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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.

Over the years, preventive maintenance has been more
popular in principle than in practice. One scarcely can argud
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 thd
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 2
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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had to show a significant return
on any proposed investment.

BUILDING A FINANCIAL MODEL
The goal of the analysis was to develor
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
e 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 tc
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 fou
years. If not, repairs will be needed
every three years. Assuming a time
frame of 25 years, is an investment ir
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-
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BUILDING THE FINANCIAL mobEeL

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

\ —_-l-“
Air handlers 20% $501 $193 50% $1/cfm

__gg_ |
Centrifugal chillers 23 36% $5,500 $0 23% $1,000/ton
\ -_-I--

Cooling towers 20 20% $300 35%’ $90/ton

DX units

50% $200 $1,600

20% $1,200/ton

Centrifugal pumps

Switchaes
r

Roofs 20

20% $102 $891

90% 50
25% $0.12/sf 50

$2,110hp

—_-l-_ \
0 100 §27 ] N/A

N/A $10/sf

Weatherproofing 75 50%  S0st S0 NAL |

*CHILLER EFFICIENCY

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

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.

PM energy efficiency degradation: percentage decrease in efficiency

if PM is not performed

Expected useful life data were obtained primarily from the American
Society of Heating, Refrigeration and Air-Conditioning Engineers.
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ventive maintenance, the compressdirméed to be répcel
inyear 10; otherwise, it Wihave to be répced twice, ityea

6 and year 20. Compagithe two scenarios indicates tha
the preventive maintenance scenario has a net preignt va

of $6,359

If the time period is extended to g€ars, the compresso

will need to be répced twice in the preventv
maintenance scenatidhis redices theNPV ta
$4,338. In either case, the investment in preventi
maintenance isleaty justified economidéy.

For purposes of sinfigity, this exam[e does not
consider infation, residuavaue, enegy or lost
revenue from downtime. If residuaaue (how
much the compressor is worth afyear 25) is fac
tored in, for examig, the NPV wold decrease
But each of the other factasud cause an increas
in NPV that wold more than compensate foeth
effect of the residal.

THREE SCENARIOS

The team considered three different preventiy

maintenance pigrams or scenarios

Scenario 1 invtved no preventive maintenance
Obvioudy, the cost of preventive maintenance i® ze
in this scenario. The cost of repairs, the cost ofygne
and the frguency of guipment refacement wi
increase, however, because thggment wil not ke
propety maintained. The amount of eggrdegra
dation and expectdile degradation is based ongh
research previolys mentioned. It islao assune
that the frquency of repairs Wiincrease in an amount
similar to the expectelife degradation. For exanhg

the research indicated that, even with proper maihParking lots

tenance, a compressor idneed to undgo mina
repair evey fouryears. The modessumes that thi
repair freuency wil increase by 20 percent whea th
compressor is not propgmaintained, addgrepar

Asalysls showael that 2 prayeniyy
glrtznancs orogram of 539 milliar)
¢ e iz 2 2t prasant valus of

tions based on benchriarcdl ected ly the team. In thes
cases, the amount of eggrand expectetife degradation
was extrapated between the no-preventive-maintenanee sce
nario and the industrbenchmak scenario. For exartgy a
air compressor's expectiéfe will decreaseyp20 percentfi
not maintained, and proper maintenance will 8432 pe
year. If the companspent$236 (half the recommende
amount) on compressor maintenance, the expeited
would decreaseyb10 percent instead of 20 percent

Scenario 3 used indugtbenchmak levds of preven
tive maintenance. In that scenaribe modé assume
that the companspends the industbenchmak

PREVENTIVE MAINTENANCE:
HOW MUCH IS ENOUGH?

JE
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.

Air compressors [l $0.007
Artendes SNSRI
Bolers w2

Centiugal chlers  SONBANI

Recproctig chrs DS
Cooling towers I s0.008

- Condensers (air cooled) [l $0.004
DX units B 50003
EWFD systems [l $0.004
Centrifugal pumps [l $0.004

B 50002

E—
o017
0083

Fire pumps

Switchgear

Roofs

Weatherproofing

costs over théfe of the compressor

Scenario 2 was based on the conyxaurrent preven
tive maintenanckeves. In this scenario, the cost of preventiv

maintenance represents the attamount spentyb

company. For most of the 15 types of equipmagntifantly

less was beminvested than recommenda

ASSUMPTIONS

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

Lost revenue due to downtime

amount on preventive maintenance activities. This sce
nario dso assumes that thegugpment wil last its ful
expectedife and that engy performance Vil not deyrace
over thelife of the uipment

