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Preface
Engineering Economics can be described as a discipline that addresses the dynamic environment

of engineering problem solving using economic calculations and principles. It is a basic skill that any
successful engineering firm needs to employ in order to retain competitive advantage and market share
in the growing competitive market. In the era of a globalized economy and increasing economic
complexity, engineers are now required to have an in-depth understanding of the markets and how
changes in these markets affect the bottom line of their organization. Some of the economic concepts
relevant for efficient decision-making include interest rates required to increase or sustain levels of
capital stock, opportunity cost, net present value for calculating the value of investments, basic cost
and revenue analysis, elasticity and more. Once the importance for learning engineering economics is
understood and appreciated for the 21st century engineers, it becomes apparent that this field will play
a growing role in shaping successful engineers.

Engineering economics is a topic that all industry bound students should learn because of its real
world applications. The interdisciplinary nature of the topic offers key insight into the underlying
mechanisms that drive daily business operations. It has been noted by renowned engineer John Hayford
that engineering economics “help to develop the very valuable habit of thinking in terms of groups
rather than of individuals.” By understanding and implementing the outcomes, framework and tools of
engineering economics, future engineers can continue evolving as problem solvers and innovators.

Many colleges across the country have integrated courses in engineering economics for their
students, thereby providing them with the tools to optimize profits, minimize costs, analyze various
scenarios, forecast fluctuations in business cycles, and more. By promoting a more engaging and
holistic learning approach, students can have the opportunity to become better problem solvers. This
book is meant for engineering and management students at various levels of graduate studies. It is the
intent of this book to highlight various aspects of economics for the students in a way that maximizes
learning, as well as emphasize its importance for the modern engineer. The topics are covered both
from microeconomics and macroeconomics in a way that hones the decision-making skills of the
students in the real practical world. The chapters are arranged logically and written in a flexible
modular format. Each chapter is explained conceptually in a simplistic language followed by
application based examples and solved numerical problems. At the end of each chapter, there are
subjective, objective and numerical questions for further practice.

Objectives of the Textbook:

1. This text aims to provide sound and comprehensive coverage of economic concepts and also
address practical concerns.

2. To enable the engineer or manager towards making informed decisions in an uncertain socio-
economic environment.

3. To incorporate all critical decision-making tools that help in informed decision-making.
4. This text is for all types of engineering disciplines: industrial, civil, electrical, computer,

mechanical, aerospace, chemical, manufacturing engineering and engineering technology.
Author
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This chapter is designed to introduce the discipline of economics
to the undergraduate engineering students. The chapter delves into
the meaning and scope of economics in general and gradually builds
upon the meaning and importance of engineering economics. The
intent of this chapter is to explain how the concepts and principles of
economics help an engineer to take sound rational and optimal
decisions in the face of uncertainties and limited resources.

Definition and Meaning of Economics
The easiest way to explain the subject of economics is “economics is what economists do”.

Economists over a period of time have had differing views on the subject as a result of which the
subject has evolved over a period of time. The overall ideas on economics can be classified in four
categories:

General Definition of Economics
The English word economics is derived from the ancient Greek word “Oikonomia”, meaning the

management of a family or a household. It is thus implied that the study of economics originated in
Greece.

What was the study of household management to Greek philosophers like Aristotle (384-322 BC)
was the “study of wealth” to the mercantilists in Europe between the sixteenth and eighteenth
centuries.

The earlier term for “Economics” was “Political Economy”. It was adapted from the French
mercantilist usage of “économie politique”, which extended the term “economy” from the ancient
Greek term for household management to the national realm as public administration of the affairs of
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state. Sir James Stuart (1767) wrote the first book in English with ‘political economy’ in the title,
which expanded the scope of study of the subject to “population, agriculture, trade, industry, money,
coin, interest, circulation, banks, exchange, public credit and taxes”.

In the late eighteenth century, “Economics”, as a “study of wealth”, received great support from
the Father of Economics, Adam Smith. Over the passage of time, the focus of attention has changed
and hence different definitions have evolved.

Thus, the definitions of economics can be grouped into five schools of thought:
(a) General Definition
(b) Smith’s Wealth definition
(c) Marshall’s Welfare definition
(d) Robbin’s Scarcity definition
(e) Growth definition

Adam Smith’s Wealth Definition
Adam Smith, the great Scottish economist is credited with giving the formal definition of

economics in his epic book “An Inquiry into the Nature and Causes of Wealth of Nations”, popularly
known as “Wealth of Nations” published in 1776. According to Smith, “The great object of the
Political Economy of every country is to increase the riches and power of that country.”

