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Abstract – Historically investment decisions relating to residential buildings have tended to be based on estimates of the 
initial construction cost, with little or no consideration for costs relating to operation and maintenance throughout the life of 
the building. Sharply rising operating, maintenance and energy costs have highlighted the opportunity for overall savings in 
the life of a building that can be achieved by investing in more cost efficient solutions initially. The study done against this 
academic paper includes the operations and maintenance (O&M) costs incurred and issues faced in 10, 20 and 27 year old 
residential building. Comparative Life Cycle Cost analysis (LCCA) was done on new building with ‘do nothing’ versus 
‘energy efficient’ approach.  
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I. INTRODUCTION 
 
We would like to open this paper by reminding the 
‘’de Sitters Law of Five’s’’. It states that ‘’one 
sterling pound spent on getting a structure designed 
and build correctly is as effective as five sterling 
pounds spent in subsequent preventive maintenance 
in the pre-corrosion stage. This one sterling pound is 
as effective as 25 sterling pounds spent in repair and 
maintenance when local corrosion is taking place and 
this is as effective as one hundred and twenty five 
sterling pounds spent when overall corrosion has 
occurred and where major repairs become necessary, 
possibly including replacement of complete 
members.’’  
 
In India the concept of building maintenance has not 
penetrated deep and wide into the owners and 
professionals engaged in the building industry. This 
paper would surely generate some ripples of interest 
amongst readers and patrons in this sector.  
 
India’s housing sector alone has assets worth more 
than Rs 50,000 crore and will require more than Rs 
17,000 crore for repair and maintenance every 
year.[8] Instead of housing owners selling their assets 
after 12 years and invest in a new property, they 
should be wise enough to spend on regular 
maintenance. Also builders must make use of blended 
cement, steel bars, advanced waterproofing materials 
and non-conventional energy options in new age 
housing construction designs.   
 
In this paper study various old multi storied 
residential buildings were surveyed. Builders, flat 
owners and society members of respective buildings 
were approached with series of questions related to 
design, maintenance issues, O&M costs, and 
structural audit report. Based on this survey 

comparative study of life cycle costs of O&M for 
new building with ‘do nothing’ approach and ‘energy 
efficient’ approach has been done. Net Present Value 
(NPV) method was considered to calculate LCC of 
these buildings using both the approaches to arrive at 
net savings possible in the considered life cycle span. 
 
II. DEFINITION OF LCCA APPLIED TO 

BUILDINGS 
 
Life Cycle Cost analysis (LCCA) is defined as an 
estimation of the monetary costs of the funding, 
design, construction, operation, maintenance and 
repair, component replacement and sometimes 
demolition of a building. It may be applied to new 
designs or to existing structures, in the latter case 
enabling residual life and value to be estimated. 
LCCA relies on predicting when elements of the 
building and its services will deteriorate to a 
condition where intervention is needed, and what the 
discounted cost of each intervention will be.  
Formula (1) to calculate Life Cycle Cost using Net 
Present Value method 
LCCNPV = Ct / ( 1 + r )t                                (1) 
Where, Ct – Cost in the year t 
 
   r – discount rate is calculated as follows (2) 
(1 + r) = (1 + interest rate) / (1+ inflation rate)      (2) 
 
III. OBJECTIVE AND SCOPE OF STUDY 
 
1. The survey of varying operations and 

maintenance (O&M) costs of the existing 
residential buildings10, 20 and 27 years old.  

2. Economic inflation and interest rates in India for 
the past years. 

3. Referring the surveyed old buildings extrapolate 
the O&M costs for the new building for future 30 
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years using Net Present Value (NPV) method of 
LCC calculation. 

4. Suggesting energy efficient options to reduce the 
LCC of New building.  

5. Net Savings of capital employed for energy 
efficient options.   

6. Building structures in and around Pune and 
Pimpri-Chinchwad area in Maharashtra, India 

7. Elements of O&M costs – Plumbing, flooring, 
coloring, waterproofing, electrical expenses, 
periodic repairs. 

 
IV. LITERATURE SURVEY  
 
JuttaSchade discusses relationship between design 
choices and the resulting lifetime cost in the early 
design phase of a building, the paper by W.B.Trusty, 
J.K.Meil presents the results of a partial life cycle 
environmental assessment of three alternative designs 
of a custom single family home, the research study by 
Steven Blanchard on 2450 square ft home in 
Michigan was based on Life Cycle energy 
consumption of materials, life cycle global warming 
potential and life cycle costs, the paper by Helena 
Moussatche considers flooring alternatives for 
building evaluated using service life-cycle-cost 
(LCC) analysis based on the 50- year service life 
specified by Florida department of education, 
inflation and interest trends in India were referred 
from (4), solar and wind energy options were referred 
from (5). 
 
