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Table 1: Roof system specification and warranty/ service life.
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Table 2: Roof system specification and initial cost.

vice life may exceed the warranted service
life, but the variation based on warranty
length allows for relative comparison among
the systems. The roof system specifications
and warranty periods selected for the study
are identified in Table 1.

INiTIAL COST

As mentioned in the introduction of this
study, initial costs were developed using a
two-pronged approach of 1) establishing ini-
tial costs using commonly available indus-
try construction estimating data, and 2)

scans on reflective surfaces.

1-800-543-2279

Infrared Roof Moisture Scans

High resolution short-wave FLIR Thermacam for accurate

Survey results marked on the roof surface and verified. Full
reports with CAD drawings on hard copy or via e-mail.

Infrared Inspections, Inc.

modifying these initial costs using rank-
order data derived from a survey of roofing
contractors. Initial costs were established
using Means Building Construction Cost
Data 2005. This initial cost data were then
adjusted in accordance with average rank-
ings as identified in a survey of 50 commer-
cial roofing contractors located throughout
the United States who were asked to list the
rank order of each system in terms of
installed cost. The adjusted costs for each
system as determined by this method are
summarized in Table 2.

REPLACEMENT COST

In order to develop an effective life-cycle
cost comparison, the cost for the eventual
replacement of the roofing system must be
determined. Unlike the initial roof installa-
tion, replacement cost will include both the
equivalent cost of the initial installation as
well as the tear-off and disposal costs of the
original roof. Although costs for replace-
ment after tear-off and disposal can be cal-
culated using the original installation cost
values, tear-off and disposal costs must be
determined independently.

One of the most comprehensive and
consistent estimates of disposal costs can
be found in a study of roofing durability
conducted by Cash in 1997. Based on a
survey of roofing contractors, Cash estimat-
ed that the removal and disposal costs for
the types of roofing systems included in the
present study varied between $0.83 and
$0.98 per square foot. Because these costs
appear to vary within a relatively narrow
range that may have little significant impact
on the outcome of the life cycle cost calcu-
lation, the current study assigned a uni-
form value of $1.00 per square foot for the
removal and disposal costs of each system
studied.

In addition, this assigned removal and
disposal cost was converted to present
value in order to adjust for the timing of the
replacement. In effect, this present value is

8 e INTERFACE

BMERCURY

THE INDUSTRY'S ONLINE ROODFING AND WATERFROOFING RESOURCE

WWW.rci-mercury.com

JANUARY 2007



- SERVICE LIFE PRESENT VALUE REPLACEMENT COST RCev
) FY Repl | Coid = Datpodal Coel + Mew Fool Cosl) X Presend Value Discourd Factor (1)
Based on Dispemal MewFieat Total Present Value Present Valos
WamantyPerod | Cost Cost | Replacement Cest | DiscauntFactor (1) | Raplscemart Cost
SYSTEM TYPE {Yeara} L] (§156) ISR 5% APRY Tk
Elallawied EPDM 15 $1.00 Ll EE ] 0% 5218
Ballagted EPDM n i =l i 048 FiE
Adbared EFOM 15 .00 0 ux 0% 4
Suftueied EFON | .0 145 FIEL] 048 205
Adbared EFOM u .00 Moo 00 oy 5144
Mach, Atached EFDM iH .00 135 E kL] 056 24
Mach, Atached EFDM a $1.00 B s 046 el
Mech. Altached Thesnoplastic 15 .00 140 e 058 145
Mech Atached Themnoplastic ! 5100 = FEL] 04 514
Mcdified Bltuman 1% $1.00 taki] W (L] iy
Madified Btumen F 500 o LER ] 04 5218
Buitp Rocting 15 100 50 e 0% i
Buit-Lip Roofing a .00 (akh] M f48 BH

Table 3: Roof system, service life, and replacement cost.

(1) The Present Value Discount Factor is based on a 5% annual percentage rate applied for the length of the ser-
vice life/warranty period. As an example, a 15-year service life requires 56% or 0.56 of the replacement cost “up
front” as the present value of the future cost, while a 20-year service life requires only 46% or 0.46 of the cost “up
front,” due to the longer time period to accumulate interest on the initial amount.

equal to the amount of “cash on hand” that
can grow at a given interest rate into the
amount of “future cash needed” to fund the
roof replacement. As an example, using an
annual discount rate of 5%, the cash on
hand or present value necessary to replace
a roof in 15 years is equal to 56% of the
future cash needed, while the present value
of a roof that must be replaced after 20
years is equal to 46% of the future cash
needed. (Please note that a discount rate of
5% was selected, as currently recommend-
ed by the Federal Energy Management Pro-
gram. See Fuller & Rushing, 2005.) The
present value or “cash on hand” replace-
ment costs for each roof system specifica-
tion are summarized in Table 3.

MAINTENANCE CoST

As mentioned previously, annual main-
tenance costs were based on data from
Schneider and Keenan (1997) and Cash
(1997) that identified annual maintenance
costs as varying between $0.09 and $0.19
per square foot. To simplify this current
study, these costs were rounded up to
$0.20 for every roofing system. In addition,
the total maintenance cost for each roofing
system was converted to present value (or
“cash on hand”) by calculating the dis-
counted cash flow of the annual costs for
the warranty period. As an example, the
cash on hand required to fund a $0.20
annual maintenance cost for a 15-year war-
ranty period is $2.18, while the same pre-
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sent value for a 20-year warranty period is
$2.63. These present value maintenance
costs are summarized in Table 4.

