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Planning cost

 The cost function maps many multi-dimensional 

parameters into a common basis, for example, 

materials, equipment, land, labor, taxes, 

maintenance etc. to dollar/rupees. 

 The planning cost can be of two types:

 Initial investment cost

 Operational/recurring cost
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Fixed cost vs. Variable cost 

 Fixed costs are those which do not vary as a function of any 

variable element of the plan or engineering analysis, for example, 

the annual cost of taxes, insurance, inspection, scheduled 

maintenance, testing, re-certification etc. 

 Variable costs do vary as a function of the different variables, for 

example amount of loading. Thus, the cost associated with 

power/energy loss is a variable cost. 

 In many engineering economic evaluations, fixed costs include all 

costs except variable costs of operation such as fuel and losses.
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Time worth of money 

 Any utility planner must deal with two types of time versus 

money decisions.

 The first involves deciding whether a present expense is 

justified because it cancels the need for a future expense 

of a different amount.

 A second and related cost decision involves determining if 

a present expense is justified because it will reduce future 

operating expenses by some amount.

4

Ope
rat

ion
 an

d P
lan

nin
g o

f P
ow

er 
Dist

rib
uti

on
 Sys

tem
s 

Prof
. S

an
jib

 G
an

gu
ly 

Dep
art

men
t O

f E
EE  

IIT
 G

uw
ah

ati
 



Time worth of money 

 The value of money changes with time. The value of Rs

100 of today is different as compared to the value of Rs

100 after five years. 

 Therefore, the timing of the investment is very crucial. 

 Some costly investments, for example substation size, 

conductor size, may be found to be beneficial to avoid 

future investment.  
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Present worth analysis

 Present worth analysis is a method of measuring and 

comparing costs and savings that occur at different times 

on a consistent and equitable basis for decision-making.

 It is based on the present worth factor, P, which represents 

the value of money a year from now in today's terms. 

 The value of money at any time in the future can be 

converted to its equivalent present worth as:

𝑉𝑎𝑙𝑢𝑒 𝑡𝑜𝑑𝑎𝑦 𝑜𝑓 𝑋 𝑑𝑜𝑙𝑙𝑎𝑟𝑠 𝑡 𝑦𝑒𝑎𝑟𝑠 𝑎ℎ𝑒𝑎𝑑 = 𝑋 × 𝑃𝑡

where, P is the present worth factor and t=future year.
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Discount rate 

 Present worth analysis discounts the value of future 

costs and savings versus today's costs and savings. 

The discount rate used in an analysis, d, is the 

perceived rate of reduction in value from year to 

year. 

The present worth factor is related to this discount 

rate: 𝑃 𝑡 = 1/ (1 + 𝑑)

where, d=discount rate.
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Determinations of the present 

worth factor and discount rate
 There is no rule or set of guidelines.

 For planning purposes, the present worth factor should be 

regarded simply as a value that sums up all the reasons why 

a company would prefer to spend money tomorrow rather 

than today.

 The discount rate is fixed by the utility's financial planners 

based on various interest rates, for example, the prime rate, 

rates quoted for mortgages etc. 

 In general, interest rates reflect the level of risk that creditors 

see in a person, institution, or business model. A low element 

of risk means a relatively low interest rate, and vice versa.
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Inflation 

 Inflation raises the cost of everything involved in 

distribution planning cost analysis. 

 If inflation is 3%, then on average a year from now 

equipment will cost 3% more, labor will cost more 3% 

more etc.

 Inflation is not one of the factors normally taken into 

account by the present worth factor.

 Actually, planners and executives know that inflation will 

not impact every cost equally, but small variations in 

individual economic sectors have proven impossible to 

predict. 
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Levelized Analysis

 Levelized analysis is a method of 

applying time-value-of-money 

analysis to initial and future costs to 

develop an equivalent constant 

annual cost.
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Levelized cost

 Often, it is useful to compare projects or plans on the basis of 

their average annual cost, even if their actual costs change 

greatly from one year to the next. 

 This involves finding a constant annual cost whose present 

worth equals the total present worth of the plan.

