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Chapter 5 – Economic 

decisions

Coverage:

• Need for economic analysis

• Payback period

• Time value of money

• Life cycle cost analysis

• Net present value

• Savings-to-investment ratio

• Ten steps method



The Need for Economic Analysis

• The decision on whether management will invest

in an energy savings project – or energy

conservation measure (ECM) - often hinges on

how successfully the energy manager

communicates with the decision makers using

their rules, words and decision criteria.

• The energy manager must present projects in 
economic terms in order to help the decion 
makers to make their decisions.



The Need for Economic Analysis 

(continued)

• The energy manager must learn to speak 
management’s language.  

• To do this he/she must present the project 
in economic terms.  

• There are many measures of project 
economic analysis, and many businesses 
and industries use their own methods or 
procedures to make their decisions.  

• This chapter presents the basic elements 

used to determine the cost-effectiveness
of projects and a few of the most popular 
measures of cost-effectiveness.



Simple Payback Period

• Simple Payback Period or Payback Period 

does not include the time value of money.

• It is simple and easy to use, and that is 

why many organizations use it.

• For periods of one to two years, this is 

mostly OK for some people.

• SPP is not an acceptable method for 

longer time periods.



What is «Pay Back Period» ?

• Payback period is the time required to cover the cost of 

investment.

• Simple payback period (SPP) ignores the time value of 

money.

yearper  inflowCash 

Investment
PeriodPayback  Simple 



What is «Pay Back Period» ?

• Usually periods larger than a few years do not make any 

sense.

• It is simple and easy to use, and that is why many 

organizations use it.

• For periods of one to two years, this is mostly OK for 

some people.

• SPP is not an acceptable method for longer time 

periods.

yearper  inflowCash 

Investment
PeriodPayback  Simple 



SPP Example

A lighting improvement costs $1000. The 

improvement saves $500 each year. What 

is the Simple Payback Period?

F - 8
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SPP Example -- Solution

A lighting improvement costs $1000. The 

improvement saves $500 each year. What 

is the Simple Payback Period?

F - 9

yrs2
$500/yr

$1000

savings/yr$

cost$
SPP 



Decision Rule for Payback Period

• Project is feasible if the payback period is 

less than the target payback period

• Example: An energy project requires an 

investment of $250 million and expected to 

return $75 million/year for 5 years. The 

simple payback period is

• The project is accepted as feasible

years 33.3

armillion/ye $75

million 250$







Time Value of Money 

• A dollar tomorrow is not worth as much as 

a dollar today because money has earning 

power.  

• The dollar today could be placed in a bank 

and earn interest so that it is worth more 

than a dollar tomorrow. 

• This relationship between interest and time 

is called the time value of money.



Time Value of Money 

• This time value of money means that 

equal dollar amounts at different points in 

time have different values as long as the 

interest rate that can be earned exceeds 

zero.  

• The fundamental approach to correctly 

account for cash inflows and outflows at 

different times is called discounted cash 

flow analysis.



Discounted Payback Period

• It calculates the present value of each cash inflow assuming 
the start of the first period as zero point

• The discounted cash inflow:

• The cash inflow value for each year is inserted into the 
equation and a more realistic payback period is obtained.

(years) inflowcash  of periodn

ratediscount 

 where
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Discounted Payback Period

• Example:  An energy project requires an investment of 

$250 million and expected to return $75 million/year with 

a discount rate of 3% for 5 years.  The simple payback 

period is

• The project is accepted as feasible

years 86.3       
armillion/ye $64.71

million 250$

periodpayback  Discounted

million $64.71  
159.1

million $75

0.03)(1

million $75

:flowcash  Discounted

5










Minimum Attractive Rate of 

Return 

• To compare cash flows occurring at 

different times, we need an interest rate at 

which to discount the cash flows. 

• Management at every firm generally has a 

target rate of interest that represents the 

lowest rate of return that will be considered 

acceptable for any investment.  

• This interest rate is termed the 

minimum attractive rate of 

return, MARR.  