Smith, like fellow mercantilists, believed that the wealth of the nation lies in the goods and
services, which command value-in-exchange1 and not in accumulation of precious metals like gold
and silver. According to him, Economics is concerned with not only generation of wealth by the nation
but also its distribution. The distribution of wealth takes place through the Smithian “Invisible Hands”,
implying the market mechanism or the price system. Other famous economists who also explained
economics as a study of wealth were John Stuart Mill (1806-73) and Nassau William Senior (1790-
1864).

Criticisms of the “Wealth” Definition
(i) This definition does not consider the major problems faced by a society or an individual and

hence was considered too narrow. Smith’s definition was based primarily on the assumption
of an ‘economic man’ who is concerned with wealth generation which is a too narrow view of
human behaviour.

(ii) According to literary figures and social reformers, the ‘Wealth’ definition branded economics
as a ‘dismal science’. The Smithian definition emphasized on the material aspect of human
life, i.e., generation of wealth ignoring the non-material aspect of human life.

(iii) The central focus of economics should be on scarcity and choice. Since scarcity is the
fundamental economic problem of any society, choice is unavoidable. Adam Smith ignored
this simple but essential aspect of any economic system.

1. Value in exchange is the amount of goods and services that can be obtained in the market in exchange for a
particular thing. It is different from Value-in use which refers to the want satisfying power of a commodity.
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Marshall’s Welfare Definition
The last decade of the nineteenth century saw a huge criticism of the Smithian definition which

led to the emergence of another school of thought under the leadership of Alfred Marshall (1842-
1924).

Alfred Marshall defined economics as “a study of men as they live and move and think in the
ordinary business of life”, in his book ‘Principles of Economics, ‘published in 1890. This definition
placed emphasis on human activities or human welfare rather than on wealth. In Marshall’s own words,
“Political Economy or Economics is a study of mankind in the ordinary business of life; it examines
that part of individual and social action which is most closely connected with the attainment and with
the use of the material requisites of well-being.”

Thus, “Economics is on the one side a study of wealth; and on the other and more important side,
a part of the study of man.” According to Marshall, wealth is not an end in itself as was thought by
classical authors; it is a means to achieving human welfare.

Following are the important features of Marshall’s definition:
(i) Economics is a social science since it studies the actions of human beings.

(ii) Economics studies the ‘ordinary business of life’ since it takes into account the money-
earning and money-spending activities of man.

(iii) Economics studies only the ‘material’ part of human welfare which is measurable in terms of
money. It neglects other activities of human welfare which are not quantifiable in terms of
money. Another great neo-classical economist A.C. Pigou’s (1877-1959) has extended the
definition of Economics as “that part of social welfare which can be brought directly or
indirectly into relation with the measuring rod of money.”

(iv) Economics is not concerned with “the nature and causes of the Wealth of Nations.” Welfare
of mankind, rather than the acquisition of wealth, should be the object of primary importance.

Criticisms of Marshall’s Definition
Though Marshall’s definition of economics was hailed as a revolutionary one, it was criticised on

several grounds.
(i) Marshall’s notion of ‘material welfare’ came in for sharp criticism at the hands of Lord Lionel

Robbins (1898-1984) in 1932. Robbins argued that economics should encompass ‘non-
material welfare’ also. In real life, it is difficult to differentiate between material welfare from
non-material welfare and so if only the ‘materialist’ definition is accepted, the scope and
subject-matter of economics would become narrow. A great part of economic life of man
would remain outside the domain of economics.

(ii) Robbins argued that Marshall could not establish a link between economic activities of human
beings and human welfare. There are various economic activities that are detrimental to
human welfare. The production of war materials, alcohol, drugs, etc., is economic activity but
does not promote welfare of any society. These economic activities are included in the
subject-matter of economics.

(iii) Marshall’s definition is aims at measuring human welfare in terms of money. But ‘welfare’ is
not amenable to measurement, since ‘welfare’ is an abstract, subjective concept. Truly
speaking, money can never be a measure of welfare.
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(iv) Marshall’s ‘welfare definition’ gives economics a normative2 character. A normative science
must pass on value judgments. It must pronounce whether a particular economic activity is
good or bad. But economics, according to Robbins, must be free from making value judgment.
Ethics should make value judgments. Economics is a positive science and not a normative
science.

