engineering economics formula sheet

Engineering economics formula sheet is an indispensable resource for professionals and students
navigating the complex world of project evaluation and decision-making. This comprehensive guide
delves into the core financial principles and calculations essential for making sound economic choices
in engineering endeavors. From understanding time value of money to evaluating investment
alternatives, we will explore key formulas that underpin successful project management and financial
analysis. This article aims to demystify engineering economics, providing a practical framework and
accessible explanations for these vital formulas, ensuring you can confidently apply them to real-
world scenarios. Whether you're assessing feasibility, comparing projects, or managing budgets,
mastering these formulas is paramount for engineering success.

e Introduction to Engineering Economics

e The Time Value of Money

o Single Sum Formulas
o Series Formulas

o Gradient Formulas

e Methods for Economic Analysis

[¢]

Present Worth Analysis

[¢]

Annual Worth Analysis

o

Future Worth Analysis

[¢]

Rate of Return Analysis

[¢]

Payback Period Analysis

e Depreciation and Taxes

o Depreciation Methods

o Impact of Taxes on Economic Analysis

¢ Inflation and Cost Estimation



o Incorporating Inflation

o Cost Estimation Techniques
e Comparing Alternatives

o Mutually Exclusive Alternatives

o Independent Projects

e Break-Even Analysis

Understanding the Core Principles of Engineering
Economics

Engineering economics is a specialized branch of economics that applies economic principles to
engineering decision-making. It focuses on the systematic evaluation of the economic feasibility of
projects, products, and processes. The ultimate goal is to assist engineers and managers in making
the most financially sound choices. This field bridges the gap between technical design and financial
reality, ensuring that engineering solutions are not only technically viable but also economically
justifiable. Understanding the fundamental concepts within engineering economics is the first step
towards mastering the associated formulas and their applications.

The Crucial Role of the Time Value of Money in
Engineering Economics

The concept of the time value of money (TVM) is foundational to engineering economics. It recognizes
that a dollar today is worth more than a dollar in the future due to its potential earning capacity. This
principle is central to comparing cash flows that occur at different points in time. Without accounting
for TVM, investment decisions could be severely skewed, leading to suboptimal outcomes. The
formulas within this domain are designed to translate future monetary amounts into equivalent
present values or vice versa, allowing for fair and accurate comparisons.

Exploring Single Sum Formulas for Compounding and
Discounting

Single sum formulas are used when dealing with a single amount of money at a specific point in time.



These formulas are essential for calculating the future value of a present amount or the present value
of a future amount. They form the bedrock of many more complex engineering economic analyses.
Understanding these basic building blocks allows for a clear grasp of how interest accrues over time
and how future sums are devalued to their present equivalents.

The future value (FV) of a present sum (P) invested at an interest rate 'i' for 'n' periods is calculated
using the following formula:

FV=P(1 +i)"n

Conversely, the present worth (P) of a future sum (F) to be received after 'n' periods at an interest
rate 'i' is calculated as:

P=F/(1+i)"n

These formulas are often referred to using factors like the (F/P, i, n) factor for future value and the
(P/F, i, n) factor for present value. They are indispensable for single-point-in-time cash flow analysis.

Mastering Series Formulas for Annuities and Uniform Series

Series formulas are designed to handle a series of equal payments or receipts that occur at regular
intervals, known as annuities. These are common in scenarios like loan repayments, salary payments,
or regular investment contributions. Engineering economics frequently encounters situations where a
stream of equal cash flows needs to be evaluated, making these formulas critically important.

The future value (F) of an ordinary annuity (A), where payments occur at the end of each period, is
given by:

F=A[((1+)"n-1)/il
The present worth (P) of an ordinary annuity (A) is calculated as:
P=A[((1+)D"n-1)/(i(1+i)"n)]

These formulas are represented by factors such as (F/A, i, n) and (P/A, i, n). Variations exist for
annuities due, where payments occur at the beginning of each period, requiring adjustments to these
base formulas.

Understanding Gradient Formulas for Increasing or
Decreasing Cash Flows

Gradient formulas are used when cash flows change by a constant amount from one period to the
next. This often occurs in engineering projects where costs might increase linearly due to inflation or
maintenance needs, or revenues might decrease due to market competition. These formulas allow for
the economic evaluation of such non-uniform cash flows.

A common scenario involves a series where the cash flow increases by a constant amount (G) each
period. The present worth (P) of such a gradient series, where the first cash flow is zero, is given by:

P=(G/H)[((L+i)"n-1)/i-n/(1+i0)"n]



These types of formulas, often expressed as (P/G, i, n), are crucial for accurately modeling and
evaluating projects with evolving cost or revenue streams over their life cycles. They enable a more
granular and realistic financial assessment.