F - 15



Minimum Attractive Rate of 

Return 

• The MARR can be viewed as a rate at 

which the firm can always invest, since it 

has a large number of opportunities that 

yield such a return. 

• This is why the MARR is commonly 

referred to as the opportunity cost of 

capital.



Life Cycle Costing

• For economic viability, project savings 

must be greater than the investments over 

the lifetime of the project.

Savings
 Avoided costs due 
to the use of the new 
technology over the 
life time of the project

This may include 
energy costs and O & 
M costs

Investments
 Initial cost of the 
project 

 O & M and other costs 
occuring over the life time 
of the project



Life Cycle Costing 

• Use Present Value (PV) analysis to find lowest life cycle 

cost (LCC)

• Normally interest tables, a computer, or a calculator is 

used to find these PVs

• Present Value (PV) and Present Worth (PW) are the 

same thing

𝐿𝐶𝐶 = 𝑃𝑉
𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒 𝑐𝑜𝑠𝑡 + 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑐𝑜𝑠𝑡

+𝑑𝑖𝑠𝑝𝑜𝑠𝑎𝑙 𝑐𝑜𝑠𝑡



Net Present Value (NPV)

• A good project has a Net Present Value (NPV) greater 
than zero (Such projects are economically viable)

𝑵𝑷𝑽 = 𝑷𝑽 𝒔𝒂𝒗𝒊𝒏𝒈𝒔 − 𝑷𝑽(𝒄𝒐𝒔𝒕𝒔)

In energy projects great 

amounts of money can be 

saved through energy 

efficiency and lower 

maintenance requirements 

with alternative technologies

Costs of the project are normally 

purchasing cost of new equipment, 

O&M and related life cycle re-

investments 

Feasible

Not 
feasible

NPV = 0



Savings-to-Investment Ratio (SIR)

• A good project has a SIR-value greater than one (i.e., 

SIR > 1.0)

• This is another indicator for economic feasibility

𝑺𝑰𝑹 =
𝑷𝑽(𝒔𝒂𝒗𝒊𝒏𝒈𝒔)

𝑷𝑽 (𝒄𝒐𝒔𝒕𝒔)

Feasible

Not 
feasible

SIR = 1.0



Internal Rate of Return (IRR)

• The Internal Rate of Return (IRR) is the interest rate (I) 
at which the PV of the savings equals the PV of the 
costs; it indicates the rate of return of that investment 
after accounting for all its projected cash flows together 
with the time value of money

 Solve  PV (savings) = PV (cost)  for  I = IRR

• It is used to evaluate the attractiveness of any project

• Among several alternative projects, the investor selects
the project with the highest IRR, provided it is above the 
investor's minimum threshold.



Summary of the formulae related to life-

cycle cost analysis of projects

Life Cycle Net Savings (Net Present Value)

𝑵𝑷𝑽 =  

𝟏

𝒚

(𝑺𝒂𝒗𝒊𝒏𝒈𝒔)𝐩𝐫𝐞𝐬𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞− 

𝟏

𝒚

(𝑳𝒊𝒇𝒆 𝑪𝒚𝒄𝒍𝒆 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕𝒔)𝐩𝐫𝐞𝐬𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞

where y is the number of years project life time.

Savings-to-investment ratio:

𝑺𝑰𝑹 =
 𝟏
𝒚
(𝑺𝒂𝒗𝒊𝒏𝒈𝒔)𝐩𝐫𝐞𝐬𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞

 
𝟏
𝒚
(𝑳𝒊𝒇𝒆 𝑪𝒚𝒄𝒍𝒆 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕𝒔)𝐩𝐫𝐞𝐬𝐞𝐧𝐭 𝐯𝐚𝐥𝐮𝐞

Internal rate of return:

IRR = Discount rate, where SIR = 1.0, or NPV = 0

Simple pay back period: 

𝑺𝑷𝑷 =  (𝑰𝒏𝒊𝒕𝒊𝒂𝒍 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕) 𝑨𝒏𝒏𝒖𝒂𝒍 𝑺𝒂𝒗𝒊𝒏𝒈𝒔)



Determining the Feasibility of Energy 

Projects

In energy projects we have:

• A reference application (usually referred to as the “old” 

system)

• A challenging technology (usually referred to as the 

“new” system)

• We need to determine if the life cycle costing of the 

challenger (new system) is less than the reference 

application (old system)

• In the analysis the capital cost, the energy savings and 

the O/M costs play an important role



Determining the Feasibility of Energy 

Projects

A simple «10 steps» method

1) Determine “old” costs (existing baseline conditions).