(v) Finally, Marshall’s definition ignores the fundamental problem of scarcity of any economy. It
was Robbins who gave a scarcity definition of economics. Robbins defined economics in
terms of allocation of scarce resources to satisfy unlimited human wants.

Robbins’ Scarcity Definition
The most widely accepted definition of economics was given by Lord Robbins in 1932 in his

book ‘An Essay on the Nature and Significance of Economic Science’. According to Robbins,
“Economics is the science which studies human behaviour as a relationship between ends and scarce
means which have alternative uses.” Thus, neither wealth nor human welfare should be considered as
the subject-matter of economics. His definition emphasized the concept of scarcity:

Following are the major features of Robbins’ definition of economics:
1. Ends (Unlimited Wants)
2. Means (Scarce Resource)
3. Alternative Uses

1. Ends (Unlimited Wants)
Human beings have unlimited wants quantitatively and qualitatively. Wants tend to always

multiply. The nature of these unlimited wants is such that if one want is satisfied, another want arises.
Luxuries become comforts and comforts become necessities. There is no end of wants. If food were
plentiful, if there were enough capital in business and if there were abundant money and time, there
would not have been any scope for studying economics. Had there been no wants, there would not
have been any human activity. Human beings are constantly making efforts to satisfy unlimited wants
with limited resources.

2. Means (Resources)
Resources are required to satisfy the unlimited human wants.
Resources are of two types:

(i) Non-economic: Non-economic resources are air, sea, water, etc. These resources are free
gifts of nature and are unlimited in supply.

2. The concept of ‘normative economics’ is explained later in the chapter.
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(ii) Economic resources: Economic resources are the goods and services which are limited or
scarce in supply and command a non-zero price3. They are the factors used in producing
goods or services. In other words, they are the inputs that are used to create things, goods or
services. Economic resources can be divided into human resources such as labour and
management, and non-human resources such as land, capital goods, financial resources and
technology.
All economic resources are scarce. Scarcity is a relative concept. In other words, the scarcity
of a commodity is to be considered only in relation to its demand. Economics is concerned
with all the natural human and manmade resources that are used in the production of goods
and services. These resources are also called inputs or factors of production. In economics,
inputs can be categorized in four ways:
(a) Land: In economics, land comprises all naturally occurring resources as well as

geographic land. Examples include particular geographical locations, mineral deposits,
forests, fish stocks, atmospheric quality, geostationary orbits, and portions of the
electromagnetic spectrum. Supply of these resources is fixed. The earning of land is
called ‘rent’.

(b) Labour: Labour is the amount of physical, mental and social effort used to produce
goods and services in an economy in return for compensation. It supplies the expertise,
manpower and service needed to turn raw materials into finished products and services.
The earning of labour is called ‘wages’.

(c) Capital: Capital is defined as a ‘produced means of production’. It implies that capital as
a factor of production is manmade and used further in the process of production.
Examples of capital goods include buildings, machines, equipment, furniture and fixtures.
The earning of capital is called ‘interest’.

(d) Entrepreneur: An entrepreneur (producer) is someone who has the capacity and
willingness to develop, organize and manage a business venture along with any of its
risks in order to make a profit. The entrepreneur brings together the other three factors of
production namely land, labour and capital and starts the production activity to earn a
profit. The earning of entrepreneur is called ‘profit’.

According to Robbins, the unlimited ends and the scarce resources provide a foundation for the
subject of economics. Unlimited human wants and limited resources to satisfy them lead to emergence
of an ‘economic problem’. If resources were unlimited, then there would be no concept of ‘economic
goods’ and hence no ‘economic problem’.

3. Alternative Uses
The third important proposition of Robbins’ definition is that the scarce resources available to

satisfy human wants have alternative uses. For example, a piece of land can be used for the production
of crops, or building a school or making a garden. However, at a given point of time, the land can have
any single usage only. Man, therefore, has to choose the best way of utilizing the scarce resources
which have alternative uses and choices are the problems confronting to the society. The choices to be
made are:

3. The zero price effect is a phenomenon whereby the demand for a good or service is significantly greater at a price
of exactly zero compared to a price even slightly greater than zero.
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(a) What goods shall be produced and in what quantity?
(b) How to produce?
(c) How the goods and services should be distributed?

Thus, according to Robbins, economics is a ‘science of choice’. In view of this, it is said that
economics is fundamentally a study of scarcity and of the problems which arise due to scarcity. Thus,
he brings the central focus of economics on opportunity cost4 and optimisation5. This scarcity
definition of economics has widened the scope of the subject. Putting aside the question of value
judgments, Robbins has made economics a ‘positive science’. By identifying scarcity and choice as
the basic problems of economics, Robbins brought economics nearer to science.