Once the present values of all initial,
maintenance, and replacement costs have
been established, the calculation of Life
Cycle Cost is simply accomplished by com-
bining these costs into a single amount.

Table 5 summarizes all Life Cycle costs for
all roofing systems identified in this study.

The problem with a simple life cycle cost
model becomes apparent in Table 5. The life
cycle cost of many 15- and 20-year roofing
systems is very similar, and in some cases,
the life cycle cost of some 15-year systems
is lower than the corresponding 20-year
system. As an example, the present value
cost of a 15-year modified bitumen system
is only $7.81 per square foot, while the
more durable and redundant 20-year mod-
ified bitumen system has a higher cost of
$8.49 per square foot.

The problem, of course, is that the 20-
year system provides a longer service life
than the 15-year system, and the value of
this additional service life can only be eval-
uated by annualizing the costs associated
with both systems. This can be accom-
plished by expressing the costs of both
systems as an annual cash flow or “pay-
ment” for the expected life of each system.
This annualization of life cycle costs is
achieved using the Equivalent Uniform
Annual Cost (EUAC) method, as previously
identified in this article. Using the same
5% discount rate as in the LCCA calcula-
tion, the EUAC for each roofing system is
summarized in Table 6 and graphically
compared in Chart 1.
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Table 4: Roof system, service life, and maintenance cost.

(1) Present Value Adjustment Factor based on a 5% annual percentage rate applied for the warranty period or ser-
vice life of the system. As an example, the initial present value or “up-front” funding necessary to cover annual
maintenance costs for a 15-year service life requires 10.9 times the annual maintenance cost, while the “up-front”
funding for a 20-year service life requires 13.15 times the annual maintenance cost.
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Table 5: Roof system life cycle cost (LCC).

LONG-TERM VALUE OF SPECIFICATION
ENHANCEMENTS

The EUAC method of life cycle costing
may help to identify the real benefits inher-
ent in roof systems that have been
enhanced to extend service life. Based only
on a comparison of the basic LCC of 15- and
20-year roofing systems in this study, the
benefits of enhanced specification might be
questioned because the LCC costs were so
close. However, the EUAC cost method iden-
tifies that 20- and 30-year systems may
hold an advantage more than sufficient to
justify the additional up-front expense. As
an example, the EUAC calculations indicate
that the 20-year roofing systems in the
study may offer long-term costs at 10% to
15% lower than their 15-year counterparts.
In addition, the EUAC of the single 30-year

system studied offers a cost savings of 12%
beyond a similar 20-year system.

The EUAC data in the present study
appear to support the proposition advanced
by many roof consultants that the invest-
ment in enhanced system design may pro-
vide a real economic return to the building
owner. As perhaps best stated by Richard
Boon (2001) in Roofing Contractor magazine,
“...the higher up-front costs of premium
roofing systems can be fully justified
through long-term savings.”

EconoMic SIMILARITY OF MAJOR
ROOFING SYSTEMS

The EUAC method also suggests that
the major types of commercial roofing sys-
tems used throughout the United States
today provide a very similar economic bene-
fit. Although roofing industry professionals
may hold widely divergent opinions regard-
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Test your knowledge of coatings with the follow-
ing questions, developed by Donald E. Bush Sr.,
RRC, FRCI, PE, chairman of the RRC Exam-
ination Development Subcommittee.

1. What are the five
major reasons why
galvanized steel is
painted?

What is the most
common reason
for painting

galvanized steel?

Which three basic
components do
protective coatings
contain?

What are the three

semwcewre | mmaL | Reacementcost| waamcost | wreCrciecosT | Ecunuent s hani b
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Reference: Corrosion and Coating, The

Table 6: Roof system Equivalent Uniform Annual Cost (EUAC). Society for Protective Coatings

Note: Equivalent Uniform Annual Cost is the “payment” required to fund the Life Cycle Cost over a service life.
This “payment” is calculated using the same principles as mortgage financing. The Life Cycle Cost represents the
“purchase price” and the Estimated Uniform Annual Cost represents the “mortgage payment” needed for a given
interest rate to fully fund the Life Cycle Cost by the end of the stated service life.
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Answers to questions from page | I:

Synergistic effect
Aesthetics

Added protection
Color coding

Safety markings
Aesthetics

Pigment - provides body.
Binder - provides
important film properties.
Solvent - reduces viscosity
for easy application.

Barrier protection.
Inhibitive pigment
protection.

Sacrificial protection.

Water traps - config-
urations with pockets
that collect water.

Sharp edges - coatings
retract from sharp edges,
leaving only film.

Crevices - at bolted seams

and back-to-back angle

iron.

Dissimilar metals -
accelerated corrosion of
more chemically reactive
metal.

Areas difficult to access -
lack of sufficient coating.
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Equivalent Uniform Annual Cost (EUAC) of Model Roofing Systems
(Dollars Per Square Fool Per Year)
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Chart 1: Equivalent Uniform Annual Cost (EUAC) of Roofing Systems

ing the relative performance of EPDM, ther-
moplastic, modified bitumen, and built-up
roofing systems; the relative similarity of
these systems in terms of EUAC may indi-
cate that no single system offers an unas-
sailable economic advantage. Perhaps this
is why each of these major approaches to
roofing enjoys a respectable share of today’s
commercial roofing market. [

EDITOR’S NOTE: A copy of the Excel work-
book used to calculate life cycle cost using the
Equivalent Uniform Annual Cost (EUAC)
method may be obtained by e-mailing Jim
Hoff at hoffjames@firestonebp.com. This
paper was originally presented at the RCI
21st International Convention and Trade
Show in Phoenix, Arizona, in March 2006.
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