Key Methods for Economic Analysis in Engineering
Projects

Several established methods are used in engineering economics to compare and evaluate the
economic viability of projects. Each method offers a unique perspective, and the choice often depends
on the specific context of the decision being made. Understanding these diverse approaches ensures
a robust financial analysis.

The Power of Present Worth Analysis for Project Comparison

Present Worth (PW) analysis, also known as Net Present Value (NPV) when comparing against a
baseline, involves converting all future cash flows associated with a project into their equivalent value
at the present time. This is achieved by discounting all future cash flows at a specified minimum
acceptable rate of return (MARR) or discount rate. A project is considered economically acceptable if
its present worth is positive or greater than zero. When comparing mutually exclusive alternatives,
the one with the highest present worth is typically selected.

The general formula for present worth is the sum of the present values of all cash inflows minus the
sum of the present values of all cash outflows. For a project with initial cost (C0) and subsequent cash
flows (Ci) for 'n' periods:

PW=ZXI[Ci/(1L+i)"i]fori=0ton

This method is widely favored because it directly incorporates the time value of money and provides a
single, clear metric for decision-making.

Utilizing Annual Worth Analysis for Consistent Evaluation

Annual Worth (AW) analysis converts all project cash flows into an equivalent uniform annual series
over the project's life. This method effectively spreads the total economic impact of a project across
each year of its operation. Like present worth analysis, AW is calculated by discounting all cash flows
to the present and then converting that present worth into an equivalent uniform annual series using
the appropriate annuity factor.

The formula for Annual Worth is: AW = PW (A/P, i, n), where (A/P, i, n) =[i(1 +i)"n]/[(L +i)"n-1]. A
project is deemed acceptable if its annual worth is positive. When comparing alternatives, the one
with the highest AW is preferred. AW is particularly useful when comparing projects with different
service lives, as it standardizes the comparison on an annual basis.



Future Worth Analysis: A Look Ahead

Future Worth (FW) analysis is similar to present worth analysis but instead converts all cash flows to
an equivalent value at the end of the project's life. The MARR is used to compound all cash flows
forward to the project's termination point. A project is considered economically viable if its future
worth is positive.

The formula for future worth is essentially the future value of the net present worth:
FW=PW (1 +1i)"n

While less common than PW or AW, FW analysis can be useful in specific situations where focusing on
the project's terminal value is particularly relevant.

Assessing Profitability with Rate of Return Analysis

Rate of Return (ROR) analysis, often referred to as Internal Rate of Return (IRR), seeks to find the
interest rate at which the present worth of cash inflows equals the present worth of cash outflows. In
simpler terms, it's the effective rate of return generated by an investment. A project is generally
considered acceptable if its ROR is greater than the minimum acceptable rate of return (MARR).

The core equation for ROR is finding the 'i' that satisfies:
2[Ci/(1+i)”il=0fori=0ton

This often requires iterative calculations or the use of financial calculators and software. While
intuitive, ROR analysis can sometimes present challenges, particularly with non-conventional cash
flows or when comparing mutually exclusive projects.

The Simplicity and Limitations of Payback Period Analysis

Payback Period (PP) analysis determines the length of time required for the cumulative cash inflows
from a project to equal the initial investment. It's a straightforward measure of how quickly an
investment can recover its initial cost. Projects with shorter payback periods are often favored,
especially in environments where liquidity is a concern.

The calculation for a project with a constant annual cash inflow (A) is:
Payback Period = Initial Investment / Annual Cash Inflow

For non-constant cash flows, it involves summing the cash flows period by period until the initial
investment is recovered. However, PP analysis has a significant limitation: it ignores the time value of
money and cash flows occurring after the payback period, making it a less robust method for
comprehensive economic evaluation compared to PW or AW.



Navigating Depreciation and Taxes in Economic
Calculations

Depreciation and taxes are critical considerations in engineering economics as they directly impact a
project's profitability and cash flows. Proper accounting for these factors is essential for accurate
economic assessments and for understanding the true after-tax return on an investment.

Understanding Various Depreciation Methods

Depreciation is an accounting method used to allocate the cost of a tangible asset over its useful life.
It is a non-cash expense that reduces taxable income, thereby reducing tax liabilities. Several
depreciation methods are commonly used in engineering economics:

e Straight-Line Depreciation: Spreads the depreciable cost evenly over the asset's useful life.
Formula: (Cost - Salvage Value) / Useful Life.

» Declining Balance Depreciation: An accelerated method where depreciation is higher in earlier
years and lower in later years. A common form is the Double Declining Balance method, which
uses twice the straight-line rate.

¢ Sum-of-the-Years'-Digits (SOYD) Depreciation: Another accelerated method that results in a
larger depreciation charge in the early years of an asset's life. The formula involves a fraction
based on the sum of the years' digits of the asset's useful life.