Following are the criticisms of Robbins’ definition:
(i) Robbins does not make any distinction between goods conducive to human welfare and goods

that are not conducive to human welfare. In the production of wheat and alcoholic drink,
scarce resources are used. But the production of wheat promotes human welfare while
production of alcoholic drinks is not conducive to human welfare. However, Robbins
concludes that economics is neutral between ends.

(ii) In economics, not only are the microeconomic aspects studied like how resources are
allocated and how price is determined, but also macroeconomic aspects like how national
income is generated. But, Robbins has limited economics merely to theory of resource
allocation.

(iii) Robbins’ definition does not cover the theory of economic growth and development.

Growth Definition
Paul Samuelson, The American Nobel Prize Winner in Economics in 1970, observes:

“Economics is the study of how men and society choose, with or without the use of money, to employ
scarce productive resources which could have alternative uses, to produce various commodities over
time, and distribute them for consumption, now and in the near future, among various people and
groups in society.”

The major characteristics of the growth definition are as follows:
(a) Samuelson has made his definition dynamic by including the element of time in it. Therefore,

it covers the theory of economic growth.
(b) Samuelson stressed the problem of scarcity of means in relation to unlimited ends. Not only

the means are scarce, but they could also be put to alternative uses.
(c) The definition covers various aspects like production, distribution and consumption. Of all the

definitions discussed above, the ‘growth’ definition stated by Samuelson appears to be the
most satisfactory. Economics is, therefore, rightly considered as the study of allocation of
scarce resources (in relation to unlimited ends) and of determinants of income, output,
employment and economic growth.

4. Opportunity cost is defined as the cost of sacrificing the next best alternative.
5. Optimisation refers to finding an alternative with the most cost-effective or highest achievable performance under

the given constraints, by maximizing desired factors and minimizing undesired ones.
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Conclusion
Since the discipline of ‘economics’ keeps evolving, the definition should remain flexible.

Because of modern research, many new areas of economics are being explored. That is why the
controversy relating to the definition of economics remains and will remain so in the future. It is very
difficult to spell out a logically concise definition. In this connection, Mrs. Barbara Wotton’s remarks
may be noted: ‘Whenever there are six economists, there are seven opinions!’

Cairncross defines economics as “Economics is a social science studying how people attempt to
accommodate scarcity to their wants and how these attempts interact through exchange.” By linking
‘exchange’ with ‘scarcity’, Prof. A.C. Cairncross has added another feature to economics. However,
this definition is built upon the scarcity definition by Robbins. That is why Robbinsonian definition is
more popular. Modern economics is a science of rational choice or decision-making under conditions
of scarcity.

Thus, the lack of agreement need not affect the subject-matter of the discipline. Among
economists more generally, a particular definition presented may reflect the direction toward which
the author believes economics is evolving, or should evolve.

Economics in Daily Life
Economics is about making choices. Human beings make all kinds of choices every day. How

much should be spent on fuel? What is the best route to work? Where should one go for a vacation?
What are the merits and demerits of finishing college versus taking a job or investing in a business
startup? Which roommate should take care of washing the dishes? Can I get that dog as a pet? Should
I get married, have children, and if so, when? Which politician should I vote for when they all claim
they can improve the economy? What is “the economy,” anyway? What if my personal or religious
principles conflicts with what people tell me is in my best economic interest?

Many people hear the word “economics” and think it is all about money. Economics is not just
about money. It is about weighing different choices or alternatives. Some of those important choices
involve money, but most do not. Most of our daily, monthly, or life choices have nothing to do with
money, yet they are still the subject of economics. For example, our decisions about whether it should
be we or our roommate who should be the one to clean up the dishes, whether we should spend an
hour a week volunteering for a worthy charity or send them a little money or whether one should take
a job so one can help support your siblings or parents or save for your future are all economic
decisions. In many cases, money is merely a helpful tool, standing in for a partial way to evaluate
some of the goals one really care about and how you make choices about those goals.

One might also think economics is all about “economizing” or being efficient. That is certainly
part of what economics is about. However, there is more to it. It is known that we can save money or
time by being more efficient in our planning. A trip to the supermarket can be coordinated with a trip
to deposit a check at the bank across the street to save on gas. But we sometimes do not choose the
most efficient options. Why not? Economics is also about plumbing the depths of why we sometimes
do and sometimes do not make what seem like the most economizing or economical choices.