For each scenario, the teanhaubated theyeaty cost d
operatiny a piece of equipment and k@i timdine of expen
ditures. The cost consisteda@y of enegy, repair mainte
nance, preventive maintenance amgipment repace
ment. To cicuate the cost of engy, the modeassumesra
averge figure for annuieoperatiig hours and an aveya eff-
ciency. In scenarios 1 and 2, efficiency wagrdéed base
on the amount of preventive maintenance performed.

The avergelife of each piece of equipment was used t
determine when thegaipment wold need to be réaced
For examppe, the averge aje of an air compressor ingth
company's portfdio was 17years. The expected uskfu
life of an air compressor is $@ars with preventive main

the

$0

tenance, so ipears 3 and 23 of the scenario 3lgsia, the



compressor needed to be l@ged. Withot
preventive maintenance (scenario 1)e th
expected usefulife of the compressorci
assumed to be l@ears, so for purposes ofeth
study it needs to be répced inyears 1 and1
of the andysis. (The actuecompressors in th
compaty's portfdio may have received sogn
preventive maintenange.

Obvioudy, refacing equipment inater yeas
is superior to rdpcing equipment in edy years
The anyysis indicates that the expense ofaep
ment can be pushed out over time fyopely
maintainirg the equipment.

For each piece oftqeipment, the net present
value and return on irestment of scenarit
(no preventive maintenance) were compaoed t
those for scenario 3 (indugtbenchmak pre
ventive maintenange

Scenario 2 (current preventive maintengnce
was #so compared to scenario 3 to determige th
effect of increasig spendiig on preventive main
tenance. The afhesis dso considered the pert
folio as a whie by addig up d the expenditue
and céculating an overd net present Vae aml
return on |
he results of the analysis were overw
ingly positive: Compared to no preventive mai
tenance, an investment in preventive main
nance not oly pays for itséf but dso produce
a huge retur
e portfolio level, the analysis indica
a net present value 82 billion over a 25¢ea
period for &39-million-peryear $0.33/sf.) pre
ventive maintenance pyam. That represengs
return on investment of 545 percent. Thekbul
of the return comes from increagihe usefulife
of equipment. Engy savirgs account for apprex
imatdy 7 percent of the return

A 545 percent ROI seems like ageureturn
and it is. Consider, however, the cosjust ore
piece of equipment: a dhér. The averge size ®
the compan's chillers was 350 tons. Af.,000
per ton, chilers woud cost an avege o
$350,000 to replace

Maintainirg the chiller cost$5,500 per year
and proper maintenance agesirs to theapip-
ment'slife, avoidirg the extremky large capith
outlay needed to régace it. Thdonger the capi
tal expense can beldged, the lgher the retur
on investment
Maintaining all the equipment in the portft
produces gjnificant returns, which offers a pe
erfu argument for the Viaie of preventive mat
tenance and the dramatic impact it can have ¢
estate investment [l

Wei Lin Koo is a vicgresident with Jones Lan
LaSalle's Strategic Consulting gnaulracy Va
Hoy, P.E., is vic@resident of engineering dn
operations for the firm.

TWO VIEWS OF THE VALUE OF
PREVENTIVE MAINTENANCE

Two key corporate measures of the value of any investment are
nrt present value and retun on investment. By both measures,
preventive maintenance is generally a solid investment.

NET PRESENT VALUE
Air compressors [ |
Air handlers |
Boilers I

Centrifugal chillers
Reciprocating chillers
Cooling towers [ |

Condensers (air cooled)

DX units [ |
EWFD systems |
Centrifugal pumps [
Fire pumps |
Switchgear [ |
@king lots E
Roofs B
Weatherproofing [

RETURN ON INVESTMENT

Air compressors B
Air handlers B
Boler E—

Centrifugal chillers

Reciprocating chillers |
|

Condensers (ar cooed) [
DX it I

EWFD systems

Centrifugal pumps

Cooling towers

Fire pumps |
Switchgear I

Panglos I

Roofs -
I

Weatherproofing

This article appeared in the December 2002 issue of Building Operating Management
and is reprinted here with permission.





