
1.1 INTRODUCTION

Strategic cost management requires an understanding of not only profits
and financial statements, but also of engineering economics and the
concepts of cash flows and interest. Engineering economics is also known
as engineering economy or engineering economic analysis. Products and
projects must not only be technically feasible, but also economically
viable, especially in the global market place of today.

Engineering Economics involves Engineering Economic Analysis.
Engineering Economics can be defined as:

1. The body of knowledge and techniques concerned with the
evaluation of the worth of commodities and services relative to
their costs and with the methods of estimating inputs.

2. The application of economic or mathematical analysis and
synthesis for taking engineering decisions.

3. Engineering economics is the science which utilizes quantitative
techniques for selecting a preferred alternative from amongst
several technically feasible and economically viable alternatives.

4. Engineering economy is the systematic evaluation of proposed
engineering solutions to technical problems on an economic basis.

The field of engineering economics uses mathematical and economic
techniques to systematically analyze situations in economic terms to resolve
a given situation. It is not restricted only to engineering situations but
also involves capital budgeting models, planning horizon models, and
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other higher level management concerns. It, therefore, also includes
financial planning and analysis, inventory modeling, production planning,
scheduling and control, statistical quality control, and any optimization
models involving economics. It involves the economics of a product,
process, or project over time by analyzing the magnitude and timing of
the cash inflows and outflows over time for the production of a product,
operation of a process, or completion of a project.

The evaluation of engineering alternatives can be performed using
different parameters and merits of performance and the basic tools/
techniques used are:

1. Cash Flows Before Taxes,

2. Cash Flows After Taxes,
3. Profitability Analysis,

4. Present Worth Analysis,

5. Rate of Return,

6. Benefit/Cost Analysis and

7. Payback Period.

1.2 CASH FLOWS versus PROFITS

Cash flows and profits are the two most widely used financial measures
used to evaluate companies, products and projects. These two financial
measures are desirable, but decisions must be made emphasizing one or
the other as both are not maximums under the same conditions. This is
similar to the conditions in optimization that maximum profits and
minimum costs usually do not occur at the same level of production.

Cash Flow

1. Cash Flow is the actual monetary amount (Dollars, Euros, Pounds
Sterling, Yen, Won, Rupees, etc.) passing into and out of a
business financial venture or project being analyzed.

Net Cash Flow

2. Net Cash Flow is the difference between total cash receipts (inflows)
and total cash disbursements (outflows) for a given period of time.

Net Cash Flows shows the funds derived from the operation. Net
Cash Flow represents the funds available and companies must
have adequacy of funds to pay for expenses; otherwise it is
necessary to borrow funds.
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Profits

3. Profits represent the net revenues minus the expenses and
companies must be profitable to survive in the long-term.  Short-
term periods of losses often occur during the start-up of
businesses or during periods of recession, but long-term losses
are not sustainable. Thus profits can be represented by:

Profits = Net Revenues – Expenses (1.1)

A basic relationship between cash flows and profits is:

Cash Flows = Net Profits + Depreciation (1.2)

Further, cash flows may take into consideration adjustments, as well.

Cash Flows = Net Profits + Depreciation + Adjustments (1.3)
(loans, inventory changes, changes in accounts
receivable or payable, etc.)

Cash flows have also been a better index rather than net profits for
gauging a company’s performance as they depict the result of the various
operations and activities of the company, without taking into consideration
the higher receivables such as sales not yet realized into cash or inventory
holdings.

Negative cash flows and Positive cash flows

Generally infrastructure and construction projects tend to involve longer
credit periods and high inventory levels with the result they suffer from
negative operating cash flows. A longer working capital cycle often results
in negative cash flows for short periods.  For example, when a customer
orders a part, the manufacturer has capital invested in the part and has
a negative cash flow until he receives payment for the part.

Hence, a reasonable amount of positive cash flows from operations
always assume significance for two reasons:

(i) first, healthy cash flows can help a company meet its funding
requirements internally in a high borrowing cost environment,
and

(ii) second, a company’s ability to manage its debtors and inventory
levels indicates the efficiency and strength of the business.
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With infrastructure and construction projects, Earned Value Manage-
ment techniques involving cost performance and schedule performance
are used and these are presented in detail in a latter Chapter.

Cash Flows or Profits?

What should be the focus of economic studies; cash flows or
profits?

This is an interesting question with respect to the concept of accelerated
depreciation. Accelerated depreciation will increase cash flows as one can
reduce taxes, but it decreases profits from the increased expense. Thus
one would appear to have to make a difficult choice when considering
the use of accelerated depreciation; however, if one keeps two sets of
books, one using accelerated depreciation to reduce taxes and make
reports to the Government and a second set using straight line (non-
accelerated depreciation) to the stockholders to indicate higher earnings,
the solution is to focus upon cash flows. The depreciation difference
multiplied by the tax rate is under the item of deferred taxes which occurs
in the reports to stockholders. Although this practice is legal, one does
question the ethics of it. It does, however, make the decision easy as
whether to focus upon cash flows or profits and this is a major reason as
to why cash flows are the focus of engineering economics and project
management.

Another advantage of using cash flows is that one can focus only on
costs whereas revenue inputs are required in addition to costs in order
to focus on profits.

