
Over the years, preventive maintenance has been more
popular in principle than in practice. One scarcely can argue
with the idea of keeping equipment well maintained to
extend its expected life and avoid future repair costs. But
the economic value of that strategy is difficult to determine.

For example, repair and maintenance account for
about 15 percent of total expenses, according to the
Building Owners and Managers Association (BOMA)
Experience Exchange Report for the year 2000. Although
the report does not distinguish between repairs and
preventive maintenance, estimates suggest that the lat-
ter may account for between 30 percent and 50 percent

of repair and maintenance costs, or from 4.5 percent to
7.5 percent of annual operating costs.

Although not an overwhelming number, this is a
significant amount. Can it be justified?

To answer this question, an analysis of preven-
tive maintenance was conducted at a large telecom-
munications firm. The corporate real estate man-
agers of the company believed that their preventive
maintenance program had been significantly under-
funded for years. They wanted to ask corporate
management for additional funds but needed finan-
cial backup to support their request. The managers
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A sophisticated financial study of the costs and
payoff of preventive maintenance at one large
company reveals a tremendous savings

ustifying investments in physical assets is often a difficult challenge for facil-
ity executives. That's especially true when the decision involves keeping exist-
ing systems in good working order by investing in preventive maintenance.
But a detailed analysis conducted at one large company — based on an assess-—

ment of the value of preventive maintenance in terms of key financial ratios —
shows that an investment in prevention can have a tremendous payoff.
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had to show a significant return
on any proposed investment. 

BUILDING A FINANCIAL MODEL
The goal of the analysis was to develop
a system that would quantify the net
present value and return on invest-
ment of investing in preventive main-
tenance. The analysis identified:

• Actual cost of preventive main-
tenance 

• Effects of preventive mainte-
nance on expected useful life

• Cost of repair/corrective main-
tenance 

• Frequency of required repairs
when equipment is not main-
tained

• Cost of replacing equipment 
• Effect of preventive mainte-

nance on energy consumption
• Expected useful life of equipment
Approximately 12 percent of the

company's entire portfolio of 119 million
square feet was surveyed to identify:

• Type of equipment in each
building (e.g., chillers) 

• Age of equipment
• Amount of equipment 

(e.g., number of chillers) 
• Annual preventive maintenance

expenditures for equipment
• Size of equipment (e.g., tons)
The team proceeded on the

assumption that this proxy portfolio
was representative of the full corporate
portfolio. Average size and age were
calculated for each piece of equip-
ment, limiting the study to the 15
pieces of equipment shown in Table 3. 

The most difficult information to
obtain was the effect of maintenance on
the expected useful life of equipment.
The team studied textbooks, spoke
with industry experts and manufac-
turers, and reviewed articles on pre-
ventive maintenance, but few sources
provided estimates of the amount of life
added. The study settled upon the
most conservative estimates from
equipment manufacturers, reference
books and sales material.

The team used the data to build a
financial model. The assumptions built

into the model are shown in Table 4.
(Because lost revenue due to down-
time couldn't be quantified, zero
downtime was used in the model.)

Here is a simple illustration of the
type of analysis conducted. Replacing
a hypothetical 10-year-old, 7-horse-
power air compressor would cost
$32,900. Is an investment in preven-
tive maintenance justified?

Information obtained by the team
showed that the compressor should
last 20 years with proper preventive
maintenance but only 16 years with-
out it. Proper preventive maintenance
will cost $472 per year. Repairing the
compressor will cost $944 per inci-
dent. If maintained properly, it will
need to be repaired once every four
years. If not, repairs will be needed
every three years. Assuming a time
frame of 25 years, is an investment in
preventive maintenance justified?

The cost to repair the equipment
translates into $236 per year with pre-
ventive maintenance; without it, that
cost comes to $315 per year. With pre-

BUILDING THE  FINANCIAL MODEL
The financial analysis of preventive maintenance was based on a study of
15 types of equipment in a large telecommunications firm's portfolio.