¢ Units-of-Production Depreciation: Depreciation is based on the asset's usage or output rather
than time. Formula: ((Cost - Salvage Value) / Total Estimated Production) Actual Production.

The choice of depreciation method can significantly affect the timing of tax savings and,
consequently, the project's economic evaluation.

The Impact of Taxes on Economic Analysis

Taxes are a direct outflow of cash that must be accounted for in any sound economic analysis. The
imposition of income taxes means that revenues and expenses should be analyzed on an after-tax
basis. This involves calculating taxable income and then determining the tax liability, which is then
subtracted from pre-tax cash flows to arrive at after-tax cash flows.

A simplified after-tax cash flow calculation would be:
After-Tax Cash Flow = Before-Tax Cash Flow - Taxes
Where Taxes = (Revenue - Expenses - Depreciation) Tax Rate

It's important to note that depreciation is a tax-deductible expense, providing a "tax shield" that
reduces the overall tax burden. Therefore, when evaluating projects, it's crucial to consider the tax



implications of depreciation and other allowable deductions.

Incorporating Inflation and Effective Cost Estimation

Inflation, the general increase in prices and fall in the purchasing value of money, can significantly
distort economic analyses if not properly accounted for. Similarly, accurate cost estimation is the
bedrock of any project's financial planning.

The Importance of Incorporating Inflation

When conducting engineering economic analyses, it's crucial to distinguish between nominal and real
interest rates and cash flows. Nominal rates and cash flows include the effects of inflation, while real
rates and cash flows are adjusted to remove inflation's effects.

The relationship between nominal interest rate (i), real interest rate (i'), and inflation rate (f) is given
by:

(L+i)=(1+i)(1+1)

This means i =i' + f + i'f. When analyzing projects with cash flows occurring over extended periods,
it's essential to use consistent calculations, either by expressing all cash flows in constant dollars (real

terms) and using a real interest rate, or in current dollars (nominal terms) and using a nominal
interest rate.

Essential Cost Estimation Techniques

Accurate cost estimation is vital for making informed economic decisions. Several techniques are
employed in engineering economics:

e Top-Down Estimating: Based on historical data and expert judgment, typically used in the early
stages of a project when details are scarce.

e Bottom-Up Estimating: Involves breaking down a project into detailed tasks and estimating the
cost of each component, offering greater accuracy but requiring more time and information.

e Parametric Estimating: Uses statistical relationships between historical data and other variables
(e.g., cost per square foot) to calculate costs.

* Analogous Estimating: Uses the actual cost of similar past projects as a basis for estimating the
cost of a new project.

The selection of an appropriate estimation technique depends on the project's phase, the availability
of information, and the desired level of accuracy.



Comparing Engineering Project Alternatives Effectively

A core function of engineering economics is to provide a framework for comparing different project
alternatives. This ensures that the most economically advantageous option is selected, maximizing
value and minimizing risk.

Evaluating Mutually Exclusive Alternatives

Mutually exclusive alternatives are projects or options where the selection of one precludes the
selection of others. For example, choosing to build a new bridge at location A means you cannot also
build a bridge at location B if they serve the same purpose. When comparing mutually exclusive
alternatives, the goal is to select the option that provides the greatest net benefit, considering the
time value of money.

The most common methods for comparing mutually exclusive alternatives are Present Worth analysis
and Annual Worth analysis. The alternative with the highest PW or AW, provided it is positive or
acceptable based on the MARR, is the preferred choice. Rate of Return analysis can also be used, but
care must be taken with interpretation, especially when dealing with differing investment scales or
cash flow patterns.

Analyzing Independent Projects

Independent projects are those where the decision to accept or reject one project does not affect the
decision to accept or reject another. For instance, investing in new software might be independent of
investing in new manufacturing equipment. When evaluating independent projects, the goal is
typically to accept all projects that meet a certain economic criterion, such as having a positive net
present value or a rate of return exceeding the MARR, subject to capital rationing constraints.

For independent projects, Present Worth analysis and Rate of Return analysis are commonly used. If
capital is limited, then ranking projects based on their profitability index (PI), which is the ratio of the
present worth of cash inflows to the initial investment, can be a useful strategy.

Break-Even Analysis: Finding the Point of No Return

Break-Even Analysis is a crucial tool in engineering economics that helps determine the level of
output or sales at which total revenue equals total costs. At this point, the project or venture neither
makes a profit nor incurs a loss.

The fundamental formula for break-even point (in units) is:
Break-Even Point (Units) = Fixed Costs / (Selling Price per Unit - Variable Cost per Unit)

The denominator, (Selling Price per Unit - Variable Cost per Unit), is often referred to as the



contribution margin per unit. This analysis is vital for understanding the sensitivity of profitability to
changes in sales volume, costs, and prices, and it helps in setting realistic production and sales
targets.