V. CASE STUDY  
 
Three buildings with varying age up to 27 year were 
selected so as to know the common O&M issues 
faced and costs incurred thereof by the flat owners 
and society members over the years. A series of  

 
Table I - O&M of old buildings 

 
 
Questions were asked to each of the flat owners and 
building society panel members to get to know these 
details. Past and current energy bills, annual reports 
of the society, audit report, if any, and the repair bills 
by flat owners were referred to.  A summary of O&M 
cost details received for these buildings are shown in 
Table I. 
 
Based on this survey the major pie (59%) of O&M 
costs (Figure 1) are due to electricity expenses for the 
society and the energy bills to individual flat owners. 
The details show that the major spikes in the energy 

bills for individual flat owners are due to electrical 
appliances like water heaters (82% owners) and air 
conditioners (10% owners). Also higher energy bills 
of the society are due to water pumping costs and 
passenger lifts. Hence, this study has been targeted at 
minimizing the LCC of new building (under study) 
by considering energy efficient options. 
 
Due to urbanization population density of the city is 
on the rise and the demand for high rise buildings (10 
floors and more) is going northwards. This has 
further spiked the demand for per capita water  

 
Figure - 1 Proportion of O&M cost elements 

 
consumption (drinking and domestic use) and also the 
electricity demand (for water pumping, passenger 
lift).  LCCA APPLIED TO NEW BUILDING 
 
New building considered in the study is having 10 
floors with 4 flat on each floor in Pune area in which 
all the occupants have moved into their own flats in 
the year 2013 and society has been formed. Total cost 
of construction of the building excluding builder’s 
profit is INR 70,000,000.  
 
Table II shows the O&M data retrieved from the 
society for the year 2013. Average energy units 
consumed per flat per day is 7 KWH. Average energy 
unit consumed per day by society’s electrical 
appliances including passenger lift and water pump is 
60 KWH.  
 
From the old buildings surveyed the non-annually 
occurring O&M intervals are as in Table III. For our 
calculations we have considered 7 years interval for 
waterproofing, 10 years for coloring and 4 years for 
plumbing/piping and drainage. 
 
Present day cost of exterior wall coloring is INR 9 per 
square feet, cost of waterproofing is INR 10 per   
 

Table II – New building O&M costs for first year 

 
Table III – Non-annual recurrence of O&M 

Building 
Name

Age of 
building

Waterpro
ofing (non-
annual) 
INR

Coloring 
(non-
annual) 
INR

Electricals 
Operation
s  (annual) 
INR

Plumbing/ 
Piping/ 
Drainage 
(non-
annual) 
INR

Repairing 
Cost  
(annual)
INR

KanchanBan 10 Years 91667 17333 1123983 263504 163300

ParijatBan 27 Years 68225 147014 894122 143450 278171

Atharva Ved 20 Years 18250 126250 357053 174560 137764
Total 178142 290597 2375158 581514 579235

No of 
years

Year Average 
Energy Bill 
(annual)
INR

Waterproofi
ng (non-
annual)
INR

Coloring 
(non-
annual)
INR

Electricals 
Operations  
(annual)
INR

Plumbing/ 
Piping/ 
Drainage 
(non-
annual)
INR

Repairing 
(annual)
INR

1 2013 336000.00 0.00 0.00 180000.00 0.00 23000.00
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square feet, and electricity rate is INR 5 per square 
feet in Pune. 
 
INFLATION AND INTEREST RATE TRENDS IN 
INDIA 
Inflation Rate in India is reported by the Ministry of 
Commerce and Industry, India. The wholesale price 
index (WPI) is the main measure of inflation. The 
WPI measures the price of a representative basket of 
wholesale goods. In India, wholesale price index is 
divided into three groups viz. primary articles (20.1 
percent of total weight), fuel and power (14.9 
percent) and manufactured products (65 percent). 
 
Interest Rate in India is reported by the Reserve Bank 
of India. Interest Rate in India averaged 6.60 Percent 
from 2000 until 2013, reaching an all-time high of 
14.50 Percent in August of 2000 and a record low of 
4.25 Percent in April of 2009. In India, interest rate 
decisions are taken by the Reserve Bank of India's 
Central Board of Directors. The official interest rate 
is the benchmark repurchase rate.  
 
The above trends (Figures 2, 4 and 5) show average 
forecast values as 7.8% for inflation and 8% for 
interest rate in India. We will consider average 
optimistic values as 10.6% interest rate and 7.3% 
inflation rate for next 30 years for LCC calculations. 
Based on this information future O&M cost 
calculations for 30 years have been done using NPV 
method. The results are shown in Table IV. 

 
Table IV - LCC for new building w/ ‘Do nothing’ approach 

 
Meteorological data of Pune area shows that its 
average temperature around the year is 33 degree 
Celsius, average wind speed is 2.8 m/sec and summer 
season lasts for 3 months and rainy season for 3 
months. 
Energy efficient options proposed for this building  
 
1. Provide solar water to each flat in the building at 
least for morning 3 hours for 9 months in the year 
(excluding summer season). 
 
2. Making use of Hybrid system of Solar and Wind 
energy to generate power which would be used for 
passenger lift, general lighting and intermittently for 
water pumps.  
 