2) Determine “new” costs (implementation and beyond).

3) Calculate differences.

4) Choose discount rate.

5) Choose analysis period.

6) Estimate residual value of equipment at end of service life.

7) Calculate present value of annual savings.

8) Calculate present value of investments.

9) Calculate net present value.

10) Calculate savings-to-investment ratio and internal rate of 

return.



Life Cycle Cost 

Analysis: Inputs

• Estimate the initial investment 

required for the «new» project and 

insert it in year zero

• For the «old» system there is no need 

to make any initial investment. 

However, if there are any re-

investments expected to be made in 

other years, they should be taken into 

account in the appropriate year.

• Estimate the re-investments for the 

new project during the life-time of the 

project.

• Estimate O&M costs for the «new» 

and «old» systems and take them into 

account in the appropriate years.

• Estimate annual cost savings

• Determine a discount rate for the 

currency used

• Determine the life-time of project

• Determine the residual value of old 

equipment (if any)

Input in BLUE cells only.

TABLE 1

Life Cycle Investment Schedule, from Steps 1, 2, and 3

Year New Old Net Amount

0 $0

1 $0

2 $0

3 $0

4 $0

5 $0

6 $0

7 $0

8 $0

9 $0

10 $0

11 $0

12 $0

13 $0

14 $0

15 $0

16 $0

17 $0

18 $0

19 $0

TABLE 2

Annual Savings   (from Step 3)

Discount Rate   (from Step 4)

Analysis period (years)   (from Step 5)

Residual value   (from Step 6)

Determine following 

inputs



Life Cycle Cost Analysis: 

Calculations & Outputs

TABLE 3: Savings Calculations Formula:  PV Annual Savings = Annual Savings / (1 + Discount Rate)year (from Step 7)

Year 0

Annual Savings $0

PV Annual Savings $0

  PV Annual Savings $0

TABLE 4: Investments Formula:  PV Life Cycle Investment  = Life Cycle Investment / (1 + Discount Rate)year (from Step 8)

Year 0

Net Life Cyle Investments $0

PV Life Cycle Investments $0

  PV Life Cycle Investments $0

Net Cash Flow s $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

TABLE 5: Results OUTPUTS

$ 0 (from Step 9)

 (from Step 10)

 (from Step 10)

 Simple Payback (years)

Net Present Value (NPV)

Savings-to-Investment Ratio

Internal Rate of Return (IRR)

Savings

Investments

Results





Calculations can be performed in Excel or in any appropriate software



Step 1 - Determine Old Costs (Baseline 

Conditions)

a) Life cycle re-investments

b) Annual energy costs

c) Annual operations & maintenance (O&M) costs

d) Other annual costs



Step 1a

Old Re-investment Table

• Old equipment probably needs periodic 

re-investment to keep going.

• Assume:

Old re-investment costs

= $50 000 every 4 years

(from maintenance records)

• Assume:

Last replacement was two years ago, 

so next replacement is in year 2.

• Enter data in "Old" column.

Year Old

0

1

2 $50 000

3

4

5

6 $50 000

7

8

9

10 $50 000

11

12

13

14 $50 000

15

16

17

18 $50 000

19



Step 1b

Annual Energy Costs

• Old annual energy costs

= Old annual energy * cost of energy

• Example

Old annual energy costs

= $177 000/yr (from energy audit)



Step 1c

Annual O&M Costs

Example

• In this case, assume poor maintenance at low cost.