Frequently Asked Questions

What is the most commonly used formula for calculating the
future value of a single sum in engineering economics?

The most commonly used formula for the future value (FV) of a single sumis: FV =PV (1 +i)™n,
where PV is the present value, i is the interest rate per period, and n is the number of periods.

How is the present value of a uniform series of payments
(annuity) typically calculated?

The present value (P) of a uniform series of payments (A) is calculated using the present worth factor
foran annuity: P=A[(1-(1 +i)~-n)/i], where Ais the uniform payment, i is the interest rate per
period, and n is the number of periods.

What is the formula for the equivalent annual cost (EAC) when
comparing alternatives with different lifespans?

The Equivalent Annual Cost (EAC) formula typically involves converting all costs associated with an
alternative (initial cost, operating costs, salvage value) into an equivalent annual amount over its
lifespan, often using present worth factors and capital recovery factors.

How does the concept of ‘time value of money' apply to
engineering economic decisions?

The 'time value of money' is fundamental to engineering economics. It recognizes that a dollar today
is worth more than a dollar in the future due to its potential earning capacity. Formulas like present
worth and future worth are used to quantify this value when comparing projects with cash flows
occurring at different times.

What is the purpose of a 'break-even analysis' in engineering
economics?

Break-even analysis in engineering economics aims to determine the point (in units produced or sales
revenue) at which total revenue equals total costs, meaning there is neither profit nor loss. It helps in
understanding cost structures and setting pricing strategies.

When evaluating project profitability, what is the significance



of the Net Present Worth (NPW) formula?

The Net Present Worth (NPW) formula, NPW = Sum of (Present Worth of Cash Inflows) - Sum of
(Present Worth of Cash Outflows), is significant because it discounts all future cash flows to their
present value. A positive NPW generally indicates a profitable project that should be considered.

Additional Resources

Here are 9 book titles related to engineering economics, with descriptions:

1. Introductory Engineering Economics Fundamentals

This book provides a comprehensive overview of the core principles and techniques used in
engineering economics. It covers topics such as time value of money, cost estimation, investment
analysis, and decision-making under uncertainty. The text is designed to equip students and
professionals with the tools needed to evaluate the economic feasibility of engineering projects.

2. lllustrated Engineering Economics Formulas

This visually driven guide presents essential engineering economics formulas in a clear and concise
manner. Each formula is accompanied by practical examples and diagrams to illustrate its application
in real-world scenarios. It serves as an excellent quick reference for students and practicing engineers
needing to recall or understand key equations.

3. In-Depth Engineering Economics for Capital Budgeting

Focusing specifically on capital budgeting, this book delves deeply into the economic analysis of long-
term investments for engineering projects. It explores various methods for evaluating project
profitability, such as Net Present Value (NPV), Internal Rate of Return (IRR), and Payback Period, along
with sensitivity analysis. This resource is ideal for those involved in making significant financial
decisions for engineering ventures.

4. Integrated Engineering Economics Case Studies

This text offers a collection of real-world case studies that demonstrate the application of engineering
economics principles in diverse engineering fields. Each case study presents a problem, applies
relevant formulas and analytical techniques, and discusses the economic implications of various
solutions. It bridges the gap between theoretical knowledge and practical problem-solving in
engineering economics.

5. Intuitive Engineering Economics Problem Solving

Designed for clarity and ease of understanding, this book focuses on developing an intuitive grasp of
engineering economics problem-solving. It breaks down complex concepts and formulas into
manageable steps, emphasizing the underlying logic behind each calculation. The goal is to build
confidence in approaching and solving a wide range of engineering economic problems.

6. Industrial Engineering Economics Applications

This specialized book targets the application of engineering economics within the industrial
engineering domain. It covers topics relevant to manufacturing, operations, and process
improvement, including inventory economics, quality cost analysis, and production planning
economics. It's a valuable resource for industrial engineers seeking to optimize economic outcomes in
their work.

7. Innovative Engineering Economics for Sustainable Design



This book explores the integration of engineering economics principles with the growing imperative
for sustainable design. It examines how economic evaluation methods can be applied to projects with
environmental and social considerations, such as renewable energy systems and green building
designs. The text aims to guide engineers in making economically sound and environmentally
responsible decisions.

8. International Engineering Economics Standards and Practices

This resource provides a comparative analysis of engineering economics practices and standards
across different countries and regions. It discusses global financial considerations, currency exchange
rates, and international investment evaluation techniques. This book is essential for engineers
working on projects with international scope or collaborating with global teams.

9. Imperative Engineering Economics for Decision Makers

Geared towards individuals responsible for making critical project decisions, this book emphasizes the
practical and strategic importance of engineering economics. It focuses on how to use economic
analysis to support informed decision-making, manage risk, and achieve organizational objectives.
The content is designed to empower leaders with the economic insights needed for successful project
execution.
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