Is economics a science like physics or biology, or is it a social science, or even an art? What is
the difference? Can economics can give answers in face of future uncertainties? Can economic
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problems be solved by better government, more experts, bigger computers, more engineering, better
education, less government, more dispersed knowledge, more markets? How can we make informed
choices?

Scope of Economics
Economists differ in their views regarding the scope of economics. The ‘scope of economics’ is a

broad subject and encompasses not only its subject-matter but also various other things, such as its
scientific nature, its ability to pass value judgments, and to suggest solutions to practical problems.

Thus, scope includes the following five different aspects of Economics:
1. Subject-matter of economics
2. Is economics science or art?
3. Is economics positive or normative?
4. Problem-solving nature
5. Methodology of economics

1. Subject-matter of Economics
Economics can be studied through a traditional approach and a modern one.

(a) Traditional Approach
According to the traditional approach, economics can be studied under five major divisions

namely consumption, production, exchange, distribution and public finance.
(i) Consumption: The satisfaction of human wants through the use of goods and services is

called consumption.
(ii) Production: Production is a process of combining various material inputs and non-material

inputs (plans, know-how, etc.) in order to make something for consumption (output). It is the
act of creating output, a good or service which has value and contributes to the utility of
individuals. The most important forms of production are:
 market production
 public production
 household production

For production, resources like land, labour, capital and organization are needed.
(iii) Exchange: Goods are produced not only for self-consumption, but also for sale to buyers in

markets. The process of buying and selling constitutes exchange.
(iv) Distribution: The production of any commodity requires four factors: land, labour, capital

and entrepreneur. These four factors of production are to be rewarded for their services
rendered in the process of production. The land owner gets rent, the labourer earns wage, the
capitalist is given interest and the entrepreneur is rewarded with profit. The process of
determining rent, wage, interest and profit is called distribution.

(v) Public finance: It studies how the government gets money and how it spends it. Thus, public
revenue and public expenditure are studied in public finance.
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(b) Modern Approach
According to the modern approach, the study of economics is divided into two parts:

(i) Microeconomics: Microeconomics analyzes the economic behaviour of any particular
decision-making unit such as a household or a firm. Microeconomics studies the flow of
economic resources or factors of production from the households or resource owners to
business firms and flow of goods and services from business firms to households. It studies
the behaviour of individual decision-making unit with regard to fixation of price and output
and its reactions to the changes in demand and supply conditions. Hence, microeconomics is
also called ‘price theory’.

(ii) Macroeconomics: Macroeconomics studies the behaviour of the economic system as a whole
or all the decision-making units put together. Macroeconomics deals with the behaviour of
aggregates like total employment, gross national product (GNP), national income, general
price level, etc. So, macroeconomics is also known as ‘income theory’. Microeconomics
cannot give an idea of the functioning of the economy as a whole. Similarly, macroeconomics
ignores the individual’s preference and welfare. What is true of a part or individual may not
be true of the whole and what is true of the whole may not apply to the parts or individual
decision-making units. By studying about a single small-farmer, generalization cannot be
made about all small farmers, say in a given state. Similarly, the general nature of all small
farmers in the state need not be true in case of a particular small farmer. Hence, the study of
both microeconomics and macroeconomics is essential to understand the whole system of
economic activities.

2. Is Economics Science or Art?
For quite a long time, there was controversy among economists as to whether it is a science or an

art. The members of the English classical school, such as Adam Smith, T.R. Malthus and David
Ricardo, held the view that it was a pure science whose task was just to explain the cause of economic
phenomena such as unemployment, inflation, slow growth or even trade deficit. According to classical
writers, economics is simply the study of cause and effect relationship.

However, neo-classical and modern economists have pointed out that economics is both a science
and an art. Just to treat economics as a science is to rob it of its practical value. As Keynes has
commented, “Practical men……. are usually the slaves of some defunct economist.” So, economics
has both a theoretical side and a practical or applied side. In other words, economics is no doubt a
science, but it is both ‘light-bearing and fruit bearing’.

Inflation, unemployment, monopoly, economic growth, pollution, free markets versus central
planning, poverty, productivity and other current issues are all covered in the study of economics.
Economics is a problem based social science, and the problems with which it is especially concerned
are among the central issues of our times. Economics is relevant not only to the big problems of
society, but also to the personal problems, such as one’s job, wages, unemployment, the cost of living,
taxes and voting.