As 55% of domestic electrical consumption is 
attributed to water heating in this part of India, total 
water consumption for the building @ 100 lit per flat  
is 4000 ( = 100*40)  liters per day. The cost of Solar 
Water panel of capacity 4000 liters is INR 5,00,000 
approx. This solar heater can save up to 3 KWH per 
flat which is used in heating water. 
 
The cost of a hybrid system which is a combination 
of Solar Cells and Wind Mill which can generate 13 
KW energy at peak hours including battery is INR 
15,00,000 approx. Hybrid system consists of 1 Wind 
mill of 5 KW power and 54 PV panels of 144 W each 
and a storage battery which can supply power to lift 
and also to water pump. Maximum power generated 
by Hybrid system per day is 35 KWH. Total electrical 
Units saved per day in the building considering 85 % 
efficiency of Hybrid system is 30 KWH.  

Table V - LCC for new building with ‘Energy-Efficient’ 
approach 

 

Building 
Name

Waterproofing 
(non-annual)

Coloring (non-
annual)

Plumbing/ Piping/ 
Drainage (non-
annual)

KanchanBan 7 years 10 years 4 years

ParijatBan 12 years 11 years 3 years

Atharva Ved 12 years 09 years 5 years

Interval of non annually  occuring O&M
No of 
years

Year Average 
Energy Bill 
(annual)
INR

Waterpr
oofing 
(non-
annual)
INR

Coloring 
(non-
annual)
INR

Electricals 
Operations  
(annual)
INR

Plumbing/ 
Piping/ 
Drainage 
(non-
annual)
INR

Repairing 
(annual)
INR

1 2013 336000.00 0.00 0.00 180000.00 0.00 23000.00

2 2014 358946.09 0.00 0.00 192292.55 0.00 24570.71

3 2015 371000.25 0.00 0.00 198750.13 0.00 25395.85

4 2016 383459.21 0.00 0.00 205424.58 60000 26248.70

7 2019 423403.17 45364.63 0.00 226823.13 0.00 28982.95

14 2026 533542.39 57165.26 0.00 285826.28 0.00 36522.25

20 2032 650487.23 0.00 418170.36 348475.30 116158.43 44527.40

21 2033 672331.95 72035.57 0.00 360177.83 0.00 46022.72

28 2040 847224.64 90774.07 0.00 453870.34 151290.11 57994.54

29 2041 875676.21 0.00 0.00 469112.26 0.00 59942.12

30 2042 905083.25 0.00 581839.23 484866.03 0.00 61955.10

Total 17839834 265340 1300550 9557054.08 627345.69 1221179.13

30811303.13Total Life Cycle Cost of O&M Expenses

No of 
years

Year Average 
Energy Bill 
(annual)
INR

Waterproo
fing (non-
annual)
INR

Coloring 
(non-
annual)
INR

Electricals 
Operations  
(annual)
INR

Plumbing/ 
Piping/ 
Drainage 
(non-
annual)
INR

Repairing 
(annual)
INR

1 2013 264000.00 0.00 0.00 90000.00 0.00 23000

2 2014 282029.07 0.00 0.00 96146.27 0.00 24570.71

3 2015 291500.20 0.00 0.00 99375.07 0.00 25395.85

4 2016 301289.38 0.00 0.00 102712.29 60000.00 26248.70

8 2020 343845.80 45364.63 0.00 117220.16 78146.77 29956.26

15 2027 433289.89 57165.26 0.00 147712.46 0.00 37748.74

20 2032 511097.11 0.00 418170.36 174237.65 116158.43 44527.40

24 2036 583288.38 0.00 0.00 198848.31 132565.54 50816.79

29 2041 688031.31 90774.07 0.00 234556.13 0.00 59942.12

30 2042 711136.84 0.00 581839.23 242433.01 0.00 61955.10

Total 13753012.64 265339.52 1300550.44 4688527.04 627345.69 1198179.13

21832954.46Total Life Cycle Cost of O&M Expenses
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Life cycle cost calculation for O&M costs and 
savings are calculated as follows: 
Capital cost of Energy Efficient Systems = INR 
2,000,000. 
LCCO&M of do-nothing approach = INR 
30,811,303.13 
LCCO&M energy-efficient approach = INR 
21,832,954.46  
Total Cost Saved = INR 8,978,348.67 
 
CONCLUSION  
 
Life Cycle Cost Analysis (LCCA) as applied to the 
O&M costs of a building can aid to foresee the future 
impact of the decision made at initial stage. In the 
above case study the construction company could 
have deployed the energy efficient system at the 
construction stage itself. The capital cost incurred is 
just 3 % of the total building cost, but the savings in 
O&M over the span of 30 years is over 30%.   
 
On the other hand the building occupants can also 
invest around INR 2,000,000 partly by down payment 
and partly by taking debt. The cash flow statements 
of each year along with the LCCA data can assist in 
arriving at payback period of money invested.   
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