Energy
EUL EUL PM RM Efficiency Replacement

Equipment (Years) Degradation Cost Cost Degradation Cost

Air compressors 20 20% $472 $236 35% $4,700/HP
Air handlers 20 20% $501 $193 50% $1/cfm
Boilers 30 20% $691 $2,121 7% $20/MBH
Centrifugal chillers 23 36% $5,500 $0 23% $1,000/ton
Reciprocating chillers 20 36% $4,400 $0 23% $1,000/ton
Cooling towers 20 20% $300 $0 35%* $90/ton
Condensers (air cooled) 20 20% $204 $188 30% $290/ton
DX units 15 50% $200 $1,600 20% $1,200/ton
Early-warning fire detection 15 20% $534 $0 N/A $150/detector

(EWFD) systems
Centrifugal pumps 20 20% $102 $891 N/A $2,110/hp
Fire pumps 20 20% $1,650 $891 N/A $40,000
Switchgear 30 10% $27 $21 N/A $11,000
Parking lots 100 90% $0.07/sf $0 N/A $2.46/sf
Roofs 20 25% $0.12/sf $0 N/A $10/sf
WeatherproofingWeatherproofing 7575 50%50% $0.33/sf$0.33/sf $0$0 N/AN/A $18/sf$18/sf
*CHILLER EFFICIENCY

TABLE 3TABLE 3

EUL: estimated useful life
EUL degradation: percentage of EUL lost if preventive maintenance

is not performed
PM cost: annual cost of preventive maintenance
RM cost: annual cost of repairs with proper preventive maintenance
PM energy efficiency degradation: percentage decrease in efficiency

if PM is not performed

The costs of preventive maintenance, repair maintenance and
equipment replacement were obtained primarily from data
published by R.S. Means, a supplier of construction cost data.
Expected useful life data were obtained primarily from the American
Society of Heating, Refrigeration and Air-Conditioning Engineers.



ventive maintenance, the compressor will need to be replaced
in year 10; otherwise, it will have to be replaced twice, in year
6 and year 20. Comparing the two scenarios indicates that
the preventive maintenance scenario has a net present value
of $6,359.

If the time period is extended to 30 years, the compressor
will  need to be replaced twice in the preventive
maintenance scenario. This reduces the NPV to
$4,338. In either case, the investment in preventive
maintenance is clearly justified economically.

For purposes of simplicity, this example does not
consider inflation, residual value, energy or lost
revenue from downtime. If residual value (how
much the compressor is worth after year 25) is fac-
tored in, for example, the NPV would decrease.
But each of the other factors would cause an increase
in NPV that would more than compensate for the
effect of the residual.

THREE SCENARIOS
The team considered three different preventive
maintenance programs or scenarios.

Scenario 1 involved no preventive maintenance.
Obviously, the cost of preventive maintenance is zero
in this scenario. The cost of repairs, the cost of energy
and the frequency of equipment replacement will
increase, however, because the equipment will  not be
properly maintained. The amount of energy degra-
dation and expected life degradation is based on the
research previously mentioned. It is also assumed
that the frequency of repairs will increase in an amount
similar to the expected-life degradation. For example,
the research indicated that, even with proper main-
tenance, a compressor would need to undergo minor
repair every four years. The model assumes that this
repair frequency will  increase by 20 percent when the
compressor is not properly maintained, adding repair
costs over the life of the compressor.

Scenario 2 was based on the company's current preven-
tive maintenance levels. In this scenario, the cost of preventive
maintenance represents the actual amount spent by the
company. For most of the 15 types of equipment, significantly
less was being invested than recommenda-

tions based on benchmarks collected by the team. In these
cases, the amount of energy and expected-life degradation
was extrapolated between the no-preventive-maintenance sce-
nario and the industry benchmark scenario. For example, an
air compressor's expected life will  decrease by 20 percent if
not maintained, and proper maintenance will cost $472 per
year. If the company spent $236 (half the recommended
amount) on compressor maintenance, the expected life
would decrease by 10 percent instead of 20 percent.

Scenario 3 used industry benchmark levels of preven-
tive maintenance. In that scenario, the model assumes
that the company spends the industry benchmark

amount on preventive maintenance activities. This sce-
nario also assumes that the equipment will  last its full
expected life and that energy performance will  not degrade
over the life of the equipment.

For each scenario, the team calculated the yearly cost of
operating a piece of equipment and built a timeline of expen-
ditures. The cost consisted solely of energy, repair mainte-
nance, preventive maintenance and equipment replace-
ment. To calculate the cost of energy, the model assumes an
average figure for annual operating hours and an average effi-
ciency. In scenarios 1 and 2, efficiency was degraded based
on the amount of preventive maintenance performed.