1.3 CASH FLOW DIAGRAMS

A cash flow diagram is a plot of Cash Flows versus Time. The abscissa
(x-axis) represents time and the ordinate (y-axis) represents the amount
of cash flow. Cash flows are assumed to occur at the end of the period.
There are three primary types of cash flow diagrams, but the net cash
flow diagram is the most common. Consider an investment of $5 which
results in a revenue of $3 per time period with an expense of $1 per
time period.
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A basic assumption in cash flow analysis is that the cash flows are
assumed to occur at the end of the period; payments are assumed to be
at the end of the period (instead of the beginning of the period).
Adjustments can be to alter the results to consider beginning of period
cash flows and this can be done relatively easily, but to avoid confusion
only end of period cash flows will be presented.

1.4 FINANCIAL STATEMENTS AND THE PURCELL DIAGRAM

The primary financial statements used are the Income Statement and the
Balance Sheet. The Purcell diagram integrates these two statements into
a cash flow diagram. The Purcell diagram indicates the relationship
between the accounting financial statements and the overall cash flows for
a company. The items such as long-term and short-term debts are not
included to keep the problem easy to visualize and to reduce the
complexity. The financial statements generally considered are the income
statement and the balance sheet and they are presented in Figure 1.1 and
the corresponding Purcell Diagram is shown in Figure 1.2.

The income statement summarizes the revenues or sales, the expenses
or costs, the taxes, and the profits. The balance sheet indicates the
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financial position of the company typically at the end of the accounting
period.

The basic equation of the balance sheet is that:

Assets = Liabilities + Equities (1.4)

The relationship between cash flows and profits is written as indicated by
Eq. 1.3 as:

Cash Flows = Net Profits + Depreciation + Adjustments

This relationship is reduced in most engineering economic models to
Eq. 1.2 as:

Cash Flows = Net Profits + Depreciation

All money values are in $ (Thousands)

Income Statement
RCC Corporation 2010 (End of Year)

Sales 500
Expenses

Cost of Goods Sold 200
Operating Costs 140
Depreciation 20

Profit Before Tax
Taxes
Net Profit

360
140
40

100

All money values are in $ (Thousands)

Fig. 1.1. Income and Financial Statements for RCC Corporation for 2010.
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Fig. 1.2. Purcell Diagram for Financial Flows for RCC Corporation.

This can be derived from:

Cash Flows (After Taxes) = Revenues – Costs – Taxes (1.5)

= Revenues – Costs – (Tax Rate)*(Revenues –
Costs – Depreciation)

= (1 – Tax Rate) * (Revenues – Costs –
Depreciation) + Depreciation

= Net Profits + Depreciation
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For accounting models, the cash flow after taxes expression must
include adjustments such as changes in inventory, new equipment
purchases, accounts payable, accounts receivable, dividends, stock sales,
and other items not included in the profit calculations.

The Purcell Diagram gives the cash flows in a much easier format
and is recommended for use. The Purcell Diagram includes the
information of the Income Statement and the Balance Sheet. The center
section of the Purcell Diagram contains the Assets part of the balance
sheet and the Accounts Payable and Stockholder items of the Purcell
Diagram represent the Liabilities and Equities part of the Balance Sheet.
It also includes additional information such as the amount spent on
equipment and the total spent via suppliers and the total paid to suppliers
which is not readily available on the financial statements.

The Purcell Diagram as indicated in Figure 1.2 gives the cash flows
in a much easier format and is recommended for use. If one rewrites
Equation 1.3 to determine the end of period cash flows, one has:

       Cash Flows = Net Profits + Depreciation + Adjustments

Cash Flows (end) – Cash Flows (start) = Net Profits +
        Depreciation + Adjustments

Or

Cash Flows (end) = Cash Flows (start) + Net Profits + (1.6)
     Depreciation + Adjustments

From Figure 1.2, one can calculate the ending cash flows as:

Cash Flows (end) = Cash Flows (start) + Net Profits
 305 = 260          + 100

+ Depreciation + Adjustments (–Purchase Equipment
+ 20  –50 

    + stock sales  – dividends paid  – inventory increase
        + 5  –10       –20

     + Accounts Payable – Accounts Receivable)
         + 20            – 20

= 260 + 100 + 20 + (– 50  +5  – 10   – 20 + 20 – 20)
= 260 + 120 (cash flow change)  –75 (total adjustments)

= 305
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This can also be calculated in another manner by examining the
particular activity. The end values need to be calculated and the general
equation used is:

 End Value = Starting Value + Inputs to Activity – Outputs of Activity

(1.7)

If one examines the cash flow box of the Purcell Diagram, note that:

305 (end) = 260 (start) + 480 (receipts from customers)

– 440 (outgoing funds) + 5 (stock sales)

= 305
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1.6 EVALUATIVE QUESTIONS

1. A company made an investment of $1,200,000 for a machine to
manufacture a new product. The sale of the product produced is
expected to provide a uniform annual revenue of $500,000 for
6 years. The annual operating, material, and maintenance expenses
are $200,000 and the salvage value of the machine at the end of the
6 years is $400,000. Draw the cash flow diagram, the net cash flow
diagram and the cumulative cash flow diagram.

2. Explain the difference between cash flows and profits.

3. Given the following data, draw the basic cash flow diagram, the net
cash flow diagram and the cumulative cash flow diagram. Money
values are in $ (thousands).

Period Investment Revenue Expenses

0 20
1 5 4
2 6 3
3 10 4
4 10 4
5 10 4
6 10 6

When is the break-even or payback period?
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4. Use the Income Statement and the Balance Sheet in Figure 1.3 to
complete the Purcell Diagram for the Financial Flows for MA
Corporation in Figure 1.4.

Fig. 1.3. Income Statement and Balance Sheet for MA Corporation for 2010.