The accomplishments of economics have established it as perhaps the most successful social
science. No other social science has had equivalent impact in applying reason and science to the
shaping of the nation’s social destiny. No other social science has a Nobel Prize.
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3. Is Economics Positive or Normative?
Another controversial aspect of economics is whether it should remain neutral or pass value

judgments. The members of the English classical school were of the opinion that economists were not
supposed to make any normative statement or pass any value judgment on the desirability or otherwise
of the economic decisions.

This implies that economics should stand neutral as regards ends. The same view has been
reaffirmed by Robbins, who commented that the function of an economist is to explore and explain,
not to uphold or to condemn. This simply means that economists should take ends as given. Their task
is just to discover ways and means of achieving these ends.

By restricting himself to positive aspect of economic science (with its focus on resource
allocation and valuation of commodities and factors), Robbins has restricted the scope of economics.
Thus, he has also ignored macroeconomics altogether as also the problems of many developing
countries.

However, the task of economists is not just to explain why certain things happen (i.e., why there
is so much of poverty in a country in spite of planned economic development or why there is so
inequality in the distribution of income and wealth notwithstanding the prevalence of the progressive
income tax system).

It is equally vital to pass judgment as to whether certain things are good or bad from society’s
welfare point of view. For example, it is not enough for an economist to explain the present problem
of unequal distribution of income and wealth in a country. It is also the task of the economists to
condemn this phenomenon and to suggest certain measures which should be adopted by the
government to solve the inequality problem.

This means that, economics is both a positive and a normative science. While positive economics
is the scientific study of ‘what is’ among economic relationships, normative economics is concerned
with judgments about ‘what ought to be’ in economic matters based on value judgments.

4. Problem-solving Nature
The classical economists believed that economics could not solve practical problems, because

there were non-economic (social, political, ethical, religious and other) aspects of people’s lives. As
J.M. Keynes commented in 1923: “The theory of economics does not furnish a body of settled
conclusions immediately applicable to policy. It is a method rather than a doctrine, an apparatus of the
mind, a technique of thinking which helps its possessor to draw correct conclusions.”

In fact, the primary function of economists is to formulate policies and to suggest solutions to
economic problems. Knowledge of economics is essential for policymaking.

Economists can suggest solutions to society’s economic problems such as unemployment,
inflation, trade deficit and slow growth. This is why modern governments take the help of economists
for formulating monetary, fiscal and exchange rate policies. Since the 1930s, economists have moved
in the forefront of government policy analysis. Economics offers a social science with models for
organizing facts and for thinking about policy alternatives.
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5. Methodology of Economics
Economics as a science adopts two methods for the discovery of its laws and principles,

(a) Deductive method: Deductive method is also known as analytical or hypothetical method.
This method is based on the process of model building where conclusions are derived from
general principles, for example, there is a general principle that increase in the cost of inputs
will lead to increase in the price of the product. If the analysis of product pricing is based on
this principle, then the process is said to be based on deductive method. Many classical and
neoclassical economists like Ricardo, Malthus, J.S. Mill and Pigou conducted their study on
deductive method.

(b) Inductive method: A more reliable approach towards the methodology of economic analysis
was introduced by the German Historical school of Economists in the form of inductive
method. The German School was represented by famous economists like Roscher, Hildebrand
and Frederick. The inductive method is also known as empirical method. According to this
method, one proceeds from a particular state of affairs to general principles. It implies that
general principles are derived from observed facts. In this method, facts and figures of a
particular nature of problem are collected and arranged in a systematic way from which the
general principles are drawn for example, data on consumption of poor, middle and rich
income groups of people are collected, classified, analyzed and important conclusions are
drawn out from the results. This method uses three tools for economic generalization,
i.e., experimentation, observation and statistical methods.

Introduction to Engineering Economics
The Accreditation Board for Engineering and Technology (ABET) states that engineering “is the

profession in which a knowledge of the mathematical and natural sciences gained by study, experience,
and practice is applied with judgment to develop ways to utilize, economically, the materials and
forces of nature for the benefit of mankind”. Engineering economics, previously known as engineering
economy, originated in “The Economic Theory of Railway Location”, published in 1887 by A.M.
Wellington, which was an analysis of the economic consequences of engineering decisions. Since then
the body of knowledge has expanded that has served in analyzing the economic consequences of
engineering decisions.

Engineering economics is a subset of economics concerned with the “use and application of
economic principles in the analysis of engineering decisions.” Engineering economics is the
application of economic techniques to the evaluation of design and engineering alternatives. The role
of engineering economics is to assess the appropriateness of a given project, estimate its value, and
justify it from an engineering standpoint.