The average life of each piece of equipment was used to
determine when the equipment would need to be replaced.
For example, the average age of an air compressor in the
company's portfolio was 17 years. The expected useful
life of an air compressor is 20 years with preventive main-
tenance, so in years 3 and 23 of the scenario 3 analysis, the

ASSUMPTIONS

Discount rate [return earned on money when invested] 10%

Inflation rate 3%

Time horizon 25 years

Nonproductive load time 10%
[amount of time assumed spent on nonwork 
activities (vacation, sick days, breaks, etc.), used
to calculate the cost of maintenance based on
work-hour estimates]

Lost revenue due to downtime $0

TABLE 4TABLE 4TABLE 4

$0.007$0.00

$0.058

$0.022

$0.064

$0.046

$0.008$0.00

$0.004$0.00

$0.003$0.00

$0.004$0.00

$0.004$0.00

$0.015

$0.002$0.00

$0.023

$0.017

Air compressors

Air handlers

Boilers

Centrifugal chillers

Reciprocating chillers

Cooling towers

Condensers (air cooled)

DX units

EWFD systems

Centrifugal pumps

Fire pumps

Switchgear

Parking lots

Roofs

Weatherproofing $0.053

PREVENTIVE MAINTENANCE:
HOW MUCH IS ENOUGH?

Industry benchmarks for amounts to spend on preventive maintenance (in dollars per
square foot) for one large telecommunications firm, based on equipment size and type.
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RETURN ON INVESTMENT

TWO VIEWS OF THE VALUE OF
PREVENTIVE MAINTENANCE
Two key corporate measures of the value of any investment aare 
nrt present value and return on investment. By both measurees,
preventive maintenance is generally a solid investment.

NET PRESENT VALUE

compressor needed to be replaced. Without
preventive maintenance (scenario 1), the
expected useful  l ife of the compressor is
assumed to be 16 years, so for purposes of the
study it needs to be replaced in years 1 and 17
of the analysis. (The actual compressors in the
company's portfolio may have received some
preventive maintenance.)

Obviously, replacing equipment in later years
is superior to replacing equipment in early years.
The analysis indicates that the expense of replace-
ment can be pushed out over time by properly
maintaining the equipment.

For each piece of equipment, the net present
value and return on investment of scenario 1
(no preventive maintenance) were compared to
those for scenario 3 (industry benchmark pre-
ventive maintenance).

Scenario 2 (current preventive maintenance)
was also compared to scenario 3 to determine the
effect of increasing spending on preventive main-
tenance. The analysis also considered the port-
folio as a whole by adding up all  the expenditures
and calculating an overall  net present value and
return on investment.

The results of the analysis were overwhelm-
ingly positive: Compared to no preventive main-
tenance, an investment in preventive mainte-
nance not only pays for itself but also produces
a huge return.

At the portfolio level, the analysis indicated
a net present value of $2 billion over a 25-year
period for a $39-million-per-year ($0.33/sf.) pre-
ventive maintenance program. That represents a
return on investment of 545 percent. The bulk
of the return comes from increasing the useful life
of equipment. Energy savings account for approx-
imately 7 percent of the return.

A 545 percent ROI seems like a huge return,
and it is. Consider, however, the cost of just one
piece of equipment: a chiller. The average size of
the company's chillers was 350 tons. At $1,000
per ton, chill ers would cost an average of
$350,000 to replace.

Maintaining the chiller costs $5,500 per year,
and proper maintenance adds years to the equip-
ment's life, avoiding the extremely large capital
outlay needed to replace it. The longer the capi-
tal expense can be delayed, the higher the return
on investment.

Maintaining all the equipment in the portfolio
produces significant returns, which offers a pow-
erful argument for the value of preventive main-
tenance and the dramatic impact it can have on real
estate investments. 

Wei Lin Koo is a vice president with Jones Lang
LaSalle's Strategic Consulting group. Tracy Van
Hoy, P.E., is vice president of engineering and
operations for the firm.

This article appeared in the December 2002 issue of Building Operating Management

and is reprinted here with permission.
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