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We all must be able to apply basic concepts of economics because 
economics plays an important role in every engineering decision. 

Ethics and Law

Safety and Environment

Economics

Engineering science
Process and Product Design

..

Risk and uncertainty

Chemistry and Biology
Project Management

..
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Course principles have many 
applications

Engineering Economics
- Evaluate profitability of alternative investments 

Personal Finance
- When to buy that new car!
- Determine proper level of 

borrowing and saving
- Calculate income taxes

Corporate Finance
- Provide adequate cash reserves
- Determine minimum rate of return

I’ll  use  this
as soon as I

graduate!

I’ll  use  this
later in my 

career
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Your first task at your new job
Supervisor to you: We want to increase our production 
rate by 35%, but the distillation tower is at its maximum 
capacity (liquid and vapour flows).  

What is the
best choice?

Evaluate the following feasible 
alternatives and determine the most 
financially attractive.

After  some  creative  brainstorming  …

1. Build a parallel distillation tower
2. Replace trays with packing
3. Increase the number of trays
4. Contract the extra production to

another company
5. Change operating conditions
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Roadmap for engineering 
economics topic

• Four major topics
- Time value of money

- Quantitative measures of profitability

- Selecting from among alternatives

- Cost estimating

• Lecture exercises and thought questions
• Class workshop

• Midterm (individual)

• Application in the SDL Project

Able to evaluate 
potential projects 
and select the 
best
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1. Time value of money

- How do we compare $ at different times?

2. Quantitative measures of profitability
- How  do  we  determine  the  “profit”  or  “financial  
attractiveness”  from  an  investment?

3. Systematic comparison of alternatives
- How  do  we  ensure  that  we  select  the  “best”  

investment?

4. Estimation of costs
- How do we determine the costs before we buy?

Four major topics in engineering 
economics
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Time-value 
Money Time value of money

Let’s  use  our  modeling  skills  to  determine  a  “money balance”

Important definition: Cash flows are transfers of 
money that cross the system boundary.  The system 
is typically a “project”.

Revenues or 
incomes flow 
into the system, 
e.g.

• Product sales
• Equipment sales
• Licensing fees

Expenditures 
or costs flow 
out of the 
system, e.g.,

• Feed costs
• Fuel and electricity
• Employee salaries
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Time-value 
Money

Cash flows occur over time.  

We sum the revenues and expenditures within each time 
period to give the net cash flow at a time.  We plot these in a 
cash flow diagram.

Cash flow diagram

time

Positive 
cash 
flow
Negative 
cash flow

Periods are 
numbered from 0 to 
the end of analysis.
Period can be any time 
length; often one year 
for engineering projects

Cash flows in units of 
money ($) 
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Time value of money



Time-value 
Money

Cash flow diagram and analysis

Many cash 
flows occur 
within a time 
period

Assumption: 
The net sum 
of all cash 
flows during 
the period 
occurs at the 
end of the 
period.
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Time value of money



Cash flow 
diagram

(at each period)

Cumulative cash
flow diagram

(just the cumulative sum
of the above plot)

Time-value 
Money

We plot the end-of-period, or the cumulative cash flows

We’ll  use  
both, with 
the top 
plot used 
more 
often.
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Time value of moneyTime-value 
Money

Key question:  Why  is  there  a  “time  value  of  money”?

Class exercise:  A family member asks you to lend her 
$100.  She promises to pay you exactly three 
years later.  She will give you $100 then.

Is this a good financial proposition?  Why?
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Why  is  there  a  “time  value”?

• The owner of money must defer its use

• The owner incurs risk

Thus, money in the future is worth less than 
money now.  

We  must  take  this  into  account,  as  our  employer’s  
money will almost always be spent over a long 
period of time.

Time-value 
Money
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How do we characterize time value?

• We use an interest rate, so that the effect of time 
is proportional to the total amount of money 
involved.

Time-value 
Money
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Time value of money



We will use cash flow diagrams to summarize the 
behaviour of the system.

We need to calculate the value of all cash flows at the 
same time to make economic analyses.

Time 
period0        1        2        3        4    ….

Cash
flow
at each 
period

($)
negative

positive P = present value (period = 0)

F = future value (period > 0)

i = interest rate

n = number of periods 
between present and future

Time-value 
Money
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0                        1

P=? F

Example 2: 
We would like a future 
amount F = $1000 at    
n = 1 year from now.

Given an interest rate 
i=0.04 [4%], how much 
should we invest today, 
called the present 
value, P ?