 Levelized cost analysis is a particularly useful way of 

comparing plans when actual costs within each vary greatly 

from year to year over a lengthy period of time.
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Levelized cost

 In general, the present worth, Q, levelized over the next n 

years is: 

𝐿𝑒𝑣𝑒𝑙𝑖𝑧𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑄 𝑜𝑣𝑒𝑟 𝑛 𝑦𝑒𝑎𝑟𝑠

= 𝑄(𝑑 × (1 + 𝑑)𝑛)/( 1 + 𝑑 𝑛 − 1)

where, d=discount rate and t=future year
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Levelized cost13
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Levelized cost: Example 

Alternative A calls for building the new substation 

with two 25 MVA transformers.

The substation is actually now completed in year 

three, in time to be on line by year four. 

Alternative B defers the second transformer by four 

years (installation deferred from year 3 to year 7). 

14

Ref. H. Lee. Willis. Power Distribution Planning Reference Book

Ope
rat

ion
 an

d P
lan

nin
g o

f P
ow

er 
Dist

rib
uti

on
 Sys

tem
s 

Prof
. S

an
jib

 G
an

gu
ly 

Dep
art

men
t O

f E
EE  

IIT
 G

uw
ah

ati
 



Levelized cost: Example 

Comparison for an Eight-Year Period

15

Year of 

planning

Load-MW Alternative A: Build initially with 

two transformers (in ×1000 $) 

Alternative B: Build initially with 

one transformer (in ×1000 $)

Capital O&M&T Losses Capital O&M&T Losses

0 -

1 - 20 20

2 - 370 290

3 12.0 1010 52 54 690 44 39

4 15.5 110 119 92 99

5 18.5 110 130 92 122

6 21.3 110 142 80 92 147

7 23.8 110 155 562 101 164

1400 492 600 1642 321 571

Total=2492 Total=2534
Ref. H. Lee. Willis. Power Distribution Planning Reference Book
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Levelized cost: Example 

Comparison of Yearly Present Worth by Category for an Eight-Year Period

16

Year PWF Load-MW Alternative A: Build initially with 

two transformers (×1000 $) 

Alternative B: Build initially 

with one transformer (×1000 $)

Capital O&M&T Losses Capital O&M&T Losses

0 1.0 -

1 0.90 - 18 18

2 0.81 - 300 235

3 0.73 12.0 736 38 39 503 32 28

4 0.66 15.5 72 78 60 65

5 0.59 18.5 65 77 54 72

6 0.53 21.3 58 75 43 49 78

7 0.48 23.8 53 74 269 48 78

1054 286 343 1068 243 321

Total=1683 Total=1632Ref. H. Lee. Willis. Power Distribution Planning Reference Book
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Levelized cost: Example 17
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Steps to find out levelized cost 

 The steps to find the levelized cost of a project are: 

 (1) find the present worth of the project, 

 (2) apply the equation to the find the levelized cost

 As an example, using Alternative A's calculated total 

present worth of $1683000, that value can be levelized over 

the seven-year period in the table as: 

= $1684000(.1111 1.1111 7/(1.11117 − 1))

= $358,641

By contrast, Alternative B has a levelized cost over the same period of $347,780.
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Levelized cost: Example 
19

Year PWF Capital cost Energy cost Total cost PW

1 0.9 $2 $23 $25 $22.5

2 0.81 $23 $23 $18.63

3 0.73 $23 $23 $16.77

Total present worth $57.9

Year PWF Capital cost Energy cost Total cost PW

1 0.9 $8 $13 $21 $18.95

2 0.81 $13 $13 $10.53

3 0.73 $13 $13 $9.48

4 0.66 $13 $13 $8.53

5 0.59 $13 $13 $7.69

Total present worth $55.11

Incandescent 

Lamp

Halogen Lamp

Ref. H. Lee. Willis. Power Distribution Planning Reference Book

Levelized cost=$ 23.74/year

Levelized cost=$14.95/year
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Levelized cost: Example 
20

Year PWF Capital cost Energy cost Total cost PW

1 0.9 $17 $ 8 $25 $ 22.5

2 0.81 $ 8 $ 8 $ 6.48

3 0.73 $ 8 $ 8 $ 5.83

4 0.66 $ 8 $ 8 $ 5.25

5 0.59 $ 8 $ 8 $ 4.72

6 0.53 $ 8 $ 8 $ 4.25

Total present worth $ 49.04

Fluorescent Lamp

Ref. H. Lee. Willis. Power Distribution Planning Reference Book

Levelized cost=$11.62/year
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H. Lee. Willis. Power Distribution Planning 

Reference Book; CRC press; 2nd Edition, 

Revised and Expanded, 2004. 
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Thank You….
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