• Operations and Maintenance (O&M) = $2 500/yr.



Step 1d

Other Annual Costs

• List other annual old costs that will be affected by the 

project, such as

- productivity

- penalties for pollution



Step 2

Determine New Costs

New Costs (Implementation and Beyond)

• Initial investment

• Life cycle re-investments

• Annual energy costs

• Annual operations & maintenance (O&M) costs

• Other annual costs



Step 2a - Initial Investment

• Initial investment  =  Basic project cost

+ engineering

+ profit

+ contingency

+ taxes

+ other

• For estimation purposes, add costs as %.



Step 2a - Initial Investment (cont.)

Basic project cost = $78 000                      (from energy audit)

Initial investment = Basic project cost + engineering + profit

+ contingency + taxes

= Basic project cost  *  (1 + 0,2 + 0,1 + 0,1 + 0,2) 

= $78 000 * 1,6 

= $124 800 

Enter data in year 0 of "New" column of 

investment table.. 



Step 2b

Life Cycle Re-investments

Enter data in years 1 to end of "New" 

column of the investment table. 

Five year 

replacement 

costs 

= 25% of the initial investment 

(from manufacturer's recommendation) 

= 0,25 * $124 800 

= $31 200 

Year New

0 $124 800

1

2

3

4

5 $31 200

6

7

8

9

10 $31 200

11

12

13

14

15 $31 200

16

17

18

19



Steps 2a and 2b

New Investment and Re-investment

• There is no 20th year for 

reinvestment, even with 20 year 

analysis.

• Investments are considered to be 

made at the end of each year.

• At the end of the last year of 

analysis, the project is over.

• Further investment requires a new  

project with new analysis.

Year New

0 $124 800

1

2

3

4

5 $31 200

6

7

8

9

10 $31 200

11

12

13

14

15 $31 200

16

17

18

19



Step 2c - Annual Energy Costs

• New annual energy costs

=  New annual energy * cost of energy

Example

New annual energy costs  =  $132 000/yr    (from energy 

audit)



Step 2d

Annual O&M costs

Example 

• New O&M  =  $5 000/yr

(from manufacturer's recommendations) 



Step 2e - Other Annual Costs

• List other annual new costs that will be improved by the 

project, such as

- improved productivity

- reduced penalties 



Step 3

Calculate Differences

a) Life cycle investments

b) Annual savings



Step 3a – Life Cycle 

Investments

• Investments and

re-investments

• Only non-annual costs

• Spreadsheet subtracts

old costs from new costs.

• Net = new – old

Year New Old Net Amount

0 $124 800 $124 800

1 $ 0

2 $50 000 -$50 000

3 $ 0

4 $ 0

5 $31 200 $31 200

6 $50 000 -$50 000

7 $ 0

8 $ 0

9 $ 0

10 $31 200 $50 000 -$18 800

11 $ 0

12 $ 0

13 $ 0

14 $50 000 -$50 000

15 $31 200 $31 200

16 $ 0

17 $ 0

18 $50 000 -$50 000

19 $ 0



Step 3b – Annual Savings

Annual cost savings

= (old energy cost - new energy cost)

+ (old O&M - new O&M)

+ (old other - new other)

Example

Annual cost savings

= ($176 000 - $132 000)

+ ($2 500 - $5 000)

+ ($0 - $0)

= $41 500

Enter in appropriate input cell.

Annual Savings $41 500

Discount Rate

Analysis period (years)

Residual value



Step 4 - Choose Discount Rate
• Choose a discount rate r = 12% 

(from lender interest rate)

• Enter discount rate in appropriate input cell.

Annual Savings

Discount Rate 12%

Analysis period (years)

Residual value



Step 5 - Choose Analysis Period

• Choose analysis period T = 15 years.

• Enter analysis period in appropriate input cell.

Annual Savings

Discount Rate

Analysis period (years) 15

Residual value



Step 6 - Estimate Residual Value of 

Equipment

• What is equipment worth at end of analysis 
period?

• Rule of thumb:

Residual value = 10% of purchase price

• Residual value acts as a credit to the project in 
the final year.