Characteristics of Engineering Economics
1. As a discipline, it studies the behaviour of individuals and firms in making decisions

regarding the allocation of limited resources.
2. Engineering economics is closely related to conventional microeconomics. However, in

today’s practical world, the knowledge of macroeconomics also helps in overall decision-
making.
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3. Engineering economics is devoted to the problem solving and decision-making at operations
level.

4. Engineering economics is useful to identify alternative uses of limited resources and to select
the preferred course of action.

5. Engineering economics is pragmatic in nature, integrating economic theory with engineering
practice. It removes the complicated abstract issues of economic theory.

6. Engineering economics mainly uses the body of economic concepts and principles.
7. Engineering economics integrates economic theory with engineering practice.
8. As a discipline though, it is closely related to others such as statistics, mathematics and cost

accounting. It draws upon the logical framework of economics but adds to that the analytical
power of mathematics and statistics.

Engineering economics is a subject of vital importance to engineers. This subject helps one
understand the need for the knowledge of economics for being an effective manager and decision-
maker. Engineering economics is now considered a part of the education of every engineer. It studies
various financial and economic problems pervasive to engineers in a variety of industries. Because of
the uncertainties of the future, a poor decision-making process can lead to wrong results.
A fundamental principle is that choices can be made only among alternatives, and in any engineering
decision, all reasonable alternatives should be discovered and fairly considered.

Engineers seek solutions to problems, and the economic feasibility of each potential solution is
normally considered along with the technical aspects. Fundamentally, engineering economics involves
formulating, estimating, and evaluating the economic outcomes when alternatives to accomplish a
defined purpose are available. Engineering economics involves the systematic evaluation of the
economic benefits of proposed solutions to engineering problems. Thus, it involves technical analysis
with emphasis on the economic aspects with the objective of assisting decision-making. While
macroeconomic and financial competencies are key for business operations, engineering economics
further provides a mechanism for decision-making. It forces engineers to think twice before making
many choices in everyday operations, such as process configurations, materials, production size, and
other economic factors. During a mass-production manufacturing process, for example, it may make
sense to use an additive manufacturing convention if the production size is relatively small. However,
after a certain point, it will become more economical to use injection molding. If the engineer decides
to use injection molding, they will then have to decide what type of materials they should use: metals,
plastics, glass, etc. The detail and accuracy with which these processes are carried out are economic
calculations based on margins of error, tolerance, reproducibility, and impact on performance. Daily
decisions by the engineering firms based on an economic framework will decide how successful and
profitable that company is.

An engineer is now involved with more and more complex design and manufacturing process
which calls for rational decision-making at various stages. Economic theories dealing with the
principles of demand, pricing, cost, production, trade cycle, competition, etc. help him to take
decisions especially in an uncertain and changing business environment. Engineering economics is
concerned with the systematic evaluation of benefits and costs of a project involving engineering
design and analysis.
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Significance of Engineering Economics
1. Engineering economics quantifies the costs and benefits associated with an engineering

project, which helps to decide on the economic feasibility of the projects.
2. Engineering economics is the application of economic techniques to the evaluation of design

and engineering alternatives. The role of engineering economics is to assess the
appropriateness of a given project, estimate its value, and justify it from an engineering
standpoint.

3. Engineering economics requires the application of engineering design and analysis principles
to provide goods and services that meets the consumers’ demand at affordable prices. Thus, it
is also relevant to the design engineers who are involved in the material selection.

4. In the beginning of 20th century, the engineers were only concerned with the design,
construction, operation of machine structures and process. Now, their roles have evolved to
becoming planners also. They are expected to create not only novel technological solutions
but also to make skilful financial analysis of the effects of implementation.

5. Engineering economics is closely aligned with microeconomics. It is devoted to problem-
solving and decision-making at the operational level. Thus, engineering economics refers to
those aspects of economics and its tools of analysis most relevant to the engineer’s decision-
making process.

Engineering Decision-Making Process
Since engineers have to take decisions in an uncertain socio-economic environment, it is

imperative for them to proceed in a rational manner which improves the probability of correct
decision- making in the process of engineering problem-solving.

