of these measures.