Time-value 
Money
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Time value of money
Example 1: 

We would like a future 
amount F = $1000 
But we have only
P = $800 to invest now.

What interest rate is 
required to obtain F
at n = 1 year from now?



0      1        2    ….                      n

P F

Determine the relationships between P and F for 

n time periods, with compound interest rate i

Fn = P ( 1 + i )n

What is the present value of a 
revenue of F = $1000 at time 
n for each year n =  1,  2  …  10
at 10% per year time value of 
money?

Time-value 
Money
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Time value of money

Asked another way …

If you want to have F=$1000 in     
n =  1,  2,  …10 years from now, 
how much do you have to invest 
right now, if interest rates 
remain at 10% per year?



Time-value 
Money
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Time value of money

$621 right now (n=0) has the equivalent 
worth of what $1000 will have 5 years (n=5) 
from now, at TVM of 10%.

Interpretation :



0      1        2    ….                      n

P F 

We can explain inflation, i, in a similar way. An amount 
of money now (P) is worth less and less further into the 
future, F.

Fn = P ( 1 + i )n

What is the future value of 
P=$1000 at time = n

for each year (n= 1 to 10)

at 10% per year time value of 
money?

Time-value 
Money

17

Time value of money

Asked another way …

If you hide P = $1000 under your 
mattress, what can you buy with 
that  money,  in  today’s  terms,  in  n = 
1,  2,  …10  years from now if 
inflation is at 10% per year?



Time-value 
Money

Revenue in 
later years is 
worth much 
less!
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Time value of money

If TVM = 10%, then consider that something 
worth  $424  now  is  what  you’ll  be  able  to  buy  
for $1000 in 9 years from now. (now reverse it)

Interpretation :



• Since money has a time value, money in the future has 
less value.  We will characterize this decrease with the 
“time  value  of  money”.  

• For a worthwhile investment, the net income in the future 
must be greater than the original expense.

Time-value 
Money

19

Time value of money
If  TVM  =  10%,  goods  that  you  get  now  for  $1000;;  you’ll  only  
be able to get $424 worth of goods [in  today’s  terms], but in 
9 years from now.



Time value of moneyTime-value 
Money

Associated use of interest rates: When we place 
money in the bank, the bank increases the amount in our 
account according to an interest  rate.  This is payment 
for the bank using our money.

0      1        2    ….                          n

Initial 
balance

Future 
balance  = ?

Future balance = P ( 1 + i )n  

What is the amount in 
your account ten years 
after depositing $1000 at 
10% per year interest 
rate?

How do we calculate the future 
amount in our account?
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Time value of moneyTime-value 
Money
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If you want to get rich, just invest and wait

Invest $10,000/yr at 5% is worth after 35 years: $ 948,000
after 40 years: $ 1,268,000
after 45 years: $ 1,677,000*

* This is close to the number we discussed at tutorial on Monday

Time value of moneyTime-value 
Money
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“Compound  interest  is  the  eighth  
wonder of the world. He who 
understands it, earns it ... he who 
doesn't ... pays it.”  – Albert Einstein



Time value of moneyTime-value 
Money

Class exercise: Your bank account is the “system”.    You 
have an initial balance (revenue) of $4000 and the 
following monthly revenues and expenditures, and the 
bank pays 0.50%/month interest.  Plot the cash flow 
diagram and the monthly balance for your bank account.

revenue 4000 530 530 0 0 0 0 0 0
expenditure 0 -200 -570 -700 -900 -200 -1200 0 -1400
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Time value of moneyTime-value 
Money
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period (month) 0 1 2 3 4 5 6 7 8

cash flowsinterest 0 20 21.75 21.65875 18.26704 13.85838 12.92767 6.992309 7.027271
revenue 4000 530 530 0 0 0 0 0 0
expenditure 0 -200 -570 -700 -900 -200 -1200 0 -1400

net cash flow 4000 350 -18.25 -678.341 -881.733 -186.142 -1187.07 6.992309 -1392.97

Account balance 4000 4350 4331.75 3653.409 2771.676 2585.534 1398.462 1405.454 12.48142
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Time value of moneyTime-value 
Money

Class exercise: You deposit $5000 in a bank account with an 
annual compound interest rate i*.  The time value of money is 
described by an interest rate i'.
Calculate the present value of the bank account after n years.

Now,  let’s  relate  the  banking  interest  to  the  time  value  
of money
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Time value of moneyTime-value 
Money
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What is the result if i* = i’?
How do we use this result to interpret the time-value of 
money?
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