• Estimate

residual value = $16 000

• Enter residual value

in appropriate input cell.

Annual Savings

Discount Rate

Analysis period (years)

Residual value $16 000



Step 7 - Calculate Present Value of Annual 

Savings

Let:  PVAS = Total present value of all annual savings

T = Total number of the years in the analysis 

ASt = Annual savings in the year t

• For each year:

PV of savings =  year’s savings divided by (1+ discount rate)

raised to the power of the year when the savings occur

• Total PV of savings during analysis period is the sum of all annual PVs.

15152211
1 )1(

1

)1(

1

)1(

1

)1(

1

r
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r
AS

r
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r
ASAS

T

t
ttPV











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





Step 7 - Calculate Present Value of Annual 

Savings

For T = 15 years

PVAS = $282 651

Year 0 1 2 3 4

Annual Savings $ 0 $41 500 $41 500 $41 500 $41 500

PV Annual Savings $ 0 $37 054 $33 084 $29 539 $26 374

 PV Annual Savings $282 651

13 14 15

$41 500 $41 500 $41 500

$9 511 $8 492 $7 582

...

...

...



Step 9 

Calculate Net Present Value (NPV)

• The net present value (NPV) of a project is its life cycle 
net savings.

• It is the absolute monetary value of a project.

• NPV = PVAS - PVI

Example NPV = $282 651 - $58 105

= $224 546

• NPV shows the total potential earnings of a project.

• NPV considers the effect of interest on future net 
savings.

• If NPV > 0, a project is profitable (economically feasible).

• NPV is a major decision making tool for project owners.



Step 10a - Calculate Savings-to-Investment 

Ratio (SIR)

• Savings-to-investment ratio (SIR)

= present value of savings / present value of 

investments 

= PVAS / PVI

Example SIR = $282 651 / $58 105

= 4,9

• If SIR > 1,0 a project is profitable (economically 

feasible).

• SIR may also be important for project owners.



Step 10b - Calculate Internal Rate of Return 

(IRR)

• IRR is a hypothetical discount rate that causes SIR = 1,0 

or NPV = 0.

• IRR requires an iterative calculation, easy for a 

computer.

• If the IRR ≥ the discount rate used in the analysis, the 

investment is worthwhile (economically feasible).

• A high IRR earns more profit per investment dollar.

• IRR is a major decision making tool for lenders, usually 

the first question they ask.

• Investors may each arbitrarily set their own minimum 

acceptable IRR, called a "hurdle rate."



Outputs

• A positive NPV (net present value) shows how 

much money the project will make in its lifetime. 

• A negative NPV shows how much money a 

project will lose.

• NPV shows a project's absolute feasibility in 

terms of money.

• Example:  NPV = $ 224 546



Outputs (cont.)

• SIR = 4,9 

• The SIR (savings-to-investment ratio) is the 

same as a benefit / cost ratio. 

• With SIR > 1,0 the project makes more money 

than it costs. 

• With SIR < 1,0 the project costs more than it 

makes. SIR shows a project's relative feasibility.



Outputs (cont.)

• IRR = 42% 

• IRR (internal rate of return) is the interest in percent that 
the project's investment will earn. 

• Calculated by finding the theoretical discount rate for 
which NPV = 0, or SIR = 1,0. 

• Theoretically, any project with an IRR greater than the 
company's cost of capital is profitable (and will have 
positive NPV). 

• Companies set "hurdle rates" for IRR. A hurdle rate is 
an arbitrary minimum IRR that the company will accept 
for implementing projects. Hurdle rates are normally 
higher than a company's cost of capital, so only higher 
profit projects are selected.



Outputs (cont.)

• SPB = 3,0 

• Simple payback (SPB), expressed in years, 
does not discount its input or consider future re-
investment costs. SPB is only useful for projects 
with very quick return. 

• If a project can pay back in a year, for example, 
there is little need to calculate discounted future 
values. 

• For longer paybacks, SPB becomes inaccurate. 