Following steps can to be taken for the decision-making process:
1. The recognition, definition and evaluation of a problem (objectives)
2. Search for potential and feasible engineering alternatives
3. Comparison of the alternatives, keeping the long-term interests of the organization in view
4. Incorporating the most economically and technically sound alternative
5. Analyzing the economic aspects of the engineering problem
6. Finding a totalitarian solution
7. Attention to ensure feedback for further improvement of the operation

Examples of Engineering Economic Analysis
Engineering economic analysis focuses on costs, revenues, and benefits that occur at different

times. For example, when a civil engineer designs a road, a dam, or a building, the construction costs
occur in the near future. However, the benefits to users begin only when construction is finished and
continue for a long time. Generally, all engineering projects call for spending money in the design and
building stages, and after completion revenues or benefits start streaming in for a long period of time,
usually for years.
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Engineering economic analysis can be used to answer many different questions as follows:
(a) Which engineering projects are economically feasible? For example, Is the new found oil and

gas reserve worth mining?
(b) Which engineering projects should have a higher priority? For example, Should the money

from the bank loan be used for diversification of business or for improvement in technology?
(c) What should be the considerations for designing the engineering project? For example, the

mechanical or electrical engineer has to choose the most economical motor size. The civil or
mechanical engineer has to choose the best thickness for insulation. The aeronautical engineer
has to make a best trade-off between lighter materials that are expensive to buy but cheaper to
fly and heavier materials that are cheap to buy and more expensive to fly.

Examples of Application of Economics to Real-life Engineering Problems
Consider a recent story from The Wall Street Journal concerning airplane manufacturer Boeing.

In December of 2004, Japan Airlines (JAL) announced that it would purchase 30 7E7 aircraft from
Boeing Co. to replace aging Boeing 767s and Airbus A300-600s. JAL also purchased options on
another 20 aircraft. The planes, which carry a per-unit list price of $120 million, are to be delivered
starting in 2008. Following are the assumptions made: Six planes are to be delivered at the end of
years 2008 through 2012. If the annual rate of interest is 12.5% and list prices are paid, what is the
present worth of the transaction (time zero is the end of 2004)? The above examples represent
common cash flow analysis problems usually analyzed when learning “time value of money”
calculations and their associated financial mathematics.

Consider a traditional mining investment example. Construction and development of a uranium
mine is being considered in order to take advantage of increased nuclear energy production.
Construction would cost $450 million, spread evenly over three years (assume end of year cash flows).
Production is expected to reach 6 million pounds of ore in the final year of construction, growing at
6 million pounds per year until reaching the maximum production level of 18 million pounds of ore
per year. If revenues are $12 per pound, production costs are $5.50 per pound, maximum production
lasts 10 years, and remediation costs are $25 million at the end of the mine’s life, what is the present
worth of the investment? The MARR is 18%. Modern Example: A consortium led by Cameco
Corporation is proceeding with development of the Cigar Lake mine in Saskatchewan, Canada to
produce uranium due to strong growth in the nuclear energy sector. Construction is expected to take
27 months with production ramping up in years 2007 through 2009 before reaching full production of
18 million pounds of high-grade uranium a year. Investment costs are expected to be about C$450
million. Following are the assumptions made: Construction costs are incurred evenly over years
2005, ’06 and ’07 with 6 million pounds of uranium produced in year 2007, increasing to 12 million
in ’08, and 18 million in ’09. Full production is expected to last for 10 years with each pound costing
$5.50 to product but generating $12 in revenue. Clean up and remediation costs are estimated at $25
million at the end of production. What is the present worth of the project assuming a MARR of 18%?
These two examples illustrate how we intend to infuse “real problems” into problems for students to
evaluate.

Following are some examples where engineering economy plays a crucial role:
1. Choosing the best design for a high-efficiency gas furnace
2. Selecting the most suitable robot for a welding operation on an automotive assembly line
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3. Making a recommendation about whether jet airplanes for an overnight delivery service
should be purchased or leased

4. Considering the choice between reusable and disposable bottles for high-demand beverages

Practice Questions
1. Define economics. Trace out the changes in the evolution of the definition over a period of time.
2. ‘Scarcity’ is the foundation pillar for the discipline of economics. How relevant is this statement?
3. Critically assess the view that an understanding of the principles of scientific decision-making is

fundamental to the success of a modern economy.
4. What are the steps used in an engineering decision-making process? Provide an example of the process

in bank replacing their old ATM machines with new modern ones.
5. Define the role of engineers in the Business Decision-making Process.
6. Explain in details that factors that might affect Engineering Economic Decisions.
7. Explain the meaning of economics and describe the role of Engineering Economics in an organization.
8. State the process of decision-making.
9. Identify and describe the nature and type of a few engineering economic decisions in an organization

with